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Chemistry 2, Rasic 
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Sociology, Principles of 
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1::~~;~rJ~~;~~~:~~;~;~~:~~~~~ ." = C (Cllpltal) or A = l + C 
EQUAnoN. 1. Allet, : In acqulr-

I ;:".':;.0.:.,·" •. ' .•. :'-:·;;-;·.;:::' .• :: .. :::.:::: another asset or Incur a lIa-

1:: . .-,.,::.::, .:::'-".: .. ".:;::.:'::-' .... -...• or both . Thus, It I slgnlnes li~~~~~]:~B~~~~~ifl;j:~l~~~g:~~~~:~~::~ji~§~ I~~~~~~i~J~~~~:~~l~~;~j:~ !;l~::~~: ~:f~.i;;;:'~~:' i;~~:i: 
from 

~~i;~;~~,':f,;~j-~t~?ti~_:;;~~~,,~~,~; pur-
tU dllty. 

~1i~~~~~~i~:··"=·:~0~'~~" :'!':"U"""~"~' .:~"'"U"O ~~=~~,=~ I:~~:;::~~~~~~~;~~;~\:;·~;:;;~tj;~t~~: ;~'t~~~i,i~::;r~~i::1;:i;~:::; to the cost ot d total cost or goods 
"mpu'" by .ub· 

~ ~ end of the period 

~ ~ SAt~!~:· '&;.ie" i:le t'u ;;' i'~ ;'d' .6:,i~~·i;~~e.: :: .. S' '400 $9,000 
I- CI Discount on Salta. '. ,. . ... ...... 100 

~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~! I~~~~~~~~~~ill~~~~~:~~~:~~:J Total Deduction • . ...•.•.•••••• .. ~ 500 
~ 1.0.1 NET SALES REVENUE . .. .. ...•••••••••••• -::-::-:: $8,500 
t;::I: COST OF GOODS SOLD : 
C>;::: .. , •••••• , .... Inventory (begi nning of period) •••....... $1,110 

~6 ~~:fghhiltSr~·::::::: :: ::::::::::::: $5,~ 
~ >- ~J~~~;;~~~~~~~~;;::-~r=~J.;::;)'id~-·1 i"';:1 Duty. . .. . . .. . . •• •• •• ••.. .. .. . . . . 300 Total .•..•. . ....•••••••••• $5,350 

Leu: Purch . Reb. &. Allow. $350 
Discount on Purch ... 250 

Total Deductions .• -::-:: 600 
Net Cost of Purchases •..... ... •• ~ 4,750 

con OF GOODS AVAILABLE FOR SALE •.. . .• .. • $5,860 
Leu: Inventory (end of period).......... 3,000 

con OF GOODS SOLD .. ....... .... .. . . -:-:-::-:: 2,860 
GROSS PROFIT ON SALES .......... . ........ .......... ...... $5,640 

. n •• i;:d;;id;.:,~ .. ;.0it .. ,; : each entry 
or eredlts to Items ;;;i,h-.;~ .:";;;;;;.,: 

~ .• : •• :" •.. ,:.,--."~ posted Individually 

JOURNAL. Records cash received. Basic entrY 
to C.sh account and crtdit to account recording the 

nature of the cash receipt. 
Entry calls for debit to account 
and crtdit to C..h account. 

for debit to Customer's ac~ 

E. SALES RETURNS AND Al10WANas JOURNAL, Basic entry 

~~~~~~~~~~~~~ili~~~~~~~~~~~~~~;~~~~~~~~~~~~*;,~~~:~:i l calis for debit to Sales Returns and Allowances account and credit 
to Customer's account. 
F. PURCHASES JOURNAL. Basic entry calls for debit to PUrchlllH 

account and atdi! to Creditor's account. 

;;E!'¥---j~~:..:.-=-:..:.-----------=--=-::i~!."!!!!~'!.~~~!'.'!~=::::=------I!o!~II-..!!!!!~~~j'!!!~...:::....----I G. PURCHASE RETURNS AND AUOWANClS JOURNAL. Basic en~ 

Apr. , 

A. Brown . . . .. ......... .... ........................................ .. .. 
Income from Se~lces ................................. .... ........ .. 

To record bill for se~ices rendered to Brown . 
(Debit to "Brown" records Increase in claim against him-an asset, and 
credit to "Income from Se~jces" records il n Increase In capital.) 

Notes Recelvilble ... ....... .... ...................... .......... ........ .. 
Cash .... . .............................................. ........ ...... .. 

A. Brown ... .... ...... ............ .............. .. .............. .. .. 
To record receipt of cash and 6O-day non_interest_bearing note In utlsfac
t ion of clillm ilgillnn. Brown. 
(De bib to "Notes Receivable" and "Cash" accounu record Increases In 
aSltU i the credit to Brown" account records a decrease In the claim 
ilgillnst him .) 

(J 17) Mil r.22 

HAME EXPLANATION L.F. 

F. Rlchilrd. Cil5h Sale t B. Gordo n Inv. 2/8/_, leS3 2~ 
I. Platt Inv.2/16/_,leu % 

NAME EXPLANATION L.F. 

Gardner Co. Rent 
Cashier Sal. w/e 2/5 33 10 

try calls for debit to Creditor's account and credit to PUrCMM Re~ 
t um, a nd Allow1lnc:n account. 
H. GENERAL JOURNAL. Used for transactions for whleh special 

Journals have not been set up. Accounts debited and credited vary 
aceordlng to transactions. All pastlngs from t his Journal must be 
made Immedia tely after entries are reeorded. 
I . ILLUSTRATIVE SPECIAL P'URotASES JOURNAL. 

OUE 
19_ 
Feb. , 

16 
24 

I I 

PURCHASES JOURNAL (Page 4) 

NAME ANO TERMS 

Arthur &. Co.-2/10, nl30 
Merit Trading Co.-Net 3OdilY. 
Smith &. Friln k-3/ 10, nl30 

ARTH UR AND CO. 

I I I ~V.b.I' 1 

L.F. 

• 21 
74 

106 

110 

AMOUNT 

"" 75 1,41020 
12410 

2,49705 

t Ritchie Co. Inv. 2/7,le55 2% 

• Ind icate here the page num ber in ledger to which IteJ~,~.~"~t~'~~~'~I~n~G~.n~'~'~'~1 ;"~I;":m;"~h;.;;"~"":.~n~p'~':"::d~~:~~:~~~:~ I,~ili1i~~~[~i~~~~~~;:~~r~~~~~~~fl~f~#~~1~§ + Write " ';" here, to Indicate that no posting Is requi red when entry II made, • 
• Post total of each of these colu~ns at end of eac h month and show In parentheses, under each amount polted, the number of the 

ledger pilge to which the porting was made. • Post each Item In this column c urrently. 



~ 

J EXPANDEDSPEClAL JOURNALS_COLUMNlZA110N "UNOPL!. I ii Ii. D ATION It. NATURE OF lX' C. SUB.sEQUENT ANNUAL 'lOaDURE. 1. When t he Jutur~ bad 
1. Ali entries made In a (:11th dltbul'Mmenb Journal Involve CfUh. I ~_ EPRECI . , E~E: 1.1 n the, e&!IO debt. are again estimated at the end of a subsequent period, eon. 
In addition they may affect other Items with. fair degree of rogu- of tll!d8 acq,:,lred for use In business (lllch/lS bUltdl1l91, machinU/l, slderaUon Is liven to the then ulln", or the Allo .. nee lor lid 
l&rIl)' When they do special columns are Introduced for recordIng !urmlurr,tqurpmrnl, de.) tha cost Is charced oft to uJMnM on r Debts account 1 If there Is a endlt 1Nt."ce In the account the ~e 
IlmUar recurnngltems. 2. At the end of each month , after "on- full period of the respecth" aSHt', uMful lito, Instead of being entry Is made 'fOr the dltf'~nce between the estlmatedfutur; b4d D

footing all column totals to make sure that the sums 01 the debit charged entirely to period In which It was acqu ired. The amount d~bts and the accolUlt balance: If there Is a debit billance. t he entry i:"; 
eolumn totals and credit column totals agree, the totals of such so prorated each year Is called .d.p~lltion and deemed to be Is tor the totll of the amount so esti mated and the debit balG1lC~. ,,; 

lpedal columns are posted as on~ amount, thus saving eHort and an expense of bUSiness (dt'OtlUe In t;apltal). 2.Depreclatlon maybe D. AlTERNATM MOHOD FOt BAD DEIT WRITE-Off. Uncollectl. til 
Ipace. J. When the occasion arises to record an Item for which no ph)'5leal (WN1 cmd tNr) or .conomlc (obsolestence). Depreciation ble accounts receivable are written orr only when they are actuallf ~. ;: 
lpeelal column has been Introduced. the entry Is made In a ''Gen- Is generally charged off at the end of each bUSiness year. determined to be worthless thus making them an expense of that ~ i 
' nll" column and the posting thereof Is done Immediately. The B. THE STRAIGHT- UNE METHOD. Most usually encountered . It nseal period rather than the one In which the credit decision and -,.. 
llame prinCiple Is appl~cable to all .peclal journal •• (See C/Uh calls for proration of UNt'. cost. reduced by It.s expected ultl_ sale were actually consummated. The entry would be: =~ 
10tI11IIlU, bottom offrOtlt sidt) . mate .. I".e g lue, nenly over the estimated. number of years .... 

of Ita ""hllllfa . ' Cost(e) • EI ...... l&d Sal .,e Val (') Bad Debts .•...•. . .•• . ..•.. .. • . .. •• •• • •• . 100,00 i.I!J CONTROLLING ACCOUNTS. A. SUBSIDIAay LEDGERS. Annual D'pNtlatlen (D) ..- v ue Account. Receivable (Cu.tomer·, Nama) ••..•.• . • 100.00 
I. When man1 accounts In a ledger represent similar things (ctcrims Estim ated Userul Ufe, In Years (I) IECOYERY OF BAO DEBTS PIIEYIOUSLY WRlnEN-oFF. 
~t customers, amounts dut rreditors) they are generally removed C. THE DEaJNING-8ALANCE METHOD. 1 . The annual deprecla- (1) If an Allowance account I. ulCd, 
to an Indlwldual specIal ledger. When this Is done. a single account tlon . expelClse Is compu.ted by apply~ng a uniform rate (nol tx- the cntry I.: 
Is set up to replace them In the principal or ,.n'nll I.d,er. This Ctedlng tlDlce the appraPTlat~ stra{ght-Ilnt rote) to the unrenveNd Cash ...... .. . .. ... . ... .. .••. ... _ • .• • . 50.00 
account In the general ledger Is know n as a controlllns account , basi. of nled anet, I.e .• the cost reduced by acoumulated depre- AUow;ance for B;ad D.bts ........ . ••• .. .•••••• 50.00 ~c:I 
because It shows In summary form What appears In detailed form clatlo n- a continually decllnlngbase(hence, the name). The un- ::z:c:I 
In the Indlwldual accounts In the speclalledgor. 2. By replacing the recovered basis may not.bo reduced below ... Iva,. walue. (2) If an Allowa nce account I, not uled, C::>z 
accounts removed with a single account who.re balanct represent! 2. Exampl. : If a machine cost II,Zoo and had an Ultcted salooge the entry I.: ..... 0 

~~t dal~~g:~dO{:!,:d:lf;cgeo{~~:r~il~~t~~ ~~~~'::!s ~~e b~q~a~:~: ~~~~:! ;::x',;:!:~;to::,::P:~~~h~::,~~~~e :~J:r Vte,::~~uW:'t~~~~f~:~~~ caB~;i O~bta Reco~e,:ed:.·.:: ::: : : :: : : : :: : ~.~ ••• 50.00 ~ ~ 
Lalned. It Is necessary to prowlde speclll column. In aU Journlls balance mtthod would be romputed as followS: (I ncreate In c;apltal) ~ ~ 
tor recording transactions and accum ulating data attactlng these 1st vear = 2 x 110!f; $1.200 1=10240.00 lIE] CASH BASIS n . ACCRUAL BASIS. 1.When books are ~ 
lpeclalledgers. !ndl.!dual postlne. are made therefrom currently 2nd veor = 2 I[ IO !f; $1,200- $240 = $192.00 maintained on a c-.h basis Income Is con!ldered as tamed when L...:..:....-
t.o the accounts In the special or .ub,ldllry ledgers, but l ummary .. Jrd year = 2 x IO%.$I,~$4321:::: $153:60 It Is rtctlUed In ca.sh, and .~penN' IS {ncurred when they Ire ~Id. 
,"tin" of these column tOLlls In the Journals are made to the Depr«1atlOn wl/lttno/! m,,¥ not, In thIS cose, reduce txuu btlowI200. 2. When books are maintained on the accrual basis, Incame Is con. 
:onfrolling accounts In the ,.nerll I.d,., a t the end of each month. D. SUM-OF THE YEARS' DIGITS METHOD. 1. The annual depre_ sldered as «lned when worll i. ~rformed or !ales made. regardless of 
8. OPERAnoN OF TYPICAL SPEOAL JOURNALS. clatlon expense Is computed by applyl.ng an I nnul lI,. cluln,ln, when pay ment theretor Is received: and .. pense. are ebarged to 

SAW JOURNAL fraction to cost of the nxed asset minus Its estimated g lwa,e the period In which benents aro enjoyed , regardleu of when jKzymml 

;~!!f=1f=====:J~~!!'======tQ+]!~1El: .alu •. As the name Implies. the drnominotor of the fraction Is Ihtrefore is made. n ;oo: DATE ACC OUNT L.F. AMOUNT the sum of I, 2. J ••.. . n. where "n" Is the number of years ii~ 
19 In asset 's estimated useful life. The numerolor Is the number of ~ ADJUSTING ENTRIES . At the end of each accountln, ~ ~ 
Sept. 18 Jones (term. of sale) . . •. . . .. .. .. . . .. . . (a) 1,000.00 years, Including current year, remaining In the asset 's expected period, It Is customary to analylO accounts to determine whether z,. ..... 

20 Brown (term. of tal'j' .• .. .. .. •• .. .. .. (a) 600.00 lUe (n . for the nnt year, n-I , for second fear: ele.) 2. Eumple : they fair ly renect the Income and expenses of the perIod.. If they z:: 
28 Smith (term. of tale ••• . . .•.• ....... . (a) 200.00 If a machi~t 1wd an ~slimated useful life of 5 VtflTS. t.ht dtpredation do not. adJustlnc . ntrlo are then made to accomplish this pur. c .... 

1.800.00 oIlowonc~ rn second ~tQ1 would bt computed b~ apPlVlng thefrae/ion pose. These ad justments will ,enerally fall Into one of the tollow- ~ ~ 
(b)/(c) ( • I ) or 4/15 to its origmol cost. reduced btl the Inl cate,orles: c::: u: 

)) Post Immediately to appropriate account In customrr's ledger. 1+2+3+4+5 ~slimottd .alrJOge valUe. A. a.OSINO INVENTORY OF MERotANDISE. 1. To set up mer- ~ C 
Showpagenumbe.rhere. (b) Postasdebltatend of month to Accounts , II; ........ chandlse Inventory at end of nscsl period. . Autl recorded cmd cost ~ z 
fleceirJO!Ile controlling account In the general ledger. Show page num-~ VALUAT,DN ACCOUNTS - DEPRECIATION. factor (cos t of goods sold) dt'ONSed : ,.... ..... 
)Or hare. (c) Post corresponding credit at end ot month to the A. AllOWANCE FOR DEPRECAnON . In case of assets subject ~ % 

,-, II h I I'" Sh b h to depreciation, resulting decreases In nlue are not ordinarily 19 '" '1' ~;;; _III accoun n t a lIenera ger. ow pige num er ere. sepa- recorded directly In respective asset accounts. Instead, separate Dec. 31 Merchandise Inventory (ending) • ...;:: 32,000. 
'ated as Indicated by a dlagonalUne. Non: The total etrect ot all accountscalJed vII'ulitlon accounh are generally set up to record Profit and L.o .... . .............. 1...... 32,000.00 
)f the Individual sales transactions during the month Is summar- accumulated decreases In the asset nlues. The entry to record To ,.t up clo.lng Inventory at • 
zed In the general ledger accounts by a sIngle total debit (b) to the current depreciation would be: 12/ 31 /_ 
' ccoLlnts R.cel¥lbl. controlling account and a corresponding single 
:otal credit (e) to the Sal" Account. The total of the Ind\¥ldual Depreciation of Machinery .•........ . , .•. ... •. foo.oo • These numbers Indicate the page num be ... of t he reapectlve :r:::::r 
(eblt postlnp (.) to the various customers' accounts In the sub_ (expense-decrtase In capital) I.dger accounu IIst.d on the accom panying work .heet (See work 0 iii 
~dl.r)' Accounts Receivable ledger Is equal to the total debit post- Al lowance for Depreclatlon-Machl n.ry ..•. ... .••• . 100.00 .heet: Accou ntlng Chart2) to which the Item. have been po.ted. ~ % 

Dg to corresponding controlllni accou nt In the general ledger. (valu;atlon account- decrease In a"et) 2. rIM Profit and t oss IIccount Is a summary aocount to which the ~ ~ 
PURotASES JOURNAL For dep'n. on $1,000 at 10!f; p.r ann. balances of oil income G1Id ezpetUe accounts are transferred at the ~ ~ 

;~~=1=====j~~~======tQ+]!~1El=IAseparateva l uat1on account Is used for each type of asset subJect tnd of each fiSCal ptriod. The debit In the foreloln, entry sets up ?" l: 
DUE ACCOUNT loF. AMO UNT to depreciation. This procedure mikes It possible for original the In¥lntor)' (asset) as It exists at the end of the period. and the ~:IIC 

19 cost of such assets to be clearly IdenUnsble at aU times. The credit to the PrGnt and LOll account serves In the determination ~ ~ 
Oct. 2 Gordon (te rm. of purchase) . . ..... .. . . (II) 850.00 book u lue of such assets Is the difference between the cost of the Cost af Gooch Sold as an onset to the Cost of Goods Auil- Col> Z 

9 Stil i (term. of purchase) .. . ...... .... . (II) 650.00 and the ballinc. In the related •• Iu;atlon IIce.unt. Thus: abl. fOf" Sill.. (See 7 supra for discussion on merchandjje and see ~ ~ 
12 Morgan (term. of purcha.e).. . •• .. .. .. (II) 450.00 Furnitu re and Flrtu~ •...................... $1,000.00 Accounting Chart 2; 4. B, for t he transfer to the pront and Loss ac- c:I l::: 

l W') Less: Allowance for Depreciation...... . .. .. .. 250.00 count of aU components of the Cost of Goods AwaUable for Sale .) .... Col> 

( (e Not Book Valu. (or D.preclated Co. t) .... . • :TfSI[M I . ACCRUED EXPENSES PAYA8lE. To set up expenses Incurred ~ ~ 
II . GAIN OR lOSS ON SALE OF DEPREOAnD ASSET. On a sale for which payment bas not yet been made (ezpetUIII and lio.bilitl/ ~ ~ 

of an asset, the amount In the Allowlnce account representing are both incrtased) : !""?f
f.) Post Immediately to appropriate account In creditors' ledger. 
Sbew pa,e number here. (b) Post debit at end of month to the 
Pwcluues account In the ,eneral ledger. Show page number here. 
te) Post corresponding credit at end of month to Accounts Pai/llblt 
"'nttolling aCCOlUlt In the general ledger. Show pa,e number bere, 
18parated. as IDdlcated by a dlagonalUne. 

CASH RECBm JOURNAL 
DEBITS 

DATE HAME L.F. CASH SALES ACCTS. 
CREOITS 

ilISCELL. 
ACCT. AMT. 

the accumulated depreciation applicable to the cost of the asset 19_ 
sold Is closed Into the corresponding account: Dec. 31 
(a) Allowance for Dep~clatlon-Machlnery ...•.. 300.oo 

Machl ncry .............................. . ....... 300.00 
If machine'll had b~tn acquired for $l 1J(JO.OO and sold for S6S() .OO 
the preceding tntrv UTili ltalle a 1700.00 balG1lCe in IUstt account. 
When the receipt oJ c4th jj thtn recorded: 

(b) ca~h~dhi ~~~y :'.': :::: :::: :: :: :::: :: :::: ::~~:~ .. . 650.00 

Satarles-Salesmen ..•. . •.. . •• .. . . 60 
Salults-Office ..... ... .. .. .. . .. . 70 
Interest Expon.e ..... . .•...•...•. 80 

550.00 
"".00 
100.00 

A'¥oUe~tExJ:n~~'p~rJa:1r~;I~'" 23 1,050,00 ~ .... 

:~:e~:r~:d o:n~;,,~_ ~ i 
C. ACCRUED INCOME RECEIVAILE. To set up Income e&rnad but ~:; 

not yet received (cud G1Id income are both increased): ...... 
~ov . 7 .. Harrlngto" 

Frank-Not. 
Roc. due 

(.) 
(b) 
(.) 

OISCT. RECEIY. 

100.00 98.00 2.00 
204.00 

The Afachint'TJIaccount urill halle a debil balance of 150.00. ~ p 

r.,o:.el~eC~ ~:~ T~:)r~~::t;~S ~~:S:fo~::~~'~. ~~.i~. ~~o~.~. ~~~:.50.oo ~.e. 31 A~C~reo:!.~nlc~:~~~~~I.v~.b.I~::::::: ~ 100.00 100.00 ~ ~ 
302.00 2.00 100.00 204.00 Machinery ................................... .. . 50.00 To .et up Intcre.t accru.d on n n 
\"~ \~! (I) (J) Above entries may be summarized In tollowlng "T" accounts : notes recclvable at of 12/ 31 /_ E;; 

{.) Post $100 credit Immediately to Harrlnllton's account In sub- CASH MACHINERY D. PREPAID EXPENSES. 1. To set up as an asset that portion of an ~ u: 
iidioTJlltdgtr. Show page number here. (b) Post $200 credit Imme_ Item previously recorded as an expense, whlcb bas not been full, ... 
~ I atelf to Notes RectiUdbie account In general ledger. Show page (h) 650 I Co,t ,,0001(1) 300 consumed or whose benent has not yet been tully enjoyed (aud g:c 
Dumber bare. (c) Post $4 credit Immediately to [nttrest Income (b) 650 increcued and uptnse reduced) ' 
ICCOUnt In general ledger. Show page number bere. (d) Post as a AlLOW. rOR DEPRECIATION (c) 50 I;:;;:.:;::T=-=~::==~~·-----T-.---.--
I 

" 
d I 'h '" C h II 11-", Sh OF MACHINERY LOSS ON SALE OF AnETS 19 

D~mt~~ ~~IOc:.. ~~l. (.') pg:t :,:udeb~ ~~n:~~ of me~nth ~: g:1~: (I) 300 I Bal. 300 (c) 50 I Dec. 31 P":~:~~a~!e'~.'~: ::: : :::::::::: : J 650.00 650.00 
Discount account In general ledger. Show page number below total. NOTE : A credit balance In Machinery .ccount would represent a To •• t up unexpired (nut) por- -a 
If) Post as a credit at end of month to Accounts Recejoobl~ account gain and wou ld be closed out In rewene fashion to Gain an SlIle tlonof In.u rance premium. al _ !::;l • 
[ri leneralledger. Show page number below total. (J) Do not post of Au.ts. Depreciation must always be written on (as .. pense) loeable to period alter 12/ 31L- ~ ffi 
total Since Indlwldualltems have already been posted singly. Show to the date of sale before the foregoing entries are made. 2. tt, Instead , the PNpald ExpenSl accou nt had been cbarged. when ...... 

1h'7.1'"b.';-'hr"_k_m_"Tk_("T) _bGE:"oON:;w"E l':..;;;;~;.',,;";::Uc'cN:;'r"'-. __ -..;;:;._ l c~iv~~A~Ea~Na~:::~~f!~:!~cT~t!~~~~~~~·_I~f:ru~tn':~ ~~~t:~nmW:~do:~~n:~~I~I~~!t°!~~et::O'!:ett~:C~~~~~d't~~ g ~ 
ACCTS. GENERAL ACCOUNTS GENEIIAL ACCn. replacement Is considered to be Its seiling prIce. and resu lting ferred to expense (expenst increased and aud decrtlUed): .;, !; 
rJ~.) (Dr.) L.F. EXPJ::TlONS L.F. (Cr.) Rf~~~:- gain or loss Is recorded In usual manner. The new asset Is re- 19 ~ il!i 

-''''''-f-t-,ooo--.oo-t-(.-)-t,~'~:i~::::;~~ .. =~'',"~?'';:;~ii:,C.-Ic--+---t--'''"'- I E;;:or~~~f:!~he!~~:~r&II~~~:~~e::sr~is::~~~:~rii~r~ 00:7. 31 I n~~~~~e~~::~:f~J'(~~~~ ~:.~i~~; -: 1 ,500.00 I ,500.00 ~ ~ 
Jonet (b) 1.000.00 costlnll $4.500, the combined entry wou ld be: tlon of In.uranu premium.. Col> 

Received 6O-day Allowance for Depreciation-Mach. (traded-ln).2,100.00 ;alloc;able to the year 19_ ;:::; 

(d) (C~ . :~ ~~t:c~::~i C--r. ( •• ;),+--" (.,,) -I~o.S:h~~e~l(n~~r.~~~I.~~?:.(~~~~~d.:'~):::::::: ::!:~:gg E. UNEARNED INCOME. To set up as a liability tbat portion or 
I.,) " p', " "',,,,,, as a debit to Nole! R ·oobleacco tin "n I Machl ner, (traded-In) . . . ..................... .. ... . 4,000.00 an Item previously recorded as Income which has not yet been 
*,-,e~ Er:ii! general ledger account pa=~t~um ber hUe~e. (b) :!:t Cash . . .. . .. . .. . .......•. •. ......•. . •...•. .•..•..•.. 3.700.00 fully earned (income reduced and liabilitv incr«sed): 
Immediately as. credit to Jones' account In customers' ledger. Enter for tax purposes. no gain or loss Is recognized, and book value of 19_ 
~n~s~~~~r,:~~~rl:ec~~U~!V~a:l~e~~~~:~:~st~ R~g~;.t C::~~ ~~! oIdmet plus cash paid becomes tax basis of new asset. Dcc. 31 Reu~clanr~oc~t;'c(:~be·t.na"t) •. •. . .• ~! 250.00 250.00 ~ 
)y check mark (v) below total. (d) Post any total to appropriate .l..I::.J VALUATION ACCOUNTS BAD DEBTS. To let up portio''; (iii of ·.~b_· Ci ~ 
:onfrolling account at end of month. Indicate below total the page A. AUOWANCE FOR lAD DEiTS. 1. From tlma to time It may t,!,"'mn:'"'th ... ""tdP:"';'/~",tl~',~l ~; 
lumber In the generalledler to which posting has been made. be found t hat certain amounts arising out of sales made on .... h ~;; 
C. rROOF o. CONTROWNO ACCOUNT. At the end of each month credit can't be collected . and bad debt losses result. 2. To charge yet .arned In thl. fllta l period r roo 

liter all postln,s hawe been made •• Kh.dul. of subsidiarl/ ledg~r such losses to the accounting period. In which credit sales took (year ended 12/31/_) ,.... ... 
rctOIDtt balances should be prepared and the total thereof compared place, It Is customary at end of each such period to t!timatt f . DEfOREOAnoN, See prior discussion under Valuation Accounts ~! 
.Ith balance ot rorresponding controlUng account. Both should agree. futur~ bad debt lon~s which will result from sales made during (expense Increased and asset reduced). Z ~ 
O. DOU8LE ("SPUT") romNOS. 1. When an entry affecting an period.. This estimate Is made on basis of prior experience and ----=.:.. 

I b Idl '0<1 I d I J I I hI current conditions. 3. Since It Is usually not possible to know 19 --
wcount n a IU ! ary ger s rna e n a ourna n w ch a whl,h , p-m, amo"n' d"e will become uncollectible, oopartlcu - Dcc. 31 Depreclatlon-Furn . 4. Fixture, ... 75 2,000.00 
Ipeelal column for the contro11lng account has not been provided, "... ".. Allow for D.pn F 4. F 11 200000 
, doubl. or "'pltt" potUn, shou ld be made Immediately, one to lar account receivable Is written oft (credited) butlnsteada vllu - To let up a~;u~1 ch~~e; '~t' • • 
!he lulnldlar,- I,d,., I"ount and another to the contrtllllna .tlon account Is set up to record anticipated bad debt losses: rate of 10% on 1021,000 (cost) 
rc:count In the general ledger. 2. Eumple : Bad Debt. (ExPII".e- Decreaso In capital) .. . 175.00 less $1,000 (est! matcd nlvage 

CASH DISBURSEMENTS JOURNAt Allowance 't?r Bad Debt ........................ 175.00 val ue). 
-:;;-~~;r-=~~~~;:::::[J~~~;r==£J1ElAf;=1 (Valuation Account- Decrease In asset) , G. IIAD DEBTS. See prior discussion u nder Valuation Accou nts i; .. ~ 

HECI( PAYEE AND CASH ~ 'EHEHAL I . lAD DEBT WRITE-OFFS , As soon as any customer 5 Indebted-"(;;"'''';:"~':'r'n~'~''':''=':d~'~":d~'''=:'':.::''''':::""':''':)C' __ . -. ___ • __ ~.~ 
DATE NO. EXPlA NATION L.r . (Cr.) ACCT. ('O.,T .. ) ness Is subsequently determined to be uncollectible. his account l: ~;:~ 

receivable Is Wflthn off (credited), and uncollectible balance Is 1l . .. ...... " ~I charc.d (dtbited) to Allawlnca for Bad D. bb a"ount.as follow.: Ott. 31 Bad D.bts . . ...... . ....... •.••• . 74 1.800.00 -.="" 
~ec. 14 tOI Bank-{check re- Allowance for Bad Debts ...•.. . •..... . . 100.00 Allowance for Bad Debts ........ 4 1.800.00 :-c~: 

turned- "In.uffi_ Accou"u Receivable (cuttomer', name) ....... 100.00 To set up new allowanc. as of ~~~ 
clent funds") a/b 102 00 War~n 102 00 At any time. the estimated recovery value of the Accounts 12/31 /_ : :::- ~ 

.) DesIgnates page number of Accounts Rtceiooblt controlling account Receivable may be stated as follows: ~~d~u~:b~~~r:~~"'" .$1.250 
n generalledler to which debit or '10215 posted. (b) Designates Accou nts Recelvabl •.... .. .... . .•• .. ....•• _I9,OOO.OO Allowanc. accou nt .• • • •. 55O 
laie number of Warren's account In subsidiary led,er to which un: Allow;a ncc for B;ad Debts •. . ..•. . .. . ••.. . 175.00 

debit of $10215 posted. Eatlmated RecoverY Valu • • , •• •..•••••• 18,83]i:i $1,800 



Receivable , Account. Receiv;Jble 

• Allowance for Bad Debts , Md.e. Inventory (at beginning) 
10 Furniture and Fixtures 
11 Allow. for Depn.-Furn. &. Fbet. 
20 Notes Payable 
21 ~i;:~~~y~~re;Jble 22 
30 John Allen, Drawing 
31 John Allen, Capital .. Saln 

" Sales Return. &. Allowance. 
<2 DI.count on Sales 

" Purchase. 

" Freight In 
52 Purch;J.e Return. &. Allow;Jncea 

" DllCount on Purchasea 

" S;Jlulu- Salumen 

" Advertl.lng 
62 MI.c. Selling Expensu 
70 Salarlu-Office 

" Rent 
n In.ur;Jnce 

" Taxes 

" Mllc. AdmInistrative Expenles 
80 Interest Expense 
90 I nterest Income 

" Rent InCOme-(IUb·tenant) 

100 Profit and Lou 
6 Mdse. Inventory (;Jt end) , Accrued Income Receivable 
8 Prepaid EJcpenles 

23 Accrued Expenses PaY;Jble 

" Unearned Income 

" B;Jd Debts 
15 Depreclatlon-Furn. &. Fist . 

NET INCOME .............. . .. 

30 
21 

2 
10 
25 

1 
12 

89 
310 

15 
5 

2<2 
2 

" • 32250 
11500 
5200 

18350 
2< 000 
21" 
2500 
1800 

800 

,a) 

,a) 

650 

100 

15500 
52" 

242900 
2100 

32 
11 
5 

18 
2< 
1 
2 , 

370500 

14700 

"" 

1 500 
, 000 

32000 
32 

428850 155 

S;Jle. Return. and Allowance. $ 15,SOD $370,500 
Discount on S;Jles 5,250 

Total Deduction. - - -
NET SALES REYENUE 

SOLD : 
Inventory--Jan.l, 19_$.242,900 $ 30,850 

~ 
a: Total $245,000 
w Leu: Purch. Ret.&'Allow.$14,700 

~ I Discount on Purch. 4,150 
a: w Total Deduction, ---~ 
~! Net COlt of Purchases 

:111::::. Leu: Merch;Jndiae I nv.-Dec. 31,19_ 
Q '" lij~~~g~~~~~~~~~~~~~~~~~~~ 1 Cost of Good, Available for Sale 5 ~ con OF GOODS SOLO 
CII' a.. GROSS PROFIT ON SAlES 

i:d OPERATING; EXPENSES: 

::c JOHN SE~~ll~~le~~~~f!:.:nen $ 32,900 
11,500 aALANa SHUT DECEMBER 31 , 19 _ Advertising 

ASSETS M iscellaneou, Seiling Expense. CURRENT ASSETS : 
Cash 
Notu Receivable 
Accounb Receivable 

Leu: Allowance for Bad Debt. 
Estimated Recovery Value 

MerchandIse Inventory 
Accrued Income Recelv;Jble 
Prepaid Expenses 

$62,500 
~ 

$ 7,500 
20,000 

61,250 
32,000 

100 
~ 

Total Seiling EJcpen.es 
~ 

AOMINISTRATIYE EXPENSES: 
Salaries-Office $ 18,650 
Rent ($24,000, less Income, $6,000) 18,000 
In,urance 1,500 
Taxes 2,500 
Depreclatlon-Furn. &. Fixtures 2,000 
Bad Debts 1 ,BOO 
Mlle. Administrative Expen.es 7,800 

S 49,600 

TOTAL CURRENT ASSETS 
fiXED ASSETS : 

Furniture and Fixtures $21,000 

$121,500 Total Adminl.tr;Jtive Expen'H --- 52,250 
TOUL OI'ERATING EXPENSES 

Leu: Allowance for Deprecl;JUon 
OE'R£CIATEO COST 

TOTAL ASSETS 

UABILmES 
CURRENT LIABILITIES : 

Notes Payable 

~~~~~~~y:brcable 

4,000 

$10,000 
25.000 

1,100 

17.000 
$138.500 

OPERATING INCOME 
ADDITIONS TO INCOME : 

I nterest Income 
DEDUCTIONS FROM INCOME : 

Interest Expenle 
NET ADDITIONS TO INCOME 

NET INCOME 

$ 1,500 

~ 
'00 

$ 23.500 

,~~" ::'!~~~~ .~.~~'~ RECONCUAnON STATEMENT. 
BANK RECONCIUAnON 

$3,240 IALANCE- Bank BALANCE- Books 
Add: Deposit credited 

on books for less 
than correct amt.: 
(Subtract, If more) ~ 

$3,330 
Item. collected by 

Sub/rocl: 
Outsbndlng checks 
1126 $ 60 
1140 70 
1141 (certified) 100 

$230 
Accrued Expenses P;Jyable 
Une;Jrned Income 

TOTAL CURRENT LIABILITIES 

CA,nAL : 
CAPITAL 

John Allen, Capltal-January, 19 

1,050 -
$89,600 

" ""00 1 ~[~~t~~~rtj,ntj[}~~~~{~:!jl;f~1~;~i~~~:~1,~r~~~~~ II S"bl,~b~ank but not en· 

tered on books 

ch;U"ges not 
entered on books 

• 
10 

Leu: 1141 (cert.) ...!!!: 

Amount cred ited 
by bank in error 
(Add, If charged) 

Net Income for 19_ ' - $23,500 
Leu: Wlthdroawal, in 19_ 12000 

Net Increase in Coapital ~ 
John Allen, Capitoal-Deeember 31, 19_ 

TOTAL LIABIliTIES AND CAPITAL li!~~~~:~~~~l~j~~~~~i~~~~~~t~t~[~~~l~f~~:~11 Add: Recorded deposit, not $3,4 
101,100 yetlirtedon statement 7e 

$138,500 AD'USTED BALANCE" $4,14D ADJUSTED BALANCE- !ill 
= 'These should be identical In ;Jmount. 



a. IMPREST PETTY CASH FUND. 1. This Iype of fund to ascertai n which Items and 
set up to pNl,lde for all mlnOf dlsbunemtnh thai are likely ".Co."-:"" ','.om, ....... ',. ~:.P~~o.{,.~."" .. '".=.n'd' 

!~!:: I!~li~~i~~~f,~~~~~~ii~i~~~II~~~~~I;~~ on purchaH" and/or H1Itrs. 

be mlde within I short period (usually not more than n ~ <lIlU .... " .... 

Ind that cannot conveniently be made by check. When any A monthl,. sumnury of Ihe 

Ori'ln~~it;e~~~,.~~.~~~~U.~~~I.~ ~nc~~.' . t.~~ .~~~~.~ . 
Cash .. ...... .. .. .... -............. .::::: : : : : : .. ~~:~~.~ 9,150.00 

2. A reverse entry Is made If the fund ls decreased or 1,050.00 
No other entries are made In the Petty Cnh account. ....... 366..00 

nndum rtCOrd of peny cash dISbur;,m~'::":;1S1'i"~:'~~ii~)~0~~:~:I~,~~:~~~~~~~~~~~~~~~~~~~~~~~~I!~~;~~~j~j~~~{~~~~~~~~}~~~'~jm~'~",~;d~'~"~'~"~d tal ned SO that each lime the fund Is ] 
the U"pendltures ma,y be made to 
Cuh DI.buntmtnh Journal, such 

Stationery 
POtitage . 
Carlares .. . .. _ ... 
MiK-ellaneoul Expense 

C;uh 
C. The established amount Of an Impre'S' fund should 
be on hand u cuh and/or unrelmbursed expense vouchers. 

IEiiI A:C;~CO!UtNIT~'!NiG~F!OiR~N;E;G~O~~T;'A:.;;LE~'.N.S:T~.~U~M:E~N,T'S~·~~ I!~~~~~~~~~~~l A. CUSTOMER'S NOn REarYABlE 
1. 

. ... 1,000.00 

(The same I ..... ·::c,, · .... ;: .... ::;·.'C ·.:CC::.:: 
2. COUECTION Of A NOTE AT MATURln ·.~~i_'.~~'~!.: !O.!:~'l:;~~.''-!~ii;!:.~·~~~ 

Cash . ............. . 1,01 0.00 i~~~.\~~!~£~::~t~.~;:,~~1.~'~~~~)~f~)t~~~;;; II ::.~~:~~::;~:;; Natu Receivable .. . 
I nterut Income . . .. .. ....... ... .. 
(I n thll cue, the note Wal for 60 day. ······¥oii~~ · ,i"!.;';,;!",~.,.;, ' l 'nl :Ta~ ' Payabie 
at 6%) 

J . DnHOHDJI Of NOTE JlECEI YAB LE AT MA TUR ITY 

Accounts Recelvabte- Maker .. 1,010.00 1 J.~~~:~~~~~~~~~~t~~~t-~~~ Notes Receivable ...... . . 1.00~.~~ 
Interest Income ... ' .. ' .. . 
(Maker II charged with face of note 
plus- In thit colO- 6 % Interest ac
crued thereon for 60 d;,ya.) 

4. Of A NOTE IEfORE M"'URITY 

(Thls·;~:~;~~~~~~t)!~~~~::~II::'~b:II~';:tyt:.:~nd 
(rom tl 
B. I$$UANa OF NOR TO CREDITOR. 

1. ISS UANCE Of " HOTE 
Accounts Pay;,ble- Credltor . 2,000.00 

Notes P;,yable .. ............. .. ... .. 2,000.00 

(The same entry Is made whether Interest·or non.l nterest_bearlng.) 1!~;:~i~:L~1;;:;;;!:\tf.::~:':~!~~[~::;~~i':.~;~;~;~ 
2. P"YIiJENT Of NOTE AT M"'UJlITY " •• , . •••• _. ;"i.H~lfij'l'~~~~if~:. Notes Payable . . .... .. 2,000.00 

Interest EJipenle ..... 10.00 

CaI~hi ',;oii ·wi.i·;or 3O'd~Yi'at '6%'.; ' ~'P""~!':. ~ ....... :.-.. 
c. DISCOUNTlNO OF OWN NOn AT lANK . 

1. ISSUANCE AND DISCOUNTING OF NOTE 
C.lh .................... 1,485.00 
DllCount Expense . 15.00 

Notes Payable ................ . ...... 1.500.00 
(The bofT'Ower receives the race of the non·intered·b .. ,lnc note, 
less- In this cue - the 6% discount for the 6O.day period thercof 
computed on maturity value.) 

2. ,AYIiJENT Of DI$CDUNTEO OWN NOTE AT MATURITY 1~:,~:,:~~l'.~~~~I;i::":~~;;.~ Notn Payable . . . . ... 1,500.00 I~ 
Cash . .. . . . . . . . . . . . . 1,500.00 

iii YOU(;HER SYSTEM . 1. Used as a lobor.souing d~uict In 
rteordlng and paying crodltors' Invoico!. 2. InvolvO$ Internal con - " : -" O~ciHE'!!-' iO~ 
trol (automatic detection of errol'S and prevon tlon of 'rlud) which --..... ,_:::: 
requires at loast two persons to perform undupllcatcd work or l ;;i.-;;;d··,r;;~;'i~ .. :;';;~h;;·:~'''-b' 
tach transaction. ) . In con nection with purch.s'nl". Ihe ordering, 
Tl!criuing, storing. rrccrding. /JtJJIing. otc. , oro handled by dl lteren l :;·: .. ;;:; ·_-.0:: .. ;.;·;:: ' ,,"; 
persons, Ind Iraud Is largely ·ell mlnated lIS a result. 4. Approy,.1 I ~;~~,;tilbl;; ' l"'~,;';~",;,,;'g-~;i :c-.-. ~.: ... " : ... " ".:_:.:: ..... 7:;:.; .. :.
tor 'Mtry Is bl$Od upon receipt of r,oods af ter proper ordor, verification ~;'~·;i~,";·;,;;,,;"·'i:,p;i·';'III:;'hl,;h ii;;",I0,;';;'·",·,,·, ~;;:; "";. " ·':~~:~~~:~'I·i;::;f.::~;~~;'!~~::;i Of price charged, of discounts allowcd, and of Invoice eltenslons . ' ,0 . ... ,.,." ....... ", ....... " •. : ... , ........ , ... 
and additions, 
A. VOUOIER JAc:tcm AND VOUotER. ....ckeh are used for nllng ...... , ........... ,,, .. ,.,, .••. • : 
Invoices, purchue ortiers. receiving records, etc. Sometimes show ' ···"·,:::·:,:'-'·. :O.: -.,"C" 
details of transaction on race. Provide space for signature of those 
who approve for entry and for payment. The Jacket, with contents , ::·,,::·, •. C 
above referred to, constitute a ,oucher. 
B. VOuot£R otECK. Chock In payment of transaction Is some· 
times prepared simu ltaneously with vouther and Is nled away 
according to date when payment Is due. At that time It Is s ' c:ned IA~;;;:;t.P;;""'; ·;'''';;;'(!'.,';'~i;'~!i'';;~';i~,i~~;bi~,~,:;i,,~~; 
and mailed. I W'''~'~' .," ",,,,,,,,'" .'" 

lI!l VOUCHER REGISTER. This [5 used for recortilng vouchers 
applicable to all Items requiring payment, such as pUfclul$H and 
upenH Items (61eept those paid through Ptttv co.rh), and Items for 
which Invoices are not received ('a/aTin, expen.re oduancts, maturing 
notn and other obIigation.r, reimbursement of ptffV ca.rh, elc). Re-

i~!ro~'ld!'l'1"\'hl,~~~,~,;pre~"~"l'~I'~'i';"~Ur"~'~~'"~d~,~,~,~p')'im~";':" ;';':';m~';di"~~~~~~~~~~~~~~~~~~~~~~~1 these lIabJlltle(~'~"~~d~"~'~"'~:';1';;d::. ~I~r A. ACCOIMT 
determined by 
.f accounh Is 

account to be EXPLANAT[ON n~~~~~~~~~~~==~~i~~~~~~~~~ i~1 
Inv. of 1(2 zo .. 

l~·.~~~~:~~: :· :· : : I Ad\lerti l ino 1/17 :-01'"'1:. Payroll to 1/1 1/15 ;::~d 
~nnvA~fa%! :;- ~ 
Payroll to tIll 
Duk 



:;:~~~~~~~~~~~§~~~~~~~~~~;!~i!!!I!i!!![I!!!li!I~I~;~~~111111~~:ei'i,!a~a, Stoek- SSO par " .. Iue ..... . 

Capit.l Stock- S25 par value . .. ... 20,000.00 
(For iQue 01 2 shares of S25 par value 
for each share of $50 par value.) 

TJlf~SaU.~Yr:"lt~~~~i~JBE:a ~~:I~~t~~~: . 5,000.00 
Donated Surph... . 5,000.00 

1 :~l~i:~~i~:{~~:~ii;;~:m~:;~:i;j~~~~~~~:~~~jr~~~;d:~1 I s. tA~:,t~ ~~~.~~~~ .":,,,~S.~~~ .'.T.O.~~ .(~.E.L.~~ '~~Joo.oo Donated Surplus ................... 1,000.00 
Treasury Stoek. 5,000.00 

(For Balli at $80) 

~~~~~~~~~~~~~~~~~~~~~~~~I T. TlI-M'~I·uYr:T~t~~:~1~~E:a~~:~Re~~~~~ . 3,200.00 

l i~;:r~~)~~r.(~~~?~~;~~l~:~ Cash . . ..... .. 3,200.00 ;.' ;;~;~~;~~: , : :i;;':~~~~:'~~: :~;, I ~~Or~::';~ r~~ USI~~ . . . . . . . . . . . . . . 3,200.00 
Restricted Earned Su rplus 3,200.00 

l
i;~~~~~~~ ' (To reduce surplus available for d lvi-I, dends by amount of stock purchase.) 

l~~:;,~~;Ji:·~~.;[:'~::~~~i:if.,~;~~~:~,~~~ entry made for crediting U. ULE OF PUICHASEO TlEASUIY STOCK. 
Income Is: Cas\~~·s"u"rY S't~~i.:.: 3,600.00 3,200.00 

10,000.00 Paid- In Capital .,. .... ....... ... 400.00 
6,000.00 (S ... le of 40 sh ... res ... t $90 ... sh ... re with 

and Lo .... .......... . 
Partner A, Dr ... wing . 
Partner B, Dr ... wing . 
Dlvilion of 60% to A S 6,000.00 

4,000.00 
$10,000.00 

4,000.00 result ... nt prollt of S10 ... share.) 

incom~ per 40% to B 
... greement: 

, 
and/or entry, 

10,000.00 

stock.) 

I . "~~~hO.F.. . . . . . . . . . . 6,000.00 
Capltil' Stock .................. . 

(Entry is made for no par value stock 
when sold, or p ... r value stock when on ly 
a pro lorm~ s tatement is shown at 
time 01 organization.) Capit ... 1 stock ac-
count. ... re set up for each cl ..... of stock. 
Cash ......... , ....... , .. . 6,000.00 

lollo ..... s: 

10,000.00 

C ... pit ... 1 Stock Unissued ... ..... 6,000.00 
(Entry is made when ... uthorized stock 
is recorded ... t t ime of org ... niz ... tion.) 

'~ . ~~:i¥:~;'~~!~~~~,~!~~:~: I ' U~~stF ~~O~~. ~~O~.~ ~u VALUE, 6,600.00 
';,~,;.:;,,~~;~;:;,~, : ~~~tl~~~~~apjt~'I 'Stock :' ..... 6,~:~ 

(P",mium i, part of paid-in capital or 
capital lurplus.) 

UlE OF nOCK I£LOW PAl VALUE. 
Cash .. . . .. . . . . . . .. . . . . 5,400.00 
Discount on C"'pital Stock . 600.00 

Caplt ... 1 Stock ......... ,............. 6,000.00 
(Discount appe ... rs on bal ... nce sheet a$ iI 
deduction In Stockholders' EquIty section .) 

L,....-"''-'''''"'''''-'''';+'7.,"",''''-''O'' I E. IUIlCllnlONS IECEIYEO. 
The 81cesS credited to W Subscriptions Receivable .. ..... 5,000.00 
'haring ,alio (equal since Capital Stock Subscribed ........ . 
,harlng). (1) INVESTMENT (Tne Subscriptions Receivable ... ccount 
capital balanees of $9,000 reprelents the balance due from sub_ 

a:: . '10,000 to acquire II 1h Interest scrIber. on lubscription,; the C ... pital 
~ ~ IA Interest, $20,000 Is the value Stock Subscribed ... ccount reprucnu 

!!: ~ of the * Interest or M and N. F • • ;~:~:r sOufb~~~:;O;o:us~~~~il"'~:!1. ..... :a: M's and N'.lnterests are carried Calh ....... ........ . .. ..... 5,000.00 = ~ at $17,000, understated by SJ,OOO f~~~:ff~~~~;; 1 Subscription' Receivable ...... . .... . .... . . 5,000.00 ~ w and P's admission Is recorded as: I . ISSUANCE OF STOCK TO IUBSCIIIBElIS ON PAYMENT FOR nCH:K. 
i= b Capital Stock Subscribed ........ ,... 5,000.00 
z z: If goodwill Is not recorded, P 15 9,000.00 C ... pital Stock . 5,000.00 
~ i credited with one-third or the 500.00 N. 'UIICllnIONS OF nOCK AT A NEMIUM. 

"

c u; combined assets as shown: 500.00 Sub.crlptlon, Receiv ... ble . . ..... 5,500.00 

a:: ~ M and N are credited with ~::.!:i ... J;~~rc~~?t:t~~c!k 
~ ~ to him. (4) INVESTME NT Subscribed . .. . .. .............. . 

;::t~~~:~~~;I~~I:i~r:h:~ &~~~r~~ .~~~~ . ~~~~~~~~~i~.n. ~~ .~~~:~~ . .> 5,500.00 
WITHOUT INVESTMENT. Subscriptions Receiv ... ble ....... . 

~~~~~~\ S~OcCnk SUub:~::i~~~ . i~ . ~~l.d:~ . 5,000.00 
Capital Stock ......... " ........ . 

~ ~e,:~fJ;~~n Cs ... t:Ft~II~!~~egJbSCribed . 500.00 
- Premium on Capital Stock ......... . . 

~! i~;~~~r~~1¥~~~~~~i~1~~[~{~f~~i~~'~C:~1:~:~'-~'J~'~'!~~1'~~';~"~' I' I ' u~ENnEt;~'U~~~~is;,oclkri':I~~e~~il~~~. full .) 
;!! Profit ilnd Lon ..... . 7,250.00 
~ a: Earned Surplus . 
¥: ::I net Income at end 01 

~~ '~::~.f~~~~~~~~~~~~::~~~~: I :~~~i~~~~~~;~; ,~~ C>~ ~:;:~.;~,h~~':i';r~"~~;:~~::'~ 'Ji;~"i;i~~i.:;;:~~~;';;i::;,~;;;;u -·':O-' .'·'~'"'C 

Ula: 22,000.00 

2'" 6,000.00 
-II. 6,000.00 

"" 12,000.00 

,;;,~,;, •. ,y ; 
's~~pius :' ........... 1,000.00 

FIIO .. API'IIECIAT10N OF UUTS. This Is created when 
of assets Is Increased to their actua l va lue: 

- • . '~ ·.·. ·,,_c· 'i,:o,;,' :o:pp,:,;c·. ·O; AsSets :., . ~~, .~.oo 30,000.00 
(In lome sUtes dividends m ... y be paid out 01 such surplus 

Restricted Earned Surplus . 3,200.00 
Eilrned Su rp lu s. .. . .. ... ... .. .. . . . . 3,200.00 

(Rerpoves restriction on sale of stock.) 
V. TlEASURY STOCK CANCELLED AnEi ACQUISITION. 

g:~t!:l ~~~~~~~ ::::::::::::::::::::: 5.ggg:gg 
Treil,ury Stock (50 sh ... res of SI00. . 5,500.00 
par va lue stock purch ... sed ... t SI lO.) 

Restricted Eil rned Surplus . 5,500.00 
Earned Surplus.......... ... ........ ...... 5,500.00 

(Removes restriction upon stock canceU iltion.) 

8/1/68 Bond IntO""t Expense . 

,n 
when 

purchase prloe: 
,010.00 

1,000.00 
10.00 

12/31/68 Bo~~S~~t~;';~t Expense ::'-'-'-" ·i:5lXi.oo 
',000.00 

2,500.00 Accrued Interelt p ... y ... ble . 
(For 5 months' interest.) 

Premium on Bonds . .. . .. . 
BOl'ld Intorest Expense .. 
11 / 12 of 1/5 of $2,000) 

366.61 
366.67 

Profit ... nd LOllS .......... 5,133.33 

~~:;;~;;,;: I ',"'.'n,' "". ".~Bond Interest Expense ....... . (To close to Profit and Lou) 
thereafter $400 of premium Is written off. 

~II. 
1,000.00 20 1,000.00 g2 i 

if it represent, an ... ctual 
Y. SUIPlUS Ao.1UnMUn. " . .•••.• ,_.- -.• . • . " 

Income fo r 

5,133.33 

2,000.00 
1,000.00 
3,000.00 

(pac!ment of '; ~rt~~~$; lo· ... ·ni, ·'·iabiiitieij 
A, ... pltat .... ,.,............... .... 4,000.00 
Cash ..... .... , ........ , ... . 
(Llquld ... tlon of c"'pita l a/cs ) 

6,000.00 

4,000.00 

I . 1[fII OIEMf OF A ',""TNEI. Find va lue of 1\11 assets; adjust books 

:~:~~o~~t t~~e p~[r!l~e~h~s e~~~~ X, Capital .... 12,500.00 
Is shown, as at right: Cash . . .. . 12,500.00 

If payment Is not made in full at x'ce,'." .'.'.' ... 
once, a IIlbillt,. Iccount Is sub- h 
stltuted lor the partner's capital Due Ret iring 

account as shown at right: L"7.!'~'!"~"~'!'"""C~7"'7c!.".'!!~ 
C. OUTH OF A ,AI TNEI. Find \'a lue 01 all assets; adjust books thcreto. 

Then the balance In the deceased plrtner's cl pltll lecount Is closed 
Into a Liobilillllo Estate of Dtceased Partner accounl. 

Bonds are sold at a dlsoount on 4/1/68: 
98,000.00 
2,000.00 

10/1/68 Bond Inte",s t Expense . 2,000.00 

12/31/68 Bo~~Sr~te~~t Ex·Pe"~s.; .- .... : : : .. i :000'.00 2,000.00 
Accrued In terest P ... yable.. 1,000.00 

(For 3 months' interest.) 
Bond Interest Expense . 300.00 

Diseount on Bonds 300.00 
(3/4011 / 501 S2,000.) 
Profit and LoIS . 3,300.00 

Bond Interest Expense . 3,300.00 
NOTE: con OF IU UING BONDS. This Ineludes legal fees, costs of prepar

Ing and seiling bonds, stamp tax expenses, etc. The tots l Is wrltter 
off over the lire of the bond In same manner as bDnd dl$CDunl. 



1) fDa A SAlE AT A LUMP SUM. Thllentryls same as for a sale aftor ANDREWS MfG, CO., INC. YIA.l ENDa» U/P/H 
.:Jill REACQUIRING BONDS. Bonds may be reacquired for rosalo aS50t revaluation, provldod goodwill Is not firs t ",corded. If good· STATEMENT OF OROSS PROm ON SALES 

or for cancellation. 1/ CGnctlltd. tho TrenUTJI Bond. account, which Is will i. r.corded, it i. fir , l ntf tUIITJ( (0 crtdit /larlners in their profit- NET SALES .......... . ......... . ....• . .. . ................ $245,000 
debited when bonds are reacquired, Is closed Into t he Bonds Pal/obIt Imd-Ion.,haring roliol with the amount of goodwill agreed upon, but con OF GRon SOLO: 
aceount and the bonds may no\'sr be sold again. In the caso of acqulsl- this lI'oodwlll Is Immediately closed out together with other asse ts In V1lntory- Flnilhed Good. ('/t/68) ... . . .... .. $ 50,000 
tion at par, the entry on 4/1/68 Is : by a debi t to Ve ndee's account . Inventory- Work-ln-PI'O(:eI' ( / /68) . .• 20,000 

Treasury Bond. Payable Raw Material s Con. umed: 
(5~ , due 1/1/77).. .. . ...... . 10,000.00 l&J INCOR'ORAnON OF A IUSINESS. First, all income and Inrr/lti;:)'Raw Material. 

Bond Interest Expenae ... . 125.00 exp, nft accounts are closod out. Then, If same set 01 book~ Is used, Net Pureh~'~I·: .. . . .... . :: : : $~:ggg 
C.u h . . . ....... ...... .. . ...... . . ..... .. 10,125.00 organlu Uon 01 the corporation Is recorded, and the Ca/lltal Stock Freight In . ........... ... . 5,000 

(Interest aeerued from 1/1/68.) accoun U are . ubstltuted. lor the Capital accounts of sole proprl- li2.iiOii 
If bondS are cancelled, the unamortlted portion of the premium or etor or par tners. When a new set of books Is used, the el lsUn.:: nnn Inventory- Raw Materiala ,000 
ttlseount on bonds applica ble there to Is clOsod out.. record. t he transaetion as a h. le to the corpora tion, and the lallet (12/31/68) . . . .. . .. 27,000 55,000 

opens its books bU " cordin9 ils own Or90ni, otian ond iUue oj stock DIRECT LABOR ............... 70000 
U!.I 10NDS ON BALANCE SHEET. A. 80UAL The bonds shou ld in udJange!a, the an ets reuiued, Irn the /illbililiu <usumed. Thl . .. ANUrACTURIMS EX;EMSES; , 
1)8 described IlS to type, maturity, In teres t rate, and as to whether method keeps each ent ity separate. Instead of receiving cash from Rent . ........................ $10,000 
secured. They appear under heading " Lont:"-hrm Llabilltln " to extent vendee, the following Is recorded on the books of M and N, Vendors: Power . . . . . . . . .. . .. . . . 7,000 
tbat tbelr matu rity Is longer tllan a /J N r from ba la nce sheet da te and Stoek of XVZ Corp.. .. . . .80,000.00 Indireet La bor . 25,000 
mder "Curnnt lIilttllltl .. " for any tha t mature witllin a /Jea r. XVZ Corp., V~nde1l . .80,000.00 Inauranee .. ..... 4,000 

Equ ipment Trust Bond.-5~, due M, Capital . . .. . . .... ::::::::: :50,000:00 ' Factory Supplies . ........... 3,000 
4/ 1/73 N, Capi t al . .. . .. . . . .. . . ...... 30,000.00 Depreeiation of Maehlnery. 7,000 56,000 

Authori zed . ... . ...... . ....... $500,000.00 Stoek 01 XVZ Corp. .. . ... . .. .. ..... ... .. .80,000.00 Tota l Manufa eturing Charg~. S201,000 
Len : Un lpued . . . . ..... 100,000.00 (For di . t ribu t ion of .toek among partne .... ) Inventory- Work_in_Proee .. (12/31/68) . 38,000 

lu ued .. . ... $400,000.00 The corporation records acquisi tion of assets, as shown below bu t Coat of Goods Ma nufaet ured ....... . ... . 163,000 
In Trealury .. . ........... 40,000.00 prn ioul l, .. iltinr Allowanu atcounts for depreeiated an eb Good. Available for Sale .. ......... . .. .... $213,000 

OuU tand ing . $360,000.00 :~~~'uu:f~~~:!e~~'pl~:~!1r '~~a~e~~I~~u~~~~~u~t~~ Inventory- Finl, hed Good, (12/31 / 68) .•• ... ... 43,000 
I. DIICOUIfT .."D "EWIU" ON 10NOS 011 TKE IALANCE SKEET. cause lbe vendee corpora tion Is In etrect buying assets for whlcb, Co. t of Goods SOld ................ . ........ 170,000 
1) DISCOUNT: Listed. u nder DefelTed Chare". Th is Is not a cu rrent II t hey were acquired In t he usua l course or events no allowance " I~',S~S .'~"~'~'~T ~'~H~S~'~LE.S~.~. ~. ~. ~ • .•.•.• .•.•.•.•. ____ •. .•. _ ..•. .;._T5~.000_ 
aaset since It would not requi re t he use of curren t a. sets, If no t pre- accoun LS would be set u p. Thus, In a ll the situations described, 
paid, during t~e curren t operating cycle. (2) 'REMIUM : listed under purchase by any vendee Is recorded In each case at net Amounts. UElI ADJUSTlNG ENTRIES. 
Deferred C" d ltl.. However, In the caH at iletountl rlteivable, the Allowanee ae- 'nveM,n~?ry,-'t~,',.~.M. '. t. ,. ,." .. ' •......................... ... 27,000.00 
t. rulCKU£ OF 10NDS AI AN UtVDTIlEIfT. (1) 10NOS AIlE RECORDED AT eounl Is used by vendee since t he latter Is not able to de/ermine .... fa .. .. . ................... 27,000.00 
' .. OUNT ' ... 10 INCLUOING ALL CO .... ISSIONS AND cons. Any discou nt wllicll indil,lidual accounls will become uncollectible. To set up Inventary at 12/31/68 

~fu':t~l~nrr; :t ~~lf~t~ens~sl~~O;'C:~~r::!ul~t=I~~ t=r~C:I~fto:e:~ :'~:~~~'d~e~~:~~~o;Y:' ... .. · l~, ggg·gg I n~~~~I~~~r~~~-.I~ ~~~~~s.,:: . ...... :: .... :: : ~'.~:~ .. 38,000.00 
the purcbase date and the date of maturity. Mat h inery .. . .. .. . . .. .... · ···· 7:000:00 Inve~io'r;~_~WI~i~:J~~~~2/31 /68 ...... 43,000.00 
~?SlS 2~ ;~em~~ I Bond Interest Income . .. ........ 150.00 Account. Payable . . .. ... . 8,000.00 Profit a nd Lon......... .. ... . . . .. .43,000.00 
ontJOnds maturlng Investment- Bondi . ........ .... .... 150.00 ~il~~:I~of~k Ba~ . ~~~: . .. .. .. .. . .. ..... 2~:ggg:gg Dep,J~~~~~i~:;~n~0~:,~~~3t'/~~ .. ...... 7,000.00 
In 8 years afte r (For 1/8 of $1,200 premium.) ' Allow. for Dep'n- Mach. &. Equip. .. 7,000.00 
purchase, the yearly adjustment Is shown above. The clfcct of this I..Ii:..J MANUFACTURING ACCOUNTlNG. A. ELEMENTI or ..... NlIFAC- Col t .... ........ $72,000.00 
!nUy Is . to rtduce I Investment Bondi... ... 150.00 TlIIINa COSTS. These comprise m ater lell (which become part of a Salvage Valua ....... ....... 2,000.00 
[nleresllncome for Bond Interest Ineome . 150.00 produ ct ), dlreet labor (directly used to convert materials In to $70,000.00 
the perIod. In bond . .. nnlshod products),and manufaeturlnr upenses, comprising costs 10~ ..... .. ........ .. .. .. $ 7,000.00 
1lscount. the entry above Increases Interest Income lor period. Incident to processln.::, such as the de/ltedation of macllinerv, /lOwer, Bad Debt. . . . . . . . . . . . . . 1,000.00 'I IF BONDS ARE HELD UNTIL .. ATURITY _ tbo Innstment-Bondl aecou n t rent indirect labor (that Is not directly used on the material but Allow. for Bad Debt... .. . . . . . . .. . . ... 1,000.00 
,. II have been adjusted. by the annual ontrles In each case to tho l aeo perf~rmed In the lactory by foremen, engineers, porters, etc.): and E. tlmated a mount requIred . " i '3,000:00 ' 
va lue of the bonds. (3) Ir BONDS ARE BOUQHT IETWEEN INTEREST DATES, manufacturing SUllpllcs In allowanee aceount.. 2,000.00 
the lond Interest Ineome eteau nt is cllorgtd willi/he in(erest accrued I . COST 0' 10001 SOLD. I~ a manulac turlng nrm, this Is computed $1,OOif.OO 
ro the date of /lurcllase SO that It will serve as an olfset to the In terest to be the d ifference between goods alJOilllble f or sll/e a nd Inventory Salesmen' l Salaries .. .... 1,000.00 ::c ::c 
,.hlch will be received on the nex t Interest date for the full In terest of nnhh. d soads on hand a t the end of period. The goods available Indirect Labor . . ...... .. ... . . ... 2,000.00 Q _ 

~rlod a nd 01 which only the portion applicable to the period aft~ r the for sale cons Utute the nnlshed goods on hand a t the beginning of Aeerued Expenln Payablo..... ........ .. . .... 3,000.00 J: ~ 
purchase date will have!'OOn earned.(4) IF 80NOSPREYlou.n Y , URCHASEO the period plu s t he cost of goods m l'd. In other words, the ,oods To Nt up aecrued ularies at 12/31/68 ; ;; 
... 1£ UTEI SOLD_ the .cain or loss Is the dllference between the se1l1ng ave lia ble for Hie represent the jinislltd goods on hD.nd at the be_ Prepaid Expenles . . .... 1,000.00 1.000.00 5! J: 
price and the origina l purchase price adjus ted to the da te of sale by ginning of t he period plul the goods wll ich hal,le gone tllrougholl tile Inlurance .. ........ ;;::ar 
the amortization of bond premium or discount. !teps of proceuing.Th lS a lso presents a problem of valuation In that l"I~iU~"~'~"::'~~~d~'~t:::t2::/~'~1/~'~'~. ~o:::~~=::::~~~~::":~::":~. ~ ~ 
UI lYriCAL STOCKHOLDER'S EQUITY SECTION ON BALANCE ~1~S I~he:a~1:~u7a~St~~ngt:~:n!!'se !~;II~a~\:r~~I:re~~ direct labor, iJ[i CLOSING ENTRIES. The m anufacturing account Is used for E ~ 
IHUT. (See ACCOUN TI NG #2, Sec.! for I'(! m alnder of Balance SlIu l.) C. CDST Dr IODDS IIANUrACTUIED. This represents the total of: gr~~~t!~~~~et ~s:I~~ni~~~~~!fl~~~~t~~~~~e:~~t~~h~all~~C: : ~ 

CAPITAL COWTIIIUTED rOI SMAIES 1) Work-In-process at the beginning of period. (2) Raw ma terials ta bula ted In t he Intome Statement are a lso closed out In the usual i!!§ 1i! 
:O .... ON STOCK- UOO 'AR VA LUE put Into produ cUon: (.) those on hand at the beginning of the ma nner to tho pront and La" account. ....Vi 

Authorized . . . . ... 2,000 Ihare. . . $200,000.00 period, plus 0.) those acquired dur ing the period, less (e) those s till ~ :IE 
Unlu ued . . ...... ~ .hare. . 38,000.00 on ha nd a t the end at t he period. ( ! ) Direct Labor pul lnto process. Uil 'ROVlsION FOR INCOME TAXES. A. COlI'OlATION. The taxes ; ~ 
I .. ued . ...... .. .......... 1,620 .hares . . $162,000.00 (C) Manufac tUring ezpenses charged during the perlod.($) Subtract which are measured by income are charges aga inst the Ineome . arned. ~?C 
Sublerlbed- Not lu ued . . . 200 .hares . 20,000.00 from the sum of (I) thru (4), work-In·process (In all stages 01 The ent ry to set up lhasa t u es, whether they be Income taxes, fran-
I .. ued and SUbieribed . .. . 1,820 Ihare. ....... $182,000.00 product ion) a t end of the period. With only one product, cost of chlse t axes, or any others based on Income, are closed Into the Preftt f' 

Stock Dividend Payable each unit Is determined by div iding tota l cost by nu mber of units and LOll aeeount. I . SINGLE "OPlIETOISKI" 01 'AITNOSNIn. Busl_ 
To be laaued- 3/6/ 68 . . . :.:..:.!!. ,hare. . . . 8,100.00 p roduced. For differen t products, detailed cost records are needed. nass Income m ay be Increased or decreased by transactlonsoutsldo the 
I .. ued and to be IlIued ... 1,901 'hare. ......... $190,100.00 business. These taxes are not cbarged to the rr.ftt a nd Lou attou nt, 

Amount Received In Exuu of Par Va lue . ... 15,000.00 ~ GROSS PROFIT ON SALES. Tile diJferentt between 1lI1" bu t are shown as charges to the Capltalattount. wben taxes are pl ld 
Tota l Capital Contributed for Share. . . . . $205,100.00 rue"u. a"d tast of load. laid set In statement fonn, top rlgbt: ou t or bUSiness fund s. Not recorded when paid out of jlersonalfund,. 

IETAINED UININU: 
Free ..... ................................ $86,800.00 
Rest ricted tor Treillury Stoek Con . 25.000.00 

Tot al Retained Earning,.. . ... 111,800.00 .... rOl... ANDIEWS MFa. CO .. INC. WORK SHEET YEA. &10m DEClMIU 11, !HI 
TOT ... l .... . .. ... .. ............. .. . ... . . . .. .. ..... $3·'6,900.00 1-:-..,.r---::=:::C:::::::':::::"':T=::::::::-:::::=:-T:::;::;;:;:'::c:::=T7.;=:;;-;;;::C:=T.=';;;;:';;c;;;;;;;;;;r-:~:;;;:;-;;;;;;--
Le,s: Colt of Trea.ury Stoek (200 Ihare. ). . . .. . . 25,000.00 L.F. ACCOUNT NAME TRiAl BALANCE ... ruUSTIlENTS .. ... NUFAtTUII NG INCO .. E n ... TE .. ENT BALANCE SKEET 

TOTAL STOCKKOLDERS' EqUITY . . . . . ..... . . .. $291 ,900.00 1.:::.:.+----==::::c:::=:...--+..:.:=:.;r=:::::..+--==::;r=::.:.:-+-=:::::.;r:=:.:.+=:::::.::F==+...::=::::r:"":;..-
~~~un·tI Reeeivable ": . . .. . . . ~~,ggg ~i:ggg I..r::tI THE SALE OF BUSINESS. l. aEllEUL This may be elfected. by Invontory- Raw Mat. 1/1/68. 17;000 

:1~n!'~~~~I~:'m c~:: I~a:nu:y :~;~"1~~:~-:~lll oOrt :;:~;'ar~rJl )l~ Inventory- W.-ln-P. 1/1/68. .. 20,000 
usaU and mayor may not reQul I'(! the assumption of existing lIa· ~=~~~~~;:~~·~~~t~{~ : ~;ggg 
bllltias by the purchaser. A salo may result In either a gain or loss to Allow. Depn. Mach. and Equip. 
the saller and may be effected for casll, corporate stock, or b/J an" meillod Allow. Bad Debt • . .. 
agretd u/lOn. When In the sale of a partnership's busIness a ,al n Of Aecountl Payablo . . . ... . .. . . 
lou I'(!sults, this Is nrstdlvlded among the partners In their projil·and- WIthholding Taxes Payable . 
lou-sllaring ratio and cash on hand Is then distributed. In accordanco F. I.C.A. Taxes Payable . 
with tho adjusted capital amount balances. In the sale of a .I nl:le pro- Capital Stock ..... 
p rl eto~hlp the procedure Is the same as that for a partnership oxcept Surplus- Earned . 
that tho sole proprietor Is credltedor charged with entire gain or loss. ~~I;:hate'':':' Ra""" ' ;,, 'ate'riai~ : 
ts~:~~'!:'ullt r~It!H!I~A~~o~s ~:eU~~~I~~in~: the balance sheet of a FreIght In- Raw Material • .. 

Cuh ........ ....... . ... $ 5,000 Notel Payable .. .. . ... . . SIO,OOO 
Accountl Reeeivabla . . .. 50,000 Aeeounb Payable . . ..... 35,000 
Allow. for Bad Debt • . .. (3,000) Jones, CapIta l... 30,000 
Merehandl.e Inventory. 30,000 Brown, Capita l . 16,000 
Furn. & Flxturel . ...... . 10,000 
Allow. for Depreeiatlon. ( 1,000) 

$91 ,000 

Rent. . ....... . 

Olreet Labor .. .. 
POW(I r &. Light . 

Indi rect Labor.. .. 
In lu raneo . 

60,000 

1~:ggg 
70,000 
'.000 

23,000 
'.000 

[1) THEN, FOR ... SALE TO REYNOLDS AT BOOK VAlUE, EXCLUGINII CASH : 
Faetory Supp l i~I . ..... 3,000 

Reynold., Vendee... . . .. . . . . .... . ....... .41,000.00 
Notes Payable .... ....... . ............. . ... 10,000.00 
AceOunti Payable .. . . . ....................... . 35,000.00 
Allow. tor Bad Debt. . . . . . . . . . .. .. . . . . . 3,000.00 

Sa lesmen's Salarle. . 18,000 
Shipping Expense . ... 2,000 
Office Salaries . . ... 12,000 
Offlee ExpenlO . . . . . . .. . . . . 9,000 
Taxe. ...... . .... .......... 3,000 

12,000 
'.000 

42,000 
'.000 
1.000 

100,000 
59,000 

245,000 

Allow. for Depn.- Furn. &. Fixtures . 1,000.00 
Aecount. Receivable . .. ..................... . . . 50,000.00 
Merchandise Invontary .............................. 30,000.00 
Furniture &. Firtu re. . .10,000.00 

In terest ExpenlO .. . .... ...... ~~'g'OOO~:~~~~ 
_463,000 463,000 

Cash .................. . ..... ........... 41 ,000.00 

J one~ .. ~~~II~!'I~~~~ee: .. .................... :: :30,000:00 ' .41,000.00 
Brown, Capital ... . . ................ ....... 16,000.00 

Ca,h . ................... ................. ...... .46,000.00 
:2) FOI ... SALE An[l ASSET IEVALUATlON, EXCLUDING CASH : II the mel'
ehandlse Is deemed to be worth only $25,000, then elfect thereto Is nrst 
(Iven on the books by charging the capital accounts a ppropriately. 
(Whatever adjustments are requi red In any case are thareed ar 
, ,,til ted, as tbe situation requi res, to Ill'tlnl: tIIpltal a ttounts.) 
rhe sale may also be recorded as follows: 
Reynoldl, Vendee . .36,000.00 
Notes Payable ... . .... . . .................. .. . 10,000.00 

Inventory- Raw Mat. 12/31/68 
Manufacturing . . .. ...... ... . 
Inventory- W.-in-P.12/31/68. 
Manufacturing .. . .... ...... . 
Inventory- Fin. Gd • . 12/31/68 
Profit and LOll . .. . .... . ..... . 
Depreeiatlon- Maeh. &. Equip. 
Bad Debt • . . .. ..... . .... . .. 
Aeerued Expensel Payable .. 
Aecrued Expenses Payable . 
Prepaid Expense • .. 

Colt of Good. Manufactured .. 

'.000 

t.ooo 

27,000 

38.000 

43,000 

7.000 
1.000 

1.000 

7.'" t.ooo 

t.OOO 

27,000 

38.000 

43,000 

,.000\ 
1,000/ 

120,000 120,000 

17,000 
20,000 

".000 
'.000 

10,000 

70,000 
7.000 

25,000 
4.000 

'.000 

7.000 

228,000 

228,000 

27,000 

38.000 

50,000 

(
A 1,500 
S 600 

(
A 1.000 
S 1,000 

{s 600 
A 400 

S 19,000 

l,~:ggg 
A 9,000 
A 3,000 
OD 1,000 

A 1,000 

163.000 
265,000 

n.ooo 

245,000 

27,000 

38.000 

43,000 
43,000 

1.000 

288,000 

19,000 
3.000 

42,000 
'.000 
t.OOO 

100,000 
59,000 

'.000 

Amounts Pa ya ble ..... . ....... 35,000.00 ~ ~ 
Allow. for Bad Debt. .. . .. . ... . ..... . 3,000.00 Income Tax-22~ of $23,000 (1288,000, lell $265,000) . . .. . ... . . . ~ ______ ~ c .. .. 

~~:~,fca~;i:.7:-Furn. &. Fixture. . . J:~:gg Net Ineome .. 270,060 288,000 252,000 234,060 ~~~ 
Jones, Capita l .. ......... . ........ . .......... . 2,500.00 . ... .. .. ........... .. . . . 17,940 I~ 17,940 .... ~:; 

M~rthandIMllnvcntory . ... .... ... ... ... .... . . ....• 30,000.00 __ .L ________ ...,._..J. ___ J.... __ ..J. ___ t-__ ..J. ___ .L __ .J:':.: •. :OOO::::t':.:.:.OOO:::j'~:':':~=::1~":':' ... =: ~~: Aeeounb Reeeivablo . .. .50,000.00 .. 
Furniture &. Fixture. . 10,000.00 I. WORK SNEET DI.nIIUTION. All Items that must be considered In lone column Is genorally avallablo for tabula ting Cllpenses applicable 3~;;; 

r;ill hR~Yrioid·i, \j~~d~~ ·.· . ........ • .......... 36,000.00 .36,000.00 determination of the COlt of goods manufacturtd are extended to to a ll ofthllm, It Is customary to designate lelllnl .. penlCl by letter ~ : 
Jones, Capita l... . . . . • . . . ... : : : : :i7,sixi.oo· Manu'adu rln, eolumn, end a ll others reqUired In compu ta tion S, admlnl. tratlve .. penH. by letter A, other deduttlen. by letters 
Srown, Capital. . . . ..... . .......... 13,500.00 of· the nd income are extended to Intome Statement eolumn. 00, other Income by lotters 01, etc. Allocations to defJO rtmentl are 

Ca,h .. .............. .. . . .. . . .• _. .41,000.00 Sinoo some expenses a re shared by several departments and only made on Ille basil af lpace occupied, actual Ule b/J departmentl, etc. 



: Prof. J. Chiccarelll, Chairman, Bridgewater Stale College. 
Consultant: M. Cohen, Chairman, Thomas Jefferson H. S, 

... REAL NUMBER SYSTEM. A. RATIONAL. Numbers (+, -, 0) 111_ 
presslble as the quotient or two Integers tI/b, where b;!!O. E: .1 = 
1/IOj 12 = 12/1; -3.25 = -311t = -13/4. 8. IRRATIONA L. Numbers 

,, ____ --, ~~.';!".',~!':!'!!' ;'~ '!'Q?,~iRjiE.~Ol two IntogeMl. E: V2 '" 
": Because or the elevon 
'."",,"::':'::'."1 ~~~:;:~~~nal) numbers 

2. PROPERTIU 

" a > b, 
tIM" 

, 

" . k takes .. lues 0, 1,2, ... , (n-l ) 
E: Find tho three cube roou of 1. Sol: Since 1 =, +Oi = 
'I tos (O'+k, 360')+1 lin (O'+k, 360')], the cube root.;IIre given by 

11~[ eo.(k ' :60') +1 Iln(k ' :60')] =eos(k ' 12O')+r lln(k , 12O')fo, 
k = 0, 1, 2. In polar and rectangulu form: eos 0'+1 lin 0' = I , 

three cube roots of 1 are designated respectively as 1, w, Wi 

iiiI POLYNOMIAL OPERATIONS. A. RATIONAL INTEGRAL 
(POLYNOMINAL) EQUATION of degree n Is of Lhe form 

f(l:) = ao.n+al.n -l+a~l:n -J: + ••• +an_ll:+an = 0, ao;!!O, 
where n Is a posItive Integer and ao, ai, ai, ... , an-I, an are complex, 
real , or rational constants. E:/(x) = 3J:'-v2r'+xI/3-1l; = O. 

F::i~-'~;ti'~~.i~;:';,~~~;~~~li!i:;1 B. ROOT. Any value ot x which makes/ex) "vanish" In the equation 
Iv (x) = O. E: 2 Is a root of xl-2x~+6x-12 = 0, since 

l!~~~~~~~~~~~~~~~~~iii~:1 /(2) = (2)*-2(2)1+6(2)-12 = O. 

C. REMAINOER THEOREM. If a POlY. fell Is divided by x-r until a re-
',~r:;~:::~~~;;:::-7.-;:;;::';;::;;:"i::;-;:",:,-;:::;;;::~lmalnder independent of. Is obtained, this remaInder equals '(r). 
I E: 3xl-4XI-,I2x+lO 3J:1+2x-8+ -,";since r = 2 we also hav, 
Integer, % x-
,,= 24. = 11 = For n pos1tI",lntegers /(2)= 3(2)1-4(2)1-12(2)+10 = -6. 
~r,wedenne(") "' (") (") (") (") 1 D. FACTOATHEOR£M. ltr\sarootot/(d=O(l.e.,/(r)=O),thenl-t 

r ='I(n-r)l = n-r i 1 =n, 0 = n = . Is a factor of f(l). Conversely, If x-r Is a factor of/(x), then r Is . 
, 'H"R'. II I 

'" 
I 

"
root of/(x) = O. El : -2 I,., root of f(x) = xC-2x~+3l1-2 = 0 

. . n sapos ve n ier, .lncef(-2)=Oj hencex+2ls a factor of f(I:). E2: Forwhat valueoJ 
(1+,.)n=(",),"+(",)_n-I,+(",)l:n-111+",+(",,-,).,n-I+(""),n h will .-3 be a factor of Jl:1+hx-10x+12? Sol: Let f(3) = 0, and 

solve 27+3h-30+ 12 = 0, h = -3. 
Contains "+1 terms . Sum of the uponenLs In each term Is n, E. $YNTHETIC DIYISION. (Used to dlYlde I polynomlal/(x) by a dl. lsol 

() () ( ) () 
of the form X-f). 1. Wrlte/(x) In descending powers of x. 2. Arranll 

L, !~,k:~.':I ;;,'~: Icoe mclenLs are symmetrical since ~ = ~ , 7 = n:1 ,ete. the detached eoemclents (lg, (II, .. . , Cln-l, (In In order In a tlrst Une. 
" supplying an, missing power of x with a uro eoemclent, and write I , '~i~l~~,~,"!~~',i!~o):~'~' ~L'.~:~:3'~~· I : Elpand (a -2b)·. sol: Let x =a and)' = -2b. Thul (a -2b)' at the right. 1 . Bring down (10 In the nrst place In the third line 

:.. = a'+3al (-2b)+3a(-2b)I+(-2b)l = 101- 6a1b+'2abl -8b'. 4 . Multiply 00 by T , writing the product In the second line under a, 

product to ai, a nd write the sum In the third line, and 50 on, until l~~~~~~~~~~~~R~~~~~~~5~~~il ;~C~' ~'~"~'~"~N~'~'~'~C~'~E~"~IC~'~E~NT~M£THOO ' Slmpllf)"b'::'~:O:~h~':':~:~~'~~:,land their sum In the third line; multiply this sum by r, add th' finallY a product Is added to the last coemclent of j(x). S. The lasl 
sum In the third line Is the remainder ((t). The preceding sums art 
the eoemclents of the powers of X In the quotient, beginning wltb 
xn- 1 and arranged In descending order. 2 0 -1 +3 -5-3 
E: Dlvlde2J;4_xl+3x_Sbyx+3. -6 +18 -51 +144~ 
Sol: r = -;!m~~~~~~!1~::~-6)(1 2 -6 +11 --48 +139 

i~:~1~!~~i~~~:t~if~;1~'j~~ :~~:~:;:~:i~,~ will be all 
8=2. 

~n_'!.'~g . (X-tn) &Af~.~~*t1)l:£~i~~f; Wh';!~;;~;~~~1:~~;;';' '", oqu ... 

;;;~;;l::::;;!~ili~~~==~~~~~~ili~~=1 "'.-5~.i'4 •• iC:';;;:'4' = ~.doubl e B. CONm&ATE ROOTS. 1. U a complex number a+bl Is a root of the 
poly. equation 1(.) = 0 with ttal coemclents, then Its conjugate 

~j~[f=~~~~~~~~t:~~~~~~==la_b' Is also a root. If /(x) Is of odd degree It must have at least ont real root. £1: XI_XI+X+3 = 0 has roots -1, 1 + -.121, 1- .;fl. 
E2 : xl-2V3x+7 = 0 has roots -.I3+2i, v'3-21. 

Z. If the poly,equatlon I(l) = 0 with ra/iOMl coelTlclents has .+Vii 
-~:~-h~~~~~g~~:¥)h~~1~~~~~'71 as a root, where Q and b are ratlonal but Vb Is irrational, then a- Vb Is also a root. 

E1: xl -3~1 -3.+5 = 0 has rootsl, 1 + v'6, 1 _./6. E2: Form an equa· ____ -..L""""~"""-____ - __ .l.."""'''''~--__ --I t lon of lowest possible degree and with rational coefficienu., havin, 
as roots 2, l-i, ;lind 3+..15. Sol : 1 +1 and 3-Vs must also be rootl 

,~[~r~Ef.,;;~~;~J::~~:'~~~;F:~;~~g:~I; Form the factors (x-2)(x-l +i)(x-l-i)(x-3- .!5)(x-3+V5) = I " ~"'~.'! I and multiply. x' _10x 4 +34K'_56",1+48x_16 = O. NOTE. The quad 
ratlc factor for the roots 1-1 and 1 +1 (or 3+ v'5 and 3-VS) eoule 
have bei!n formed using .1-(rl+r2)x+rlr~. 

I = al+bl. E: Divide 4+1 C. RATIONAL ROOTS. If b/c, a rational fraction In lowest terms, Is I 
4+1' _ 5+1>11 _ 5 14 root of I(x) = aoln+al.n-l+alXn-I+ .•• an-ll+an = 0, ao;!!1 

by 2-31. Sol. 2-!r = _ ~ -13+i3I. with inttgrol coemclents, then b Is a factor of an and c Is a factor 0 
Qo. If 00 = 1 then any rat ional root of lex) = 0 Is an Integer and I 

E, GRAPHICAL REPRESENTATION. complex nu moor a+b{ factOf of the constant term an. 

1
~~~~~Sffi~IT~~~~~~r:~:~ .. ~::~ represen ted graphically as the point P(a, b) In the XY plane; El: The possible rat ional roots of 3Jt'+4.

1
-7Jt+2 = 0 arc ±1, ±2 or by the line OP from the the orIgin to the point P. ±1/3 and ± 2/3. E2 : The possible rationill roots of •• - XI + 2.l:I-

(X a.l. = axl. of reals , Y ad. = ads of Imaginaries) 4.-8 = 0 are ±I,±Z. ±4, and ±8. 
I----''''='-':,.;...c..''-''''''--''--'''''-;,;,,;,;;;,'''';;;;;''''==~ I D. NATURE Of ROOn. 1. Oucartu' Rule at 5l,ns. The number 0 

v'o:l+bl pOSitive Intgolillfl roots of a poly. OQ.uatlon/(x) = 0 with roal coem 
P(tI, b) clents either Is equal to tho number of variations of sign In l ex 

(r, rI) tI+bi [fe -x)] or Is less than that number by a positive even Integer. 
L::'::.J !~~~~~~~~~~r~~~~~~~~~~~~;~1 c+di ~ : Consider fOc) = 2~·+4xl+3.I_l = O. Sol: Hit) has one variatlor I=c-~~~=====~'-,.,......!!~=::::!:~:!!,=:;:!~q In sign, thus f(x)=O has one positive root. f(-lI)=-2x'-4xl+3x~- ' 

" '~TIDN;: Tho su m or two co mplex numbers 'I, b) and (c, d) Is rourth ::,st:.~n~!r:<.t~o~Sofha~~~:'~~~w!(~~~:~nhea:o~;;;!~:g:~i~ 

i;,I~;~'I~~;~~U:~::itr:i~f:~~1~:~fj'1~i,l;~i{;I:Fi::~~:!~ vertel of the parallelogram as constructed In Fig. I. and two Imaginary; or one positive and four Imaginary. : , ~~:~:'~~. r . 'OWERS or I: Repeat each other In cyclesot four: I, -1, -1,1: 2. Upper and Lower Llmlb 'or the rootl . Divide lex) = 0, witt 
II I 11 I. I I 00>0, synthetically by x-r; If 11= '1 1. =11':' =1' E: Express(l+I)'ln a +bl form. 1'=:' It: _.- Sol: E.pandlng gives SIGN or DIVISOR COEF~~~E:~~~rH~UE~TlENT NEI~~;R Rr:,,~ ~~~~:/OR 
'·;1 . 1' ;1. etc. 1+31+31

1
+1' = 1 +31-3-1 = -2+21. ,I, , - Itl.. .11""",." •• ,' greater than It may be 

G. POLAR FOAM. In Fig. 2, • = r COlO, b ~ .... a root. 
r(coIO+1 ,lnO), or 'lcol(O+5I' 360' )+ 1 .'iCli~~~ ,;,,~, -- -- - , It tel O!IU ea d Ie" than It may be a 
" Is a ny Integer. NOTE: _+blis called the" r I. nel_llve a ;:;:tlvll'o~ 7.e;o) n root. 

!~~~;~~(f~~~~;;::~~~~~~~~;;: l l. MODULUS (ABSOLUTE VAlUE): r =Ja+bIJ = 'EC. ;:Co:::",:;';d,:,C,:;.C+~2~,:;,c+2,~,C_::8;:'':_~5i'-:'=''''O", s~;:";~'f--'''''''------
2. AMPLITUDE (ARGUMENT) : Angle e such that tan e = bfa. 1 +2 +1 -8 -51..i 11 +2 +1 -8 -5L=.! 
E: For -2+21 In quadrant II r = v'( 2)1+(2)1 = 2.,12 and +2 +8 +18 +20 -3 +3 -12 +60 

".' C,' . 'O: I tan a = -1 so th at 0 = 135'. Thu, the polar form of -2+ 21 Is 1 +4 +9 +10 +15 1 , +4 20 +55 
. ,.,c.Ci', " ; i' 2 VI (eos 135' +1 li n 135'). we sec that there I, no real root greater than 2 nor less than -3. function f 



E. LOCATION or Roon. It/ex) Is a poly. with '~QI coomclonlll (graph 
Is a continuous curvo), and If, for real numbors a and b, / ( 0) and 
feb) haYo opposite .I,ns, the equatlon}(x) = 0 has an odd number 
of roa] roots between . and b . II J(o) and feb) have Ilk' ,llrK the 
number or real tools botween a and b Is zero or an enn number, 
NOTE : A root or multlpllclt.y m must be counted as m roots. 
E: Con,ider f (_) = 411·-b' - 3"z + 71t - 2 ;:: O. Since f(O) = - 2. f(l) 
= - 2, f(3) = 100, there are no root a or an oven number of root. 
between 0 .1nd I, and an odd number of roots between 1 a nd 3. The 
roots are 1/2.a a double root, 2;1t a .imple root; fourth root i,-1. 
F. IIEUTION BETWEEN ROOTS AND COEFFICIENTS. In tho poly. equation 
f(x) ;:: 0: -al/ao = sum of the rools , 

•• /ao = sum of productJ of roots laken two at a tlmo, 
-.,/ao ;:: lum of products of roots taken three a t a tlmo, otc. ; 

( _ l )n;; = produe ~ 01 aU tho rooLS. 

0, PEftMUTATIONS WITH SOME TH INGS ALlI(E, TAI«( N ALL AT .I. TIME. 
The perm utatIons P of II set of" thl",. "at I tin,. In whIch 
things Aro alike, n2 others IIlIko, n, others allko, and so on, 
E: How many different permutation. can be n l 
:!:~ j:t::!!C~ O!~~ t~~:e~:: ;i~k!her1l P = nl lna!n,! . .• . 

(~~ ~~ R~'~t: ~d P~-:: ~~~;::N~~ik~~~W~ ~ ~~:~conr Pw~:sl/~~ l.;;~~.i;,ii I 
n dlfferont objects around a clrele Is (n-1)1 
E: 8 pertOnl may be .eated at a round table In (8-1)1 

:1:: Consider 2J1I+Jl I-3. - 5 ; 0 wi th I"OOt. r l, ra, r, . Thul rl+ 
rl+rl = -1/2; flra+r,f,+flfJ ;;: -3/2; f l f2f, = 5/2. 1) •• • (n _ r+1) ; _ "_,_ = (") 
5. I . ach rool b" a r l r t(" - r)l r 

,,::::,~"~":::.:' ;::.:-::.::"~,,: ' I k times a " " : "",::.:: '_~"':.~:.'~:.:,~ ,". ' ~ Ojl(~ii~:=',;: '';'j'"'''''''''''''' 
00 ,,;:., "".,.;;" ~ , ,,,,c l~~~ew,il~et;e ~:It:e~m,\~!dw~" ~:~:afnil'!.!: I : 

8 t 8 · 7 
nCr = .Ca = ~ ;}"7T ; 28. 

AHY NUN8 ER AT A TINE. The total I ~·~~;~~"i.t~;,!!b~;~~';;:'"(C:!Of " dltl'eront things taken ,,2,3, .. . 
. E: The total nUm bef 01 way. a pertOn 

fOU f friend. 1.2'-1 ; 15. " " .. 1IIn 
. . .... 1I,n 

E: au Is the 
a ni anI · ann 2nd colu mn. I I 

arrangomon ~ or tho pOSItive Intogers occurs whenever one 

t~~~~~::::::::':":~foj~~if~~~:;;=':::' 1 precodos a smaller In teger. E: Thero are 3 InverslOng In 321. . 

; Q = m + n terms, the sign In a given torm being taken plus or minus according :;r:il~l~t~:i::~f:i~:~;~~~~~~~~ffi~~: 1 n VAlUE OF 0 Is denned to be the su m t ±1Iu .. au 1ll"l'·· an . n l 
(\~::.;i.~:~h;::f~i~~i;r~~.~~~~; as the number of Innrslons (of t he numbers 1,2, 3, ... , n) In the " :'-::'::'7=""''':-''''::,:='; ,.:-P"=:7''::'::;'-=:-=':';:':'P~' --:--:7'-..,.1 corresponding sequence a, (1,.,., .. " w Is even or odd. C. PROPEITIEl. 

1. If the corresponding rows and columns of D be Interehanged, D 
Is unehangod. 2. II any two rows (or columns) of D be Interehanged, 
D Is changed to - D. 1. If all the elements of a row (column) are 0, 
then D ; O. 4. If a ny two rows (columns) are Identical, then D = O. 
5. If each element of a row (colUmn) of D be multiplied by m, the 
new deter minant Is equal to mD. S. It the eloments of two rows 
(columns) are proportional, then D = 0. 7. It each element of a row 
(column) Is expressed as the sum of two (or more) terms, then D 
can be expressed as tho sum of two (or more) determi nants . • • If to 
each e lemont of a row (column) IS added m times the corresponding 
eloment In another row (colu mn), D Is unchanged. 

l~j~~~~~1~~~~~:~[~~~:~~f~~~~~~~~~.~~~ E, 1-
2 

1 Multiply each element of fin t col· 1-2 1 10 I 
Given 40 umn by 2, lubtract from th ird col. 4 0 0 

!~~~~~il:~J~~~~~;~~~~~~~!i~~~I~~f~;~~5~3~~~"~m"!'~IVing the equal determinant: 5 3 - 1 

element In D Is the determinant of order 
row and column containIng ghen element. 

la1l au ill. 1 t he minor of ilU i, au aJI aH 
aH 01.2 a., 

~!:ll:~';.~ir:~:;1.::~~;~~~x.t~:l:~jE;~t-i~:t, I , E· .~!~I~:" "~ · .. ~h'..~~",'''!'_'''; or the element 1IIi Is the product of 

~ ;j.:;j.t~;jA~;~:".": ,: o+;; JA::j·:l cg rf:,Cr'~ ~ ~~~?w!: 
"'1 + ' lau aul au u auau = 

A. OU. The function t denned by ,. = 111 
(0 ) 0, and o jl! l). Its domain Is the set or 
aU real numbon, 11& range Is O<~< ... . 

~'~'~=~3~'~;'~=~(~'/~,~,~. ~.~. ~n~'~r~En~'u~. ~~~~~~~~~~1~~i~~1!~~lill~\~~~~~ii~~!!~~:l\~1~\1~1~~ rfl:[j;:~;J~:;i.:~~~~:~;)ii~:~~~::1;,~~:ill~j~:r~~~f~~ ~~ ,,~ 

~::, .~~;;:; .:,.;, 7 S 
~ ~ 

C. THE IRRATIONAL HUNBER e = ~:a;I (1+~)" = 2.71828 ~ g 
mately ; such that ,. = ,x Is called the exponential fun ctio n. .:. ~ 
O. "'PPUtATIOHI. l . COMPOUHO IHTUm Is Int. r .. t (I) paid not only on may n-m ~ n 

an original principal (P) bu t on the accumulated IntereIL as well. !:: :z: 

The 1Imount (A) accumulated by a principal placed at compound I ,!~t~~~l~~~~l{~~1~~~~~~~f.~~Ji:~t:1~i;~:~fi ~ ELEMENTARY ANALYTIC GEOMETRY . ... . lTftA18HT LINE. 1. nOPE. ~ E Interest Is A = P(l + r)n, where n Is number of Interest periods and For points PI (XI. gl) and PI (X2, ~I) tho slope or the Une Joining .:. \I) 

r the rate of Interest per period. The compound Interest Is I ; A-P. "J -"" n -
E: A man Invests Sl ooo a t 6% compounded semiannually. Find A and them Is: m = ii=iI. 2. SPECIAL FORMS OF EQUATION OF ASTRA18HT UNE. c Z 

I aftef two yea,... Sol: P = 11000, r = 1/2(6%) = 3. = .03, n ; 4 
(Iince each interelt period I, 1/2 yea r and ther1l are 4 .uch period, In ,.=mx+b Line determined by slope m, ~·lnterC'ept b. 
2 yeln) Thu. A = 1000(1+.03)· = l 000(I . 03) ~ = 11 125.51, and a=a Line parallel to v-axis; m unde.D.nlild;z_lnt. = o. 

I = A- P = 111 25.51 - 11000 = 1125.51. ~~~ I l~i!l~~[j~fi,~~~~j~~~~~~;~~;~!;~~:,~~~~~~f:l "=b LI II I 

2. ANNUITY. Anonnuitv Is a sequence of equal perlodlo payments. ~ ne para e to X-lUIs; m=O; y-Intorcept= b. 
amount of 'n annult,. Is tho sum 5 to which periodiC payments "-)'I =m(x-x .. ) Li ne determined by point (.fl, ¥I), slope m. 

accu mulate .t compound Interest. If the periodic payment Is R 1 ~;i~~:!~:::;~~.~~:::n~::~I~~~~:;~~~~1;,:~t~ I/a + y/ b;1 Two Intereept form; (0"#0, b ;tO). E: 1150 II placed In a savI ng. ilccount dollars: 5 = R (1+r)n_1. 1. U two s traight lines are paraUel, they have equal slopes; and con· 
at the end 01 each 6montha. Find t he r versely. If two s traight lines are perpendicular, their slopes are 
1Imount In the account at the end .C,P'QI+IC~P'Q+P' = negative reciprocals, that Is m lma ; -1; and conversely. 
of 5 years, If Interest i. at rate of 501 :(150) (1 + .(2)10 _1 !~~~:;!~~~~::A~;;;r:f,;-;;;;;-;;; I E: Write an equation of the straight line paning through ( - 4,1) 4. compounded semlilnnually. S; .02 =11642.46 and perpendlcula f to 5J1 - 3y+l = O. Sol : Rewrite 5J1 -3y+ l = 0 :III 

I with a 5 1 
..... LOGARITHMIC fUNcnON (BASE 11). Y I (0 ) I) square array A. OU ERMINAHTS OF SECOND ORO£1l Y = '3 J + 3; lu . lope I, 5/3. The I lope of t he unknown tine is - 3/S. 
A. OEr. The fu nction Infene to that given (ORDER TWO). Gx:1 Usi ng point . 'ope form y - l = - 3/5(JI + 4) or 3x+ 5y+ 7 = O. 

by,. =,-, (0) 0 ,nd QjI! I), written ,.=Io,. x. \ /111 bl/ I I B. CIRCLE. 1. Center at origin, radius r: .I+y' ; rl . 2. eenter at 
Its domain Is the set or positi~ real num. X DJ = •••• = albJ - azb, E: = (4)(-1)-(- 3)(2) ; 2 (II , '), radius r: (l_h)2+ (,._k)2 = r2. 
ben, Its nnge Is thuet of 011 real numbers. y=loia-t E: Find the center ilnd radiulof t he circle x2+ yJ + l0x-4y_7 = O. 
LCommon I"arlthml ' base 10 I e log 101 .. Sol: By completing the 4qUar1l in J( and y: . a+l 0Jlt25+ yl-4y+4 = 
or logx. 2. N.ltu","op~lth,," : 'base e, I.e. .. .. (0 < 0 < I) NoTE: A determ inant of order one Is the numbor Itself. 7+25+ 4. Then (x+5)2+(y - 2)2 = 36; center lut - 5,2), radlu.I.6. 
log.z or Inx. { 1' log. xy = 10iax+log.V 4. log.z' = V loga.t 8. SYSTEM OF 2 LINEAR EQUATIOH IH TWO UHI(HOWHI. 

I. PIOPUTIES 2. 10il ~ = IOi.y-loiaX 5. logbo = ~ ~~e.:,:;e~ CI has I ~~ :! I = DI I:! :: I ; Dy 

1. 10il ~ = - Iog..x 5. log,x = ~ ~J:~:~b~_C;~bl jl!O sol 1= I:! ::1 = D ;,. = I:::! 1= 0 

E: Find log,12. Sol : Lot x = I 
b~:;tll ~1 ~o~ Ir:g~ ~.,yo:1 ~::.;::~::.~., ,::'!:! '! li~7 ' oP.l 07 



V. OPERATIONS WITH POLYNOMIAlS. A. ARRANGEMENT. De_ 
.undlne Powen mean, that terms are arra nged with the UPo· I :~~~I~[ij.ii:~t~_11 
nents or a letter In numerical order starting with the lariest. 
E: - 5.r'+4xJ+IOx - 1. A. undlne Powen means that terms are 
arranged with the uponents ot a letter In numerical order ' ta rt-

30 1/30 x x30 
larT)' + put of Job done by Jay = whole Job 

(We repreunt the whole job by I.) 
An.: x =164/ 11 min. 

InB with the smallest. E: 8 -

X

ll

J

+G.t

1

v+x' (ascending powers ot X)'li~i~~~~~~~~~;~;~~J~~~~~~Ii:~~~[~~~ B. ADDITION . To add polynomials, a rranBe thll Sol : 4xJ- 5.:+2 E: 
J]ke terms In columns a nd then add each column. _ :J+3.t 
E: Add 4xJ- 5x+2, 3x _ : J, 2x- 7+lx' 3.tJ+2%_7 

6.ti - 5 
C. SUBTRACTION . To subtract polynomlll ls, Sol: 0+7b 

: •. ,~,~.~"~g'~"~k~.~'~"~m~'~I"~'O~'~"2m~"~'~'"~d~'~"~b'~':'~"~'"~cc~~30~~-Ell~ ..... ", •.. , ~·~.'~·~~·~):·~~·1·;~,~:~,:~~~:~J;~ ~ach column. E: from Q+7b s u btract 3o - ok - ZD+7b+ 4c cp 
D. MULTIPLICATION . Polynomial X Monomial, Multi ply each ot 

the terms of the polynomial by the monom ial (Dislributill' Lalli). 
E: 4(lx - 211+S) = 12.t-S1l+20: _ lxl{;rl_ yl) = _3x'+3.tJyl. 
Pol)'rlomlal X Polynomial , Mu ltiply (usually from Ie/I to righl) 
the multiplicand by each term of the mu ltiplier; arrange t hese 
partial products In columns or like terms; add each column. 
E: (4;rl+x - 2)(3x_5). Sol : 4xJ+x _ 2 '" -, 

The product or 4;rl+x_2 and 3: 12.t'+3x' ax 
The product or 4xl+;r-Z and - 5 _ _2Oxl-S.z:+10 

IW- 17.z:'-II.z:+10 
E. DIVISION . Polynomial +- M.nomlal, Divide each of the terms 

of the polynomial by the monomial (Dis(, ibu(illt Law). 
- Ja+Z- 4b 5.z: -4 5.z: 4 

- 2a}6ii'- 40+8c!b : - , - ;:; 3" - 3" I ;~;~~f~t~~~~~~r~i~~;;;~~!.::~ f : Divide l5.rl - 38.l'+35 by 3.t-4. 
5.rJ- 6.t _ S 

The product or 3x- 4}15;r3_ 38.;rJ+ O.z:+35 
3x-4 and 5.r2 --_I5.rl_ 2Ox' 
The product of _ 18.t2+ tu" 
3x-4 and - ax --_ - 18.t'+24.1" 
The product or -24x+35 
3x - 4 and - 8 - Z4.z: + 32 

Remainder _ 3 

twice. f : ",+,,,, ... , 
,,:,;:;;~, ";Q~.',(i;;;" and til. 
~, Use the .ame order 0 

o~:;;f~11~~-~~f~', transposlnlf. If the term' 
c the be CG mblned, t he unknowl 

be removed as a com mon factor. E :501", for r :kr = 6{3+r) 
. Remove puenth".".: kr :::::: 6a+&r 

2. Tunlpole +6r to col1ect term. cont"l nlng r : kr- 6r = 6a 
1. Factor: r(k-6) = 6a 
4. Divide both aid". by k-6: r = h/(k-6) 



XI. FRACTlONS ,A . FUNDAM!NTA&. LAWS . The appearance of xvt. QUADRATIC (2ND DEGREE) EQUATIONS. Represented by 
a fraetlon may be chanted without changing Its value : 1.11 both 1.I+bx+c = 0 where ., band c can be any numbers, except a Is 
IUmtrltor and d. nomlnator are multiplied (or divided) b,. the not O. Every second deirell equation hu t •• rooh. 

am am""'__ m A. FAa ORABlE COMl'lETE QUADrtAnC. (Where I and b are not 

.me qu.ntU,. Cuupt 0); ." = In+a = n ~~:'t~~~r~~j:~~~;~;~'~[~~111 D. but c may be 0.) 1 . Transpose If necessary to make one mem_ II 11+2 35 S.(a-b) 5(a-b) 11+2( I') berequal toO. 2. Factor. J . Set ueh raelOrequal toO, because Ir 
I: i = 8+2 =.: ,-= •. (a - b) = .(a-b): but 2 'F 2+2 that Is 2. 'I- 4 (m)(n) = 0, then either m = 0 Or It = 0, or both = O • • • Solve each 

nrstdoiree equa tion: each ilves a root. E; Solw. for r; x
'
+IO ::::: -7x. 

!. II .n" two 01 tho thf'H ,I,n, of tho fr.dlon .r. ch.n,ed . ;:~~!lb~~;~~j~,~;~.;~~~~j;.~ Sol; 1. Transpose - 7x; x'+7x+10::::: O. 2 . Factor : (x+S)(x+2)::::: O. I-b - (.-b) b-a b-. 2 +2 -2 -2 
_. = _. or-=-. ,, - - . - . E: - -, =-+, =++,or-=3' etc. S. Set each factor equal to 0: x+S ::::: 0 or x+2 ::::: O. 4. Solve each: 

;q~::;:i(i:~.~~~b" ;"~;':;~;~,!~"~~~~~1 I: = - 5,or x = - 2. E: Sol .. fo,, : Sf = liS. Sol : sl _ 11s = O;s(s- II) = 0; B. REDUCTION . METHOD 1 . Divide each term of the num and 0' , = Oar s - 6 = O. Roots :s ::::: Oor s ::::: II. 
lenom by the .. me quantity (by Dilfribuliuc Low). E: 5%,-,ifi = %-, ' ~''''::':~dl II, PURE QUA DRAne, (The middle coell'. b Is 0.) METHOD 1. E: Solve 

~: for r : x'_ II = 0, Sol : Transpose the -II : x2 = II . Extract sq , root ot 
lby division by 5). E: 4.11',-,17 Is Irreducible because 17 cannot be dl- ~;:~~3\!E~.t~,~<J.i'::?:~::'~ ' .. ~~~r·~ ';;';';I~".';;I aaoh .Ido: It = :t:3 (mo.nlni +3 or _3) . E: Solv. 'or w: wl + 4wI = 30 . 

.. . -0.; C.;, ·":;; Sol : swJ = 30: w' = 6: w = ::I:: v 6' or :t:2.4411. METHOD 2. (By factol'" 

~~t:'~~~tbboj,; :o~~~/) <Jrn~o/ :~~e frct::t:~~:~t~o ntuhn; ·';;~~~~::;;-;~~~~~~~~EC'U~'~"cN,d~~3 ~ g~~s~b.!,.~.)=EO;S; I~' !...3rO~~ %~3~ = O. Sol : (1:+3)(1:-3) = 0; 
oum and denom. (Conerl mtOnS divide nllm olld denom by somt _-- ;:.;.,.~;.:~.I_ ,- C. QUA DRAne FORMULA. By compuln, ,Iven equation with 

ftl<l1ltity .) E: ~: = f by cancelllnl (dividing by) Sand s. But In 5os!7 :::':~::~Itr1':1.~i'~;:;i~~t~'~~~:~l]~):~:~~jl~;~~&;iit;t~Ial'+bl+e = 0, obtain values fora, b and c; ,ubltltutolnto formula 01 _ 25 % = b ::l:: ~""'I'"'iiC E ! Solva for Il, and I .... an._" In radical form : 
Ne cannot cancel because num Is nota monomial. E: Reduce 40+20 ~i.~.~!~_~~~;~I~,i~; .ti~;;:;·13xl_71:+1 = 0; the~fore II = 3, b - -7, ( - J. 
101 : Factor to ~~:)(~~~) and denom to mon:~~aJs: l = -b :i: viii=ilc ::::: ( 7):t: V( 7)1 4(3)(1) 7::1:: vi9=T2 _ 

4(0+5) ; cancel (o+S). Ans: "'4 ~~j;li;~~~;l~~~l:i:r~l{~~~~~~~~I~j~~~i~[~1 2a 2(3) II 

C. MULT. UCATION. Factor polynomials whenever possible. Try 7 ± V37 . Roots are 7 + v ff and 7 - V37 . 
to cancel; then place product of nums ower product of denoms. II II II 

1.£ I 1 XVII. PROBlEMS FORMING QUADRATIC EQuAnONS . A. NUMBEIt . 
E' ~ x 5CX+vg_ tull X ~ _ 5xy E: Find two consecutive even Intelers, the sum of 1Uhose 

, l' -y 4x+4y -~x y) ~ - x- V squares Is 52. Sol : % = 1st consecutive even Inte,er and 1:+2 = 2nd 
1 I I Inte,er. Then 1:'+(%+2)2 = 52; %1+%1+41:+4 = 52; 2I:'+4x-48 = O. 

D. DIVISION , Invert the divisor (second fraction); then proceed Divide each member by 2: .11"+21:_24 = 0; (%+11)(% -4) = O. 
%l%yly' Thf 

uln muIUjJllcatlon. E: I:+ ;t =j· iJ = 'i' lI+y=4ooo ere ore I 1: = 61 x=4 I (2 sets of answers) 
E. ADOITION AND SUBTRACTION . 1. Only like fra ctions (EDith the 1---1--,::--,1--::---1 &1,,:.O,7~+:25003Y 7n22O.t'o'. . x+2 4 %+2 = 8 . 

IIImt dtnom) ean be combined. Add t he nums allebraleally and ~... B, AREA . E: The len,th or a rectanlle Is 7 ft. ,realer tha n Its 

place the result over the denom: a / c-b/ c = (. -b)/e. E: 2/11 + "!iii~~~~~~~~~~~l'~=~"~500~j'~"br""':d'l width. F1nd the dimensions If the un Is 78 sq. ft. Sal : Let I: = 'Ill = 11/11. E: ,-'v +,..L_. = ,'_+.y . 2. It denoms are dlll'erent, ftrst II I, the unlu' I width In ft. and %+7 = length In ft . Then l:(x+7) x+7 
= 78; %'+71:-78 = 0; (%+13)(1:-(1) == 0; x = - 13 I - I 

and L.C.D.: then multiply nums and denoms by same quantity ft . or x = 6 fl.; We reject the answer - 13 ft . ; A =1:(1:+7) x 
5 5 therefore Width I: = II ft., length 1:+7 = 13 ft. 

tG make the denoms equal to L.C. D. E: i +~ . Sal : L,C.D. Is xV : 

+
'_ ,+, 8 0_ , XVIll . RAnO . PROPORTION . VARIATION . A. RAnO Is the quo-

~ ~ - ~ + ~ - ~ E':!.=.... - !.......! - ..!=... _ ~ - t lent of two numbers of the same kind. E: Find the ratio of 4 ft. to 
( ' /I +II'%-%y %y- %y .. II 8 - 24 24 - 2yd. Sol : 4 ft. to 6ft.glvcs rati0 2:30r2/3. E: Two numbers are 
( - 20 7 4 21 4 26 In the ratio 5 : 2. If their dlfferonce 1.12, find them. Sol; Let 511=ht 
24' E::t=i + 3(x- 2) = 3(1:- 2) + 3(x -2} = 3(x - 2) number, and 2x=2nd number. 1st nO.-2nd no.=12. Then 51(-2.11' = 
F. COMPLEX FRACTION . A fraction containing one or more frac·I;=.·"-.-c~' .. :.':~~:··'.;:·' ::"~, -;;: ..• -_'.".',::,;':.::; 12; h =1 2; 1( = 4. Therefore, numbo" are 51(=20 and 2x=8. 

Uons In Its num or denom, or both. To 4 1 11~;~;:~h~~~~~_:~1~:;~j •. ~::::~!;~;~~'~~.r!1~ B. PROf"ORnONS. A proportion nates that two ratlot ara .quII : Ilmpllfy, nnd the L.C.D.of a ll the fractions E: Simplify i -5 ." .;'.=1,,+,,+".1 J2 111 d Th .. Ithln the compll5l fraction. Multiply each ____ "ii = 2i or 12:18 == 111:24, rea 12 Is to 18 u III Is to 24. e I!.rst 
lerm of num a nd denom by the L.C.D. ~ +! _ 3 and lut numbers, 12 and 24, are the .. trame, ; the second and 
Reduce If poulble. .t % third numbers, 18 and 16 are the m.an,. In fractional form, 
;.01: L.C. D. ls s.a. Multiply each term of num and denom by 5.11'1. m .. n 

~ • Sll _! • 5111 = HiHiTii; In horizontal form, .. tram. : mCin = m .. n : 
% li 2O.r_ x2 1:(20-%) 

!. , 5.a +! • 5111 _ 3 • 511a 3S+5x 15.11' or 5(7+%-3.11") 
" , 
Alt. ,n, t. m. thod : Combine the num In to a single Irac tlon; then I:::;.,:' •• :."" ;~:.;: :'" 
the denom Into a separate slnlle frac tion . Divide num by deno m.".: .. : .... : C .• : • . ... 

(' I) II • ) 20-% x' x(20-%) 
E. i - 6 +\jJ+i - 3 Sol: --sx- ·~=6(7+1:-3.II'1) 

XlI. GRAPHS . A. THE AXES . The orl,ln 15 0; horizontal IInel:~i:~~~~~~~~:~~:~~~~~~~~~:f~~~~' XOX' I. X_nil, wertlc&llIne YOY' Is Y.uls . (Fig. 1) 
B. OIRECTIONS FROM ORIGIN. To right, % Is poslUve; to left, I: 

nelaUve; up, y positive; down,lI negative. Point A has x-coordinate 
+6 (.bld"a); V-coordlnate +2 (ordinate). Together (+6, +2) are .. ,...;;-....-_ 
eoordlnat .. of A: (-I, 3) coordinates of B ; (0- 3), of C. 
C. GRAPHING STRAIGHl LINES. An equation that can be put Into 

the form u+by = c, where a and b are not both tero, Is a nrst I ~:I;I;~~~~j~;'~~' !~·~~1~~~~~::~~;;~~l:~:I;~~ delree linear equation and has a strallht line ,r.ph. Plot 3 polnts.l~ 
E: (. ) y = 21:-8. It we Jet% = 0, then y = - II; etc. ( Fla. 2) 

Therefore x L 0 l-'- I...!- (b) %+2y = 8 ~1*8 '-'-
~ -24 1140/TI 

(c) I: = -4 (line parallel to Y-axl' and 4 units lett ot It). 
(d) V = II (line parallel to X-axis and II units a bove It). 

HOTE : 1. It a pt. lies on a line, Its coords will satisfy the equation 
of the line. E: Pt. (I, -4) 15 on line (a). It we substitute I tor % and ,:;: __ :;:_::::".::: 

;:,:;: ~rl~ ~t~I~j;r~ :: :~~atl~~ ;~~t-p8t .o~iii4U: 0-;;4ih
2e ~~:;~ " .... ~.:-.:.":: .. ,-. ":.:·"'.:-.-"::·-:c·_-o:.:::::;··':-: 

or the equation. E: Since % = 2, V = J satlsnes equation (b), the 1":::.'''_·:-;' ••. ':.' :_::.:.:: 
pt. (2, J) will lie on line (b). I •• " 1- , 

J = I Y wl'i"jj:u~-i'iir-PF 
(/' It '.ii -
.~~ (5,4) • .11 

,111 m .. ~"~ ~I;;: 
~ l~ 



~~t-;;~~o.;;V: !h"~,,,~,. I : : . mu ltip ly nurn o . _,,_ _ 12(4+V7) _ ",,""Oc'-'e =, :o:,-,;"-'-'.,'-""'-""-
:;·;;I,iPI;i~,(",,: di;,id'I;;' •• 'b.i~";'~;;;- . 4- V7 - (4 V7)(4+V7) - (16 -7)of9 

rational: 1 '!II~~;;lil;~~I!I;II;iii~ " H. ADOInON AND SUBTRACTION . Only like radicals (with same 
indtIC and sarno rculicanr/) can be combined . Use the "likr 
unchanged In the answer Ilnd combine the coomclonls. 

_~r .~,- ,z,.. .,,- _ r.= 15 ~ 6vx+2vK - vx;7vK E2 : V 12-_ ",, - -when I 
I 5 v5 3 

::;; y;:; - =y' E: Aewrit0c=s'o that ill denom I. tied becomes 2Vs _ 3V5 - 3Vl;:; 3"Vl - 3V5 

a a -0 -0 a I . RADICAL EQUATIONS . Contain the unknown under II radleal 
b-c. Sol ; C- b;:; (c: - b);:; - (c- b) = 1i'=e or - ii='e sl,n. L Isolate radical term It possible. 2. Raise both members to 

I . REDumON . 1. IY DIVISIOH. D~~; ea~:l"~;)";' 0: th~~~m and I !'~h.'jpo",w".",~ .. ,",.,I:-,to"-,'"h!'""Cd~'"'~. l'·cS~'"I~",-"""",,""It"I"~'C."q~"~.~u~.~"c·_-:-_ 
denOmbythesameqUantlty. E: """"6:t = 5%: 3 - 2x 4+2'11i""::;10 12: ~+3 = D 
2: . BY CAN C£WTIOH . (SpftCial cau~ oj IIftthod I.) Whon I fraction Is In 2Vx;;; 6 +--I.olote rodleal term ----I-~;: - 3 
torm monomial + monomial, any co mmon ractor may be can- (2";;:)1 ::; (6). to power ---+- (~)I ::; 

6.t+Ui monomial ~x ;;; 36 ) 0-2 ::; 
celled'l £1: Reduce ",1 - .1: - 12 Sol: Factor to ~~ monomial: 

§!!+&t Ii xl- 9 (x+3)"U.=3'f - %- 3 
(,s+S1(x 4) - x=i E2: Redue,i2=4X' Sol: 4(3-ff ::; -,-

1 I 
HOTE: When quantities In ( ) are opposite In sign , they may be can
called proylded they are replalled, by -I and I , or I and - I. 
C. MUlTtl'lICATlON . Factor polJnomlals wherever possible. Try to 

cancelj than place product or the nums over product of denoms. 
~-~ 1 1 

E' 4(x-y)*. 5rd + 5re - ''W _ 4r(x-y)· 
. clt+dx ~-~ - II , " 
0 , DIVISION . Invert divisor (second fraction); then multiply. 

a - b • a+b a-b al+bl _ (a-b) (a l +b2 ) 

E: (a+b)J. -:- aJ.+6i Sol: (a+bjl' a+b - (0+6)1 
f . ADOmON , SUBTRACTION . Onl1 traetlons wit h a eom mon denom 

-can be combln&d. Place a'gebralcsum at nu ma over com mon denom. 

U : )I~4+ 4":)(' Sol : (el,,,,,, ,."1,,,1 

It Is I 
,Iyo square 
square root of Ills +3 or - 3 with the symbol use only the prin_ 
cipal square rootj thus ~;::; 3. 1. A "ATlONAl HUNIEt can be put 
Into the form alb, where a :nd b are Integen. E: 2/3, 1.7 :: 17/10, 
-4 = - '11, Vjj = . , 1, ~-8 = - 2/1, .3333. , . = 1/3. 
C. AN IIIlAnDIf,u HUM E. cannot be expressed as q uotient at two 

IMAGINARY NUMBERS. 
Is the Indicated I!tIt!n 1001 or a negative number . : 
~,~but -.Y=ilareal , slnceltequals - 2. 2. The 
unit Is , :: ...;=r and ,I :: -1. 3. A complu number has 
a+bl; where 0, b, are real no'a. E: 3+2i; -.; -i~ B. CHANGING 
TO "I" FORM. Remove the faotor v=r,-then simplify Va If -'possible. 

....t=9 ;::;: Viiv=I :: 3i, E: V-l2:: Vi2v=T :: V4 V3..t=l :: 

2;V3. C. ADDmON , SUBTRACTION. Change to "I" fo rm; r3~'~ I !l:~:~N~:kl~!~Jr~\~~i~;~~~::;~:::~~:!:~~: like terms algebraically. E: v=i9 - v=g :: 7; - 3i ;:; 4i. E: 
V -16:: Ii + 4j. D. MULTIPLICATION . E: (5- 1)(2+6i) :: 10+ 28i- 6il ;:; 

10+28i- 6( - 1) ;::;: 10+28iH:: 1~+.2.~ ___ -:::~l'~~t;':;l:i: II ~~:;~';:W~.'~:f~t~~J~i:J~::~~~~::~:~;;~)g:~U:~::X EXPONENTS. A. DEfiNITIONS . 1m, where m Is a ;J;:,h. ~;,!~.;;,;;~;,;~~ 
Is read the m th power ot I and Is equal to;r • f; .;r . 
m II the es.ponent a nd I I. the bu •. f : X2;:; X .;r . ;r: -:, ","." . "" .. "" '.7.'·' 
8. MULnPUCAnON AND DIVISION LAWS . It bases are same: 

1. Im'ln ::.m.n. E: .' '.' ::.II;bu.bU;:; bu;cm.c ::cm'l; 
y" Zl :: yrz.l; 10' ·10' :: 10' . 1. xm+z n :: Im -n, m > n. E: 01 + 1("\,.,, 'in 
01 = 01: ~sa-. +lI · ;::; ."-'; 7"/7 :: 7~-l, E: Factor )tu" - )I "-.'-'-;·;;~'~~'·"~""i~i.~i.,,:. ;:~:.~~;_~,~~i i·I:>;;:[h, 
Sol : lI(XU -1) ~ 
C. POWER OF A POWER . (Im)n :: zmn , f : (111)1;::; 
D. EXTENDED DISTRIBUTIVE LAW FOR POWERS AND 

ta ln the power (or toot) ot an expression with mu lt . and 
only, raise to that power (or utrael that tool 110m) eaoh 

(
,)m _ 1m. n~ _ .cr;: _nr--r __ n~ nr.::
y - ,.m' "Vb - Vb' v · .. - v. ' v b ' "; ... ;" '.: .' _'." . ' ,' 

E: (Sa)I.:: 5

2

0

1 

;:; 250

1

; V9ii';:; Vi. ViI :: 3.';~~1jQ I ;~]~;r~f~r;1~~:~~j~j~~(~~~J:~~}1~~i::~~~!' (b1c.)m ;::; (bl)m.(c.)m:: blmc. m; ~'0XU:: ~~;::; 
27 v21 

HOTE: V)lI +9 '# (5-0)1 '¢ 25+01, (5_a)2:: 25-10a+aa 
I 



! rC. 4 

I . PROI'fIITI£S OF )' = 
i::~n~~~~F~~~~r! l; :-.i", !!!!!C!! ,,' 

" 

i 

::~~i:::::R:]f~~d~¥'~~OO~~~~~~~~rl CASE 2. 10TH SIDES NOT EXI'REUIBLE AS I'OWER' Dr ",WE !:'~:::~:~~:~' I ,~~~~~ E: Solve to the nearnt tenth : 3- = 22. 501 : Find log 
log 3" = I~ 22: llog 3 = 101122: .(.4171 ) = 1.3424;. =2.8 (by ~;il~""~;;;;tt;;;:~~~:;;j~;;';""i~~! 
G. APPLICATIONS TO TRIGONOMETRY. E: Find to nearest tenth . = )1 

lEi : 

n : Xl+yl = 25l 
l()' = 6\ 

1.21 -1.2 

17.4llln 280. Sol : tog II = 100 17.4-log lIn 2Bo = (11.2405 -1 0)-1 ,;~;.~~O, m"',;;:.", , !;.~:h',~"~: 
(9.6 16-10) = 1.5689: then II = 37.1. NOTE: For log lin 2BO, table "::':"'"':::::::;,, :: ';"""',;C:',:' 
glvtl 9.6716, then add -10. 

===~~~XUI ~~~~-:=c::: 
orUhmoUc pro&relllo.1 (A.P.) Is a sequence of numbers In which PROGRESSIONS , SEQUENCES, SfilIES. A. DEfINmONS~~l~' ~~A~": l!l~;,:;':J~~~~i~~~~ 
the dlft .... nce between any term and t he preceding t erm Is 
throughout. This dllTerence Is called the common ~"tf'':''',~~, '< 

;;,!. !i~~;;:~~;~!;'~;t~~0~~~~~G;1 ~: :::.~.t!:::,::&~~;IOt~r~ ,PI·~~1 ~::q~=~~lrn~~rs~~~~ I ~il:~~~g~~~~ 1",,,,,,0,,<0 ~ throughout. This ratio Is called the common roUo, r . J. In an 
~~,"!:i';~'~~!>, ... ,'.-: .... -" or a G.P., 0 Is the ftrst lerm, and I II the last or nth term . , 

II : Find the sum of the Infinitll 

setles: e, 2,~ •• .. • 

• • • Sol : S=r=r =1=~ =i 1-, 
r=Vi=2 

D. INFLNITE REPEA TING DEC IMAlS . E: Express .181818 .•. as a com· 
mon froctl on. Sal : .181B1B , •. 11 equal to the infinIte series .18+ 
.0018+.0001;)18+.... • = .18, r = .0018/.18 = .01: 
5 _ 0 • S _ ~ _ .18 _ 18 _ 2 I NOTE : AIl repealing deci mals 

- !=i' - 1-.01 - :R - B - iT' are rational numbers. 

980 = 

i~i;~~~~~~~~I;~~;;;~;:i~il BINOMIAL TlfEOREM. A. F'g~M·U·L·A~(·"~"-'-"-'-IIC,.-.C':-nt.,er) : (I +,.)n= .n+ Il1n'l )' + nin.~l) an-I)'. + n{nl.1r~j 2) . n-'yl + 

.• . +i·,.n-l+yn ~~~~~;;;;;;-,~~~~~~*~~~~~~ ~~~ 
B. PROPERTIES. 1. There liTe (n +l) terms In the elp.nslon. 2. I n 'T.',,,;,,,!>,,,,":;',,,i' ",,'~i,~ ',,:~" ~~a 

a ny term, the sum of the eaponon t.5 equals n . I . To find lur:cetding l . jE ii .. 
coel/kif"ll.' In any term. (Co.' .) (up . 01 .)/number 01 term = n nt ':" .",:: ,;,,;',,:,: '" ::::'-C:'.: :,::;';;,::::':,::: ';:, '"C:,::' :'\!"'J: 
coel. ' Us . ndy l re both"+",all lermslre "+". U. Is "+" and - ii'"l 

y is "-," terms a re alternately ";t" and " - ," swUn, with "+." ~~~~~~~~~~~g~~~~~~~~~~3 - n o U : (o+b). = o.+4o'b+6a1b'+40 '+b.. 1:' = 
1E2: (b-l)' = (b)1-3(21)!(1) + 3(b){1)J-(1)1 TOIII 

= 8.1 -1 2.1 + 6. - 1 ',." .,.'d,,;";i "'00':1 D : If the 7th t erm of the upon,lon of (r+I)U II 462rlll, the toet. 
of the 8th term = [(462)(5») + 7 = 330. 



Ilnh(x + y)-sinh x cosh y +cosh x si nh y 

si nh 211 - 2 Iinh x cosh If 

formul .... colh 21l - cosh'x+ linhlx 

d du d du iii (ii nh u ) - eosh u d x iii (coth u ) - -cseh'u di 

, . .. i, 1. 

I ,~) L;:,,;~~~~~~:::,:~~:n~u~.~~~":.' if the limit of 0 function euerll po,itiue ualue !, 

L_J :::,':::;f~[:S':::;,:Z:.'I~ :'U:~f;';I':t.fi;'~:~ number a ,u,h thot the numericalllliess than! if the 
and it, limit a i, leu than a but 
bl <! If 0< lx-al <3. Thus 

d • du d du 
iii (col h u ) .. Ii nh u d x iii (sech u ) - -sech u tanh u di 
d du d du iii (tanh u ) - sechlu di iii (csch u ) - -csch u coth u di 

E.lHVERSE linh-l x - In (x+ Vii+i)-cseh- I (1/x) 
HYPERBOLIC 
FUNCTIONS colh- I x_ 'n (x + VXi='1) - MCh- 1 (1/x) 

(written as log functions). ;P1;;~"b'; 0 as its limit, f(% .ppro.cbes and l,i'N,o;"N'1. 
f(x) - b 01' f(x) ..... b al x ..... a. II 

8.mllT ntEORDILS. 1. S~;.~ 11m If(x) + g(x) - h (x» - d 1 dUI 
11m f(x) + 11m g(x) _ 11m h(x). 2.Proctuct. lJm If(x) • g(x)1 _ iii (1Inh- Iu) - '\11 + u ' d x (coth- 'u) - 1 - u' dX ' lul> 1 
x_. x_. x_. x_. I d 1 du d 1 du 
11m f(x) • 11m a (x). 3 . Quotient. If limit of divisor is not I iii (cosh-1u) - '\Iu' - 1 di ax (sec:h - 'u) - - u v'1 - ut di 
;;;: ~ 9(x;-;: 0) 11m If(x) + g(x)1 - 11m f (x) + 11m g(x). I d 1 du :::l d - 1 du 

[I 11m_=-+',')+(,1_ ) _ :~I+1) + lim (IH) ;5-:..·1) _ fUm x·.~ xHI 1. DlffeNntlatlonformulu(based on Itheresult II;:' lin x - 1.) di(tanh- 'u )-:;-=u. dX' lul < 1 I iii (c.ach-·u) - lul v'1 + u ' di 
.__ x ...... 0 . _0 x-o II IV 

+ Pim(x+t)· 11m (6-x)1 - (OH) + (~ ·5) - 1/10 In the formulas, u (measured in radianJ) is. function of x. GEOMETRIC APPLICATIONS. A.TANCIENT AND HOR-
e. IHFINITY. If b is the Umit of f(x) as x increasel without d du d ~ MAL U P(x,lI) and 0(x+6%, 
bound, then the Umit of f(x) as x becomes infinite is bi written iii (lin u) - cos u d Il iii (sec u ) - Me U tan u d II ' II+AII) are two distinct pointa " .. -
lim f(x) .. b or f(x)-b al x_ 00 . Similarly if f(x) grOWl without d du d du of the curve 11 - f(x), then PO x_... di(co.u)- -llnu dx di(C:SOu) - - c.acucotu dx !sa"cantlin,drawnat P. The 
bound as x_a, then f(x) becomes inflnite al x approaches 0i d du d du tang,nt PT at P il the limiting 
wrltlen 11m f(x)- oct or f(x) ..... oct al x ..... o. di(tan u ) - sec' u d x iii (cot u ) - -esc'u d x pOSition of the secant al 0 ap-

O.CONTI~~~TY. Continuoul functions correspond to unbroken -,!!!'=":':::" __ ~~_L.'!'!.':"_':" ___ ....!~ __ proacbes P a;;Oln~g~thl·~'!U'~'i'~·I~~~~~~~~~l curve •. A function f(x) II contiAIIOUI at x - 0 if the .. )ue of E1 : 4. (lin II.( • taD 4.1') _ a COl ax • tan 4.1' + liD 11.(' IIKla _ a (siD II.( + NOTm al is P N to 
( "f() IU ta.Dgen l a tP. f(x) at X-G equals the Umit of f x) as x ..... Gi writteI1: x.!!'! x - lee II.( • tin 4.1'). El: , • cos (.t _ ,). Sol. B1 implicit . 

1. SJo~ 
f(a). This impUes th.t ~f(x) and f(G) both enlt. U f(x) Is not ~_- ain(.t-'). (1_9); ~11 -1iD(.t-,)J __ sin(l_r>; ~':i~9!L and 

continuous.t X-O', It Is dfsnmtinuoul at x - a. A function f(x) dx d.t x x equatlonl 
"_~""".~._._ .. _,,~ .... __ .... _ , ... £ .mm , .. ,~ ... ~ _ .... __ ...... __ ... 

DIFFERENTIATION ~~ IALGEBRAIC FUNCTIONS. FU~~~~ONS 'I_ CO)- I , E: Find equation of the 1lnlenlllld normal to the h1perbola J"_,'.' 
A.IHCRDIIENU. If values (X,II) satisfy the equation II -f(x), +t .t the poinl (II,.). Sol. By impUcit difftrtntittion, 21 -2, ~ _ 0, ~.? 

chanaial x by the increment 6x produces the function inere- i Fi I 
ment All lor 6f(x)1 . uch that (x+6x; V+6V) also satWy the y-sin-Ill .. m .. (<iJI) .. ~ . ThUi the tquatlon of the tanltrlt is ,- f. _ i (.t-S) Of 
equation. Hence 6y-f(x+6x) - f(x). dx I' • 

E: U,-zlttLest A,-(J +Ax)l-zl -tr"(t1:x)+Sz(t1:x)J+(t1:x)J ._ .••. _-t... - I 0 . '. __ ... _ : ¥ .... _. b-f.r-,.ThetqUltiODOfthc oonnalis'- . - -~ (.t - 5)Orbt5, - ",. 
( 1. Dlff .... ntl.tlon formulas. 

• • THE DERIVATIVE. The derintive of f z) with respect d 1 du d - 1 du SEGMENT NAME LENGTH 
!: v.i the llmlt approached by the ratio of the Increment of f(x) -., (1I n - 'u) -~' -u' · . , -. , (cot- 'u) - 1 + u' • • , 
~~ Increment of x as the increment of x afProaches zero AI. Vl-U' AT DI 0 IU tangenl I m 
~~ wrl II ~ II f (II +611) - f(x df(x) !!l f'() ~(COI-IU) _ -1 . du ~(Me-IU)" 1 du of line RN ",ubnormal ,ml 
~~ tten:llll~X-llX~ 6x -""'Ci'X"- dll- X . dx ~ dx d x luI V u '-1'dx segmenu PT II IItangeni I, ~ml 
z .... PunCtiOIlS for wbJch the.~ .. 611/Ax edIts when x _ a are d (ta • ) 1 du d ( ') . -1 du PN II .. normal Iy, v'f+'mIl 
~~ ........... di n - u -~ 'di iii CIC' U - u v'ui=T'di .=: dUlerentiable a t x - a. IIf(x) is dUlerentiable for every value of 3. Angle of IntersectIon. The ongle of interJection of two 
~~ In an intenal, it is differentiable In the intenal. E:-,', ..... , (', +-',) _ f: (',+-:) + [1+(', +-:)'] - - IU +(I.+);)!(l -l) II the angle between the tangents at the poin t of inter-
Cl-eCJ C.FIHDIHG THE DERIVATIVE. ... Calculate the ratio 611/6x.. To determine the angle Of interJection: .... Solve the 
• . [(X+6:,)-[(x) . ... Evaluate the Umit of this ratio .. 6x ..... 0. (1+.t)I+(I -.t)I_ - 2 + 1(I+2.r+ JI)+(1 - 2.t + J")I - -1/(1+:') of the cuneI simultaneously to find the poinl' of 
§~ .... (1+1)' .... Find tbe slopes m.,and m, of the cunet .t each 
- .. I ~. ~'I"-" -' Sol. 0.'(>-)+0.(,.),+(,.)" I'· • ,+ P . .... Calculate .n angle o[ inter"'tion at :::ECQ : 1111 .. , ..... 11 , .or. . ,........... ......... ..... i 1I ..... - 1 C. EXPONENTIAL AND LDGA- 1 ~ 1 _ mal + 11 + mlma! . 
~~ b(t1:x)+(t1:x)' i d/J/dx - UmjS.rl+b(lI..t}+(t1:x)'J_b

l 
I ... The y-o·(o .. t) ..... . :·~t~~~d:~,~hl~:, ' " , . t i:iJ ... , 4._ 1 defined cirdeu' +,'-b- lud.t +/J - /J- IDtefitC 

~8 The derlntive of a function f(x) Is also a function I'(x) of x, 0 . .... Thelogarith- .Solrio,aimultantously. points of iDlmectioure 
~I- wblch in general ia difterentiable. The derintive of the de- - Iogax, wbere a (S,2)and(l,-2). BYimPlicitdilfcrCDtittiOO, bHIJ("I,',),-f. - o or(,<iJI,),' 
~ ~ rlYative fez) Is called the 2nd derivative of f(x), etc.; wri tten : ';;'.-;.;p;,~;~ ti;;;,. the in verse of y .. 109o II (a >l) 
~ d'y/ dx', f" (x); the n-th deriv.tive as d"y+dx" or f (nl(X). 11 function. Loga- l (<iJI) (<iJI) (<iJI)' 

~ S d tP d rP d dl d base e are caned natural fog' (symbol for I!rat circle and 21 + 2y - 2: - 0 or --
rhZ II U,-zltht!l!l _S.tI·!1: __ (b') _8.1 .. 2 __ (b)_S·~ __ (e) .. 0 d Ii (1 )1/. 271828 d.t I d.t I d: I l-r 
t:;CI dx 'd.t" d.r ' d.t' d: 'dl' dx 1 ___ _ ' .. ..::·_'_·_n_·_.-',~.'!'~.'-_+__,'--·--·-.---7'I'o""" •• '"'' •• At(,~),;m,.'- I/'; -1/HI ;!'"' -----==--=-..::.:...--=-..::.:...--=:...=--J- ml --3; tan.·-1+S/2 -1; ~_7./. 
u~ O. DIFFERENTIATIOH FORMULAS. In the formulas, u and vare 1. Differentiation formulal. ~(Iog u) - • log e· ~~;;:=~~Jm~ 
~:i functions of x, and c is II constant. ~ (un) _ nu"- ' du dx • u • 
5c>~ d d. d x d x d ( ") I du ~ (In u ) _ ! du 

"" ~-O _.(u ± v) _ .U ±_.V iii a -a"nll dx dx udll 
dx x x..!!. (,") _ nxn- I d d 
d d d dx ~(e") _ e"~ ~(uV\ _ YUv_tdu + In u. uy .-! 
-(u • .,) - u-! + v~ dx d x dx -, dx d x 
dx dx dx .!.(~) .. .,du _ u!!! 
2. (0''1) _ c~ dx" dx dx 
dx dx " , 

E1l rmd~ il/J_~ Sol : _ (1+.tI)'h. ~ _ !(1+.t1)-111 
, 1_.t2 'dx 2 1-,1 

.!(I+.lI ) • 1 (I _X2)111 • 2.t(1-.t1)_(_b)(l+11) 
dx 1_.1' 2 I +X' . (I_XI)1 

1 (I-XI)II. U 1.1: 
i 1+1' • (I-J' )1 - (l +JI)I/'(I-:tI)11J 

E.THE CHAIN RULE. If Ills a functionf(ll) of a "'riable u and u 
Is a function 9(x) of a variable x, then y -f(lI) - f19(x)1 is a func
tion of x. U f eu) and g(x) are differentiable functions, the ,hain 

rulet!Yes :!2 - , '(u). g'(x) _ ~. du. £: Fin4~ifll -u' 
dx du dll . dz 

U-J'-I. Sol. Methocl1: ~ • ~ • ~ _ (SII' _S)· (lc- l) _ S(b 
dl du dJ 

I{I"_ I)' -11. Ml'thod 21 , - u' - 'II + 1 _ (1' _1)' - 3(1" - J )+I; ~ _ 

" S{.t, _ , )1 (21-1) - 3(2%-1) _ 5(21 - 1) 1(,I- x)' - 11 

F.OlffERENTlATIOH OF r'uPUCIT fUNCTIONS. 
[(x,V) - O, defining V u .n implicit fUDcti an 
obtained by implidt differentiation 
for y. II> Differentiate the 
equation (considering V as··.;-~.i;'.;;;~ti.b i·;i;~~,iio 
Equate the derivatives of the two ;S:;;;'~"fo;· .,;;~d;' 

, . 
E: dx (,-'In I) - -r-olll 1+'-" .t - , -' 

2. Logal'lthmlo differentiation. Tbe derintive of a func- I :~~~~~~=I~~~~~~~I;:=~I~~~: tion which consil ts of products and quotienu ot powers may be 
found by taking Its log prior to differentiation . 

~ • Ir=%i r.--; ,1;-;:;;.1 ~~~"'!'''-.,-__ I~~'''',"",,-,-~_.I ____ I'''-''''-E1 ; Find d: if V-r "W· Sol. In , - In .rHn v 1-.t' - In 

In II - SIn.t + 1/2 In (1_.t' ) + I /~ In (1 +1'). Differentialinl nth "di'l~~~~~~:-I:~~~~;jJ::J.~II~::!~~I';;;;;iB-
~ _! +!. -21 _!. ~ and ~ _ is . ,rr:;; [! -_,_ - _,_~ ] 
d: .t 2 I _J' ~ I +.t' dl V~ J 1- :" 1+1' I ~;:;'!'-__ ".,--.I";';"""","",,=_d.=-.-,.I.,,=,,--

E2: YlDd 2,d if, _ .t".SoI.tn' _ " ' !nx; !!!l,d . ' ·' !nl + ""! 
:s , 1 I 

•• ' (! + In,) thUI ~ - ,.. . J!' (! + InI) x ' d.t x 

D.H¥PERBOLIC FUNCTIONS (comblnalions of exponenti.1 funCliOnl)' I ~~~~~~~~~~~:!..-:-T'---;,:-;--"J~-
\~ , ' I ", ' \ 

\ .. ~ \\ \ , '1,.. 1 .. 1\ , 



C.CURVE SKETCHING THE GRAPH OF II-/(x) • ... Calculate f( x) 
and !'(x). ,.. Determine . t. tlonary points from / '(%)- 0, the 
c:orrtsponding values of 110 and tbe ranges where I'(x) is positive 
or negadve. Test stationary points for relative mu.ima or minima 
(see D below). " De termine inflec tion points from f'(x) - O, the 
correspondmg vllues of Jj . and the ranges where f "(.:) is positive 
or negative . ... P lo t add itional points where necessary . ... Sketch 
• curve through the poin ts making use of the rise and fall, the 
concavity, the stationary poin ts and the points of infiec lion. 

E: Slutth the clint V- r - h '- h + l0. 
Sol . , '_ b 1_ b _ 9, 1I" - b - 6; the Ita - .'r 
:'~''''''iS~''~~~.~~':t'~~'~''!-~-~I~.,:.:.:':th:':i:]n- I-I, l SI \' ~. , tlection point I( I - t. __ 

• 'I " 'f" Remarks 

I 

, 11 + ~ 
-1 IS 0 - manmum 
1-I-O lalHn, 

fnfle(tion 
pC 

concn, 
downwlrd \7' 

, - I ' 0 
5 15 + + ~imum 

+ rWu: 
~'lll 

0.10 FINO LOCAL MAXIMA AND MINIMA. Sol'fe !(x) - O. If ~ois 
l.Oy root so that!(xo) - O, then 

or alll ' nereasel from 110 6 to xa+6 

r/(lol!ffi.· if !"(x.,)i'MGl rl .!f e ilh~r ~ if r(x)'I~+" 
is In is "1DOi1 I f(x) - f(.lcJ l~changes to+ 

E.SOLVING APPLIED PROBLEMS . ... Se t up the fu nc tion whose 
maximum or minimum value is desired and, if more than one 
"arilble is involved, use re lationships among them to ezpreH 
the function in terms Of one variable . ... Then a pply above rule. 
... Dr.w ,raph of the function as a check. 

E1: Whit ue the dimenlions of the Iltltsl rectan(llll.r bol lrith Iquare 
base and open top which WI be mlde from 112 Iq. It of mlterial? 
Sol. Let I be lide ot bue and 1I the allitude of the bol . Then I' + uv - IR, 

l in - I' 1 I 
1I • -.:;-. The 'olume V·,'II - i(I91r - z3). V' - i OR-b' ) .. 0,1 -

H, - I. V" (8) iJ ntptiu 10 that 1 _ 8 yiehb muimum 'falue V(8) _ :156 
til. IL and , - . fL Dimension. Ire 8'18'd '. y----

POLAR COORDINATES ~. AN D PARAMETR IC EQUA-
TIONS. A. POLAR COORDINATES. R, • P 

The relations between polar co- . f .", h.e} 
ordinalrs (r ,9 ) and rectangular 

C.RELATED RATES. When a variable I is a fun ction of another 
variable t, then the ra te of change of % with respec t to t equals 
dl/dt. If I is time, dl/dl equals the time ra te of change of I. If 
several variables satisfy an equation, Ihe rela tion be lween their 
ra tes of change can be found by differentiating with respec l to I . 
To find on unknown rate: ... Wri le an equation among the vari
ables and hom it find any variable which is unknown . ... Diffe,r
entiate this equation with respect to I to ob ta in a ra te equa lion . 
... Substitute al1 known variables and rates and SOlve~ 
£1 : A min is 'll'al ldnc at the rate of a mi./hr. 10'll'ud •• buildiJq: 
120 It. hiCh. At 'll'hlt ute il he IPProlChinl the lop 'll'ben he i. '/ 
to fl. from lilt buildinl? Sol. From fl s. 9, I' + 14'00 - V'· Uo 
Wben 1 - to fl. , V - 150 It. Dilleren!ille tbe equllion 10 

rife If ~ - 2y t,. Substitute the "lutS of I, V Ind r~s . l 

dt/dl - - ~ mi./ht. 10 rift dll/dl - ~ ¥, -1!t. 5 ml./ht. - - 3 mi./ht. 

y" 
DIFFERENTIALS. A.DEfINITION. 'Let /I - /(x); then;"'. 

differen tial dx 01 "the independent y (6 ~6) 
variablexisdefinedby d x _ ~x.The ~~ •. y Yo 
differential d/l of the dependent Vir- fI,. 10 
iable /I is defined so that the ratio ..... ,t. P Ay 
d/l/dx equals the derivathe r(x): , V 1.,,.1 dy 
tha t is dy - f '(x)dx. Thus dx is any A •• d. 
increment of x, ~/I il the corre- • 
sponding change in /I to curve /1 - "x); d/l Is the cOm!spond
Ing change in /I to Ihe tangen t to the curve a l P(x,/I) in Fig . 10. 
B.APPROXIMATIONS; ERRORS. 1. Approximations. If Ax is 

sufficiently small. dV Is an approximation to 411. 
E: Find ~ii Ippronm.tely. Sol. Let y _ x.n• Then dy _ j r llJdl.Wbttl 

I - N.dl - l,r .. . . ndlir - dll - i , ~. I . ~ "'02. Hence V'M-f,.cn 
2. Small erro ..... A small e rror .6 x in the independent variable 

leadl to In error .611 in the dependent variable which may be 
a pproximated by dll. The re/atille t'rror Is liy/ y _ dy/ y . nd the 
percentage t'rror i5 100 Ay/ y . 100 dy/ y. 
E: The side of • cube is mellured II 10 in., .ubjtct to an error of 1/8 in. 
What Is the rell.tin error in .urt.ce area 51 Sol. Lei S-5,'. Thco. dS -

dS dl 1 dS 1(1/8) 1 
Ih ' dx, S _ 2 z· Wbttll . IO, dl " ji 5 " ""iO - ilj 
C.DIFFERENTlAl ARC LEHGTll . The arc length of a curve is a 

function of the independent variable Blong the curve. The differ
ential are lenglh is equal to d l - v(dx>'t(dy)l in rectangula r 
coordinates and d l _ v (dr)I+,z(d 9 ,. in polar coordina tes. 

coordinates (X,II) are It _ r eol e, e ,. II 
y _ r li n 9; r -Vxl+ y '. 9- 0 ~ 7 T VIII 
tan- I y/x. In Filii. B, the angle ( - '/"'"" .. MISCELLANEOUS APPLICATIONS. A.CURVATURE. 
+ between the tangent to the curve r - r{e) a t P and the radius The curvalure 01 a curve K is the rate of change of the inclina-

vector is given by tan '1- - I' + dr/ d 9. The inclination ~ of the lu].~on~O~f~i"~ti"ig·~·~t:l~in:'~W~H~h"'~i"i'~t~t~O~·i"~'·i"~g~"'~·~F~O~=~U~'~"~'~~ tangent line with the horizontal is then determined by ~ - '1-+9. EQUATION OF CURVE CUIIVATURE 
U two curves intersect at P, their angle of intersection 9 is given y . f (x) K _ II') + (1 + 11' 'P" 
by ta n Q _ [ta n ~. - ta n ~.I + [1 + tan "", tan .p.I. - -. 

r - g(9) K _ lr'+ 2r" - rr"I + lrJ+ r' 'pa 
E: Find the anile of inteRection of the cunes C,: r - 2(I -cos 8), C.: r · x - x(t); y - y(t) K _ [.t'II" _II'r " I + [r'+ /I"IJIJ 

'COI 8. 50I.SolnequationllimultaneoUlIY::l(1-toI8) " 2 COS8,C0l8 .. ~ 1. The radlul of curvature R is the absolute value of the 

( <) (h) d, reciprocal of the curvature : R - Vt-KI. 2. Th. clrele of eur-
IOthal the c.ommlXl points are P I , j ud Q 1,.., . For CI: dB .. 2.in e vatu ... is the circle whicb is tangent to I. curve .t P and bas the 

(

d ) Vi 1 d, lame radius of curvature as the curve at P. It Is also the limiting 
and ~ _t· - - Vi 10 that tan tl .. _ r.,' For C.: -". - - 2 sin 8 aDd position of the circle through thrH poin ts of the curve as these 

dO p t v S pointl I II .pproach P II a limit. 3. The center of eurvatuN 

(d') Vi . r. 1 C is the center of the circle of curva ture ; its rect.nlular coordinates 
dB -- 2 ' T--vhothaltaD+r - - Vj' a1cu\a le Q: w ¢, _ ' (1 + ' I) 1 + ' . 

~ r. 3 (a, ~)are a - x-~. ~ . y +~ 
1/';H1/v' r. 1: y. Y 

- - v,, +-, .t. The evolute of a eurve IS the locul of the cenler of curva-
1-1fv"'1/v'i ture of the curve. The .bove equations are parametric equ.tions 
' .PAflAMETRIC EQUATIONS OF A CURVE. Elch of the variables of the evolute with (a. 6) as variable coordinates, x as parameter. 

x and 11 is expressed in terml of a third varisble, ( for example, E: Find the adius of cunature I I any ?,Oint (I, y) 01 tht cu"e V- lo lec I. 
called the parameter in the form x - I(f). II - g(t). By the chain rule: Sol. r ' _ lee ~ tan I/StC I _ t.UI I , r ' .. ItC'l, K - stC'~/I1 + tanl' lll ' .. 

,_~ _~ . ~_~/~ ,,_~_ !!i. ~ _ dY'/~ ItC'I/lecIx _ 1/secI. R_I Itc II 
y d lt d t d lt dt eM. y d. dt d x dt dt B.NEWTON'S METHOD. Af ter a ppronmate location of a roo t of 

E: Find , ',l'" for the cydoid whose parametric equationl are I - O(S -Iin 9), I(x) - O, Ntwto n's m,'hod yields succeHive approximations with 
~ . dl ' ~/dl sin 9 increasing accuracy. If XI is the firs t approximation, Ntwton's 

,-«(I -COle). Sol. dB a OM9, d8 - «(I - COI9),r .. dO d9 - 1-toI8 lormula for the nel t value x, of the root is x, . It, +.6 It, , .6x. -
- [f(It,) + f ' (x.)1. Value x, in place of x. yields a third more accu-

9:. *8(1 cos 8) lin 8 . lin e I , ~ Idl ra te .... Iue x" etc. This successive root substitution is continued 
dB .. (I-cOl 8)' • - (I-col 8)' v' - d9 d9 - un til the desired accurlCY is obtained. 

E: Find th: rool of 11 -11+1- 0 between 0 and I. Sot. Bere newton" -(1+0(1- ' 019)'1 

---- y, ----PH YSICAL APPLI CATI ON S. A.RECTllINEAR MOTION . 
Motion in a straighlline is described by an equation of the form 
I - f (t ) where s representl distanre and t lime. The auerage 
ve/ocily during the time t to 1+ 4t equals .6s/4(. The velOOtll v 
and the acceleration a at lime t are v _ ds/dt, a _ dls/dt". 

E: The htia;bt' fL 011 partide f It(. after beinl thrown upward iJ , _ 128 t-
161'. Find the nlocity II1d Icceltation It 1111 time I, the initial nlocity 110 
II1d muimum bei&hl linn. Sol . lI - d,/dl- 128 - S21 ft./lec. , 0 - - H ft./ 
let.'. Wbeo 1. 0, 110 - 128 fL/lec. AI muimum beip l 11 _ 0 10 that 128-
S21 . 0, I.' lee .• I .... _ (128)(') _ (16X16) _ !66 ft. 

• . CURVllINEAR MOTION . 1. Reetangulal' componlnts. Mo
tion in a curved path is described by paramelric equation like 
x _ /(I), y - g(t). Ve/ocilll veclo, v, acceleration vector a given by: 

x-com- ,-com-
magni t ude Inclln. tlon pon, nt pon'nt 

r , 'x· dl/dl Uy- dllld f IIII -~ tan 9v" IIy/II~ 

r • G.l- d'x/dll fl y.d'r/dl' (o/-v'o.'+o tan 8.-ay/o. 

E: A putide mons ill I circle of radiul b lrith COllltant IJ\Il1Iar n locity ... 
Find the 'ftiocity and Icceleation. Sol. The parametric eql1.ltionl are x 
b (.OS w, , .. b siD ...t. Then &Ix - - bw tin wt, lIy - bu COl 101, 0. " 
-bw' COl wi - -10021, "y " _bowl l in w .. -.yy. 

2. Radial and t ra nl ........ component.. The components of 
the velocity vector Iiong the radiul veclor and perpendicular to 
it arc called the radial component vr and the trans lI ,rre compo
nent 'to respec ti vely. If the pol. r equa tions of motion a re r _ f (t ), 
9-g(t ). then vr - dr/ dt, Yo- r de/dt. 

3. Tan!Jentia l and normal eomponents. The direc tion of 
the velOCIty vector is always along the tangent. The components 
of the accelera tion vec tor along the tangent and normal a re 
caUed the langenlial component, at and the normal component. 
an' respectively: at - dll/ d t and a n - v'K where K Is the curva
ture at the poin t of the curve defined in VIII. 

I tl - 611 + 1 1 0 O" R formula II lil, - ---sz;r=r-' Let XI _ D' Then lixl - --=6 - .2. 1,-.... e· 

O 0.008-1+1 O.GOa -. 0 
pllce XI by .2. Thtn bx, - - 3(0.a.) - s • - =ua - 0 ....... 16.1, - .2011 

,x 
THE MEAN VALUE T HEOREM AND INDETER. 

M INATE FORMS. A.MEAN 'J ./ 
VAlUE THEOREM. The b.sll of A" 11 ~ 0 

the theorem is that a t some ~ 
pOint R be tween P and Q, the 
tangen t a t R will be plra llel f(bH(g) 
to the secant PQ: II f (x) is 
a sin91c--valued dilfer~nliClble P: b-o Ub) 
lunction in Ihe interval (a,b) , ~ nflol 
Ihen there is at lealt one value :-';41::::.--___ -1,- . 
01 x, 01 x such that a < x, < b lor'" .·0 .·b 
which f( b) - f (a) - (b - a)f '(II,). U P and Q lie on the x-uis, the 
result says tha t f '(.) - O and is known as Rolle's theorem. 

B.INDETERMINATE FORMS (0/ 0, 00/00, O . 00 ; 0°, ",,0. 100; 
00 - 00 ). If fo r . p.r ticular value x _ a, F(x) Issumes an indetermi
nate fo rm, then F(a) is not defined. To find the limit of F(x) as.x 
approaches a (if this limit exists) use the following Rule: If 1(,) 
and g(x) are differen tiable and either I(a) - ,,(a) - O or 1(0) _ 
9(0) - "" , then lim f (x)/IiI(It) - lim f ' (It)/g (x). provided the a-I . _ . 
latter limit exists (a may be fin ite or Inftnhe). If /'(X)/9'(X) is 
Itself an indetermina Ie fo rm % or 00/00. the same rule may be 
a pplied to obtain I'(X)/9"(X) Ind this procedure repeated un ti l 
the expression is not inde terminate. . If 
EI: En luate lim lee I • sin If. Sol. lim teC I • tin If-Iim ~.lim 

~l ~1 --i COIl ' -"1 
!2co. b 2(-1) . 
-lin I -Hl"2. E2 : E"aluate !~o (1+ 41)11". Sol. r-(l + ol )'''', In r oo 

o 
I . . In(1 + at) . lta.r 
i In(I + ClI)'~~oln N· ~~o--'- "~o-I-!"'a'.~l·'o 

LIMITS 

I . IIm...!.. .. Q o r '=: 
g 0 00 

n. IImf · g _ O . "" 

l
' ~ 

lII. 11m fg .. ..,0 

O· 

IV. 11 m (f - g ) _ "" - oc 

EV ALUATION PROCEOURE 

Apply R~le to lim l • 
Apply Rule to lim ~ or lim VI 
U II - I', In r - g In I wbich is of 
Type JI. Apply procedure for 
Type II to evaluate lim In 1I - c. 
Then lim u _ ec 

U possible, transform I 9 into 
Type I, use Type I procedure 

x 
PARTIA L DIFFERENTIATI ON . A.PARTlAl DERIVATIVE. 

The partial derillalive of a function I(x,y) with respect to one of _ 
its independen t va riables x is the derivlltive of I with 'respec t to x 
when all independent variables except x are held constan t. H ~e 

iff itt f (lt +lI.. y) - f (x,y) =0 
Is writ ten ax or f •. In symbols, a; - 1!~ 'l!.x . ~~ 

For the suriace : - /(x,/I), I. mly be in lerpre ted 85 the slope of :g ...... 
the tangent of Ihe curve whith is the intemction of the surface ;::;2 
with. plane y - constan t. This partial derivative I •• in turn, is :;:; 
also a function of x .nd /land its higher order partial derivatives, t:"' 
written J... ('!!) _ .£!.. _ f,. , e tc. may be found simil.r1y. -

oy ax oy .Jx 
When a func lion and ali its partial deriva tives of n- th and lower 
order arc continuous, then Ihe order 01 diffe renliation in anll 
pa rlial derivalive 01 order n or leI! is immaterial, the result de
pending only on the total number of differentiations with respect 
10 e.ch variable whlcb occurs. For example, Iyyuy - /uyy'l =:JI: 
E' lf z_ ell cos V find.!! ..£..!.. Sol !!:-t tncosr ...f..!.. • ..£...!.. .. ~~ o' 'a,' ilxoJlI • oJI ' al dr a,lal C'J ...... 

aj(2t l1l cOS JI).-2t h lin r. =;:::; 
B.TOTAl DIFFERENTiAl: APPROXIMATIONS. The total differenlial ~;: 

df of a function I(x,v) is defined by df _ f . dll+fy dy where _ " 
d lt - 4J:, dy - .6y. For small increments of the inde pendent vari- z;: 
ables, dl is an .pprozimation to Ihe incremen t .61 of the function ;: li 
(used in approximation and error calcul.tions). For the surface '" 
%- j(x,V), d: represents the change in I to the tangenl plane to ~g 
the surface as x and /I undergo independent changes wbile 41 CII en 
represents the chlnge in: to the surface. .,?:.g 
E: Find the Ippronmlte mllimum mor in the 'foiume of I richt circular :.::: n 
crlinder of radius 2 II. and lititude 3 ft. with possible errOR of 1/ . in. in ncb CII:;:oI; 
dimension. Sol. The 'otume is &inn b1 V _ 1:r'h, b V ",dV .. 1:(2rh dr+ r'dh), i £: 
r .. i, h .. S, dr .. dh _ I/U. liV _ 'l(2 ' :l ' 3' 1/ U + "I/ U) - 1:/S CII. ft ClI-

ve.:. !r,I~~~nE,:!~AJ~:f~,~~v!~=: O~F/(!~II~ I !~~E~es~c~ ~ox~tl; ~ ~ 
~ - f . ~ + f y ~ . It is the ordinary deriva live of I1x( f), 11(1)1 ~ ~ 
considered as a func tion of one variable (. If I represents time, ~ c 
this may be in terpreted IS a rate equation, expressing the ra te CII! 
of change of l(x ,lI) in terms of x,lIand their rates ot chan,e. If S;; 
x .nd 11 undergo a change of v.riables, x - x(u,v) , II - II(U,V), ;1: .... 

then I becomes a function of u and v. Then aI/au is given by ~-4 

~ - f ,; :~ + fy~. A similar equation obtains for ¥V. 
EI: AI wbal tile iJ the 'folume of I rectan(lllar puaUtlopiptd tbanrinl: wbell 
nch &ide is 10 in. Ion, Ind the dimen5ions are incttuin, I, 2, and S in./st(. 

rupectinl,? Sol. The Tolume V is P 'f co. b1 V _ . yr. ar - rt ¥,+n it + 
dz dV ~~ 

'll iii ' z-r - z _ 10, dl _ l, dll_ 2, d: -S. ii/-l00(1)+100(2)+100(, ) ,, 600 :i ~ 
c~ 

cu. in·/m .. 0: If l - ,Ix sod I - r cos e, v - r sin 8, And ~ Sol. ~- e;: 
!! !!+i! ~ _(_I.) (- r un 9)+(! ) (r cos 8) _ r

l 
sin' 8 +1 - s«' 9 ; § 

ilX0J8 aydO I' I r'cas' 9 o;t 
O.DIRECTlONAl DERIVATIVE. The rate of cbange at P(x.v) of the ;X ~ 

fu nction I(x,y) wi th respect to dis- y zJ ~ = 
tance along the line whose di rection AI Rf. IZ 7' u: 
Is fixed by dis placemenls .6x, t..y is Ay ~ Z 

df dlt dy _ 
given by d- .. f ,; -d + f y -d - tf I "? ~ s s s .y A. :-
f . eOI a+ f y s in a. I ts value de- • ~ ~ 
pends upon the direction of anglea aswellss point P(X,II) . It is ~ ~ 
called the diuclional derivatiue of I . The maximum vBlue 01 11:;;:; 

I~ l at P is VI. '+1,/ and occun for the direction of the vector ~ ~ 
whose x- and ".components are I • • nd Iy respectively. This ,;,':' 
vector is ca lled the gradienl of J and is orthogonal a t P 10 the ... Z 

cur ve I(x , II) - constan t. § ~ 
E: Find the dirtCtional derintin of : - In(I '+V') It (S,. ) in the direction z , 

• d% lf . 2.u. 6 1 8 11 Vi '% ,,_Ui. Sol. dj · I'+,' COlet-rmSlDct-i5' ",,+j5 ' "" .~ !~ 
E.MAXIMA AND "1~tWA. A local maximum or tocal minimum of C; = 

• fu nc tion of two independent va riables : - /(x,lI) is de fi ned by 
analogy to the corresponding case for a function of one independ
ent variable . To find loca l maxima or minima: ... Solve simultlne-
ously I. - 0. Iy - 0 to yield all stationar y points . ... At each sla- "-. 
tionar y point P(Xoollo) evaluale .6 - 1 .. /yy -Jf.ylnd/u (or In)' _ 

tocaJ mulmum If .6>0 and I .. (or /yy) < O CI 

local minimum If I 0.>0 and I .. (or lyy»D Ci~ 
neither if 0. < 0. U 6. _ 0, the test fails. ~: 

~-
E: Bllmine/(l,v) - z3-bll+r' for muimum 'lId minimum "aluea. $01. /" r-~ 
- ll' - 311 - <l, /r - SV'- St - 0. Substi tute V from first equltion into tbe second ... 

equa tion to yield I '-X- O or 1 - 0, 1. Stltionll'}" points are (0,0) lod (1,1). ~~ 
now ! .. - b , 127 - - s, 117 - 6N, li - S6Iv-t. At (0,0), b - - t , 10 tha t (0,0) z~ 
il neithet l UlU. nor I mIri. At (1,1), li > O, /u > 0 10 1(1,1) - - 1 is • loc.al min. L..:.:.. 

F.TANGEHT PLANE. NORMAL LINE TO A SURFACE. AU lines ta n-
gent to I. surface I(x,y.z) - O a t a point P(xl,Yu'a) lie in a plane 
called the tang~nl plane to th~ surlau a t P. l IS equation is 

(It-X1)(t), + (y _ y ')(~yf). + (Z - z,)(~). _ O. Here (~). 
~ ~ 

is value of dl /ax a t P, e tc. The line through P or thogonal to this ~~5 
plane is called the normal line 10 the surlace I.t P. I ts equa tion is -~ 

() () () 
;;~S 

[It-x,I + j!.... - Iy- y,\ + .E!.. - [z - z,1 + ~ ;RCip 
d. , ay I dz , ,c.I"'c 

E: Find the equation of the tan,enl pllDe Int!. nonnal line to the swflce 11-

Svl+ :'., at P(2,l ,- I ). Sol. At P, (~n, ... (~~I - -', (~DI - - 2. The 

equltion tlnlent pll ne II '(x-2)- . (y- I) - 2(1+1) _ 0 or If - 7V- 1. S. 
The equl tion of the normal Une Is (,1-i)/2 - (N - 1)/-2 - (I +1)/ - 1. 

=~J 
E'~ 



Bridgewate r State 
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INDEFINITE INTEGRALS (ANTIDERIVATIVES). A. OErlIllITlONS. 
J. (I I il rhf dfrillOtilif oj Q /1I1"fion , 10 thllt f = I , rhfn , if ni" 

10 bt lin ant ld. rlvaUve 01 1. 11 C is II eonsfCInt Ihtt! c · = O. (' +C)' = I. 
and , + C is 11110 an anlidtriV(llilit 01 I. Z. II both f' :; 9 lind h' =g then 
(h - f) ' = O; there Is a constant C sUllh tha t h - I = C or h =I + C. 
The function I has an antlderlntlve at each point Interior to I n 
Intervll on which 115 continuous. 
E: (.tl)' = JJI, 1.1 i. ID IlDliderinlin of Jzl, I.lld ntb alllidtriuli ... 0 1 31.1 
[s /If tb, forll\ x'+C • .. bete C is • canstillt. 

I . flIE IND.EFlNlrE INTESRAL. Tht collrelion of all ontid.rivativts of I is 
eal/ttl Ih t Indlnnll l Int" r.1 of Ihe Inteerand g. th'ir valun att 
d.notttl by I,{x)dx. III ' = g, then I I(x)dx = f(x) +C. The constant 
C I, called the constant af Int.,ratlon. 
E: / lx'dx = xl+C; xl+ S il In indefinile inlegnl of lX', another I, x' - 7. 
C DIFfERENTIATION AND INTEGRATION. Said to be Inverse to eaCh other 

In' the sense tha t , It • is dilJettntioblt ond if II(X)dI is on IIntidttillll
fille 0/ , Ihtn: 

(/I(x)dx,. = 1(1). I " (x}dx = ' (x)+C 

(j.11I X dx)' = lin z I COS!( dIl ;;;; . In x+C. 

Thus, /g(x)dz = f(.l)+C ean always be cheeked; It will be t rue It 
and only It r(x) = 9(Z). 
D. ",o,ElTlU. L U k Is any constant, then fk [f(xlld. = k/ f(x)dx. 

Z. The Indennlte Inugral of a sum (or dlfrerence) of functions is the 
sum (or dlnerence) of their Indefinite Integrals. Thus 

flt (x)± I(x) ::I:h(I»)dx = fl( X)dl::l:JI(I )dl :l: f h(x)dx 
E: / (3x' - 5%+ 3) dx = 31 J l dr - 51 J: dz+ J f dx = )(1 - 5/2 x1+lt+C 

E. nANOAlD r"!~fIHIT[ INTEGRALS. I l - 'III(OI till 
1. lundU = U+

1
+C (II# - 11 11. lalll/du: Inlueul +C 

" I 1 IlI lainu] I 
2. J~ = ln l u l +C(ln = IOIe) 12. toll/du : - /n [eseul +C 

3. J aUdu = ,:11
11 

+ C (0)0, 0¢-1) 13. / SfC u du= ln lsec U+ tUl ti l + C 

• • !,Udu=4rU+ C 14. !CScudu= ln IClCu - CIII U1+C 

I du I II 
5. f.1n 11 du = - co. II+ C 15. ~ = ii Artflll ;;+C 

6. J COl 11 d u = .111 u+ C 16. J III~fll = Fa /n I ~+: I +C 

I 17. 1~ = ..!..ln 1!±!!I+c 
7. ntf II du = Ian Il+ C /I' - U' 2/1 /I - II 

I 18. I_~ = Aruin~+C I. fief u dll = - tol u+ C V/lI_ UI II 

g. lue ulan Ildu = sec u+ C 19. 1_~=lnru+"lIf ::l:: afl +C 
vuf ::l::a1 

I I dU I u 
10. e" II t011l du = - esc u+ C 20. - -- = - Aresec -+C 

U"Ul_/ll a 0 

Since taJl' = :~ lJId' = AUlill:', i J = _~,-/m'in :',+ c v4- xl v4_x' 
f . IUIONAl fUNCTIONS Of SINES AND COSIHES. The substitution Int'lrll ot the Integrand I from the 10"" limit a to the upptf' 

COS U by. rational funotlon of Z, slnoo limit b. ThuJ I(x}cb = n-te r ' (lj)AJr. 
u = 2 Ardi n Z will replace any rational function ot sin u and f.b lim 1'1 

2Z 1-Z2 2dZ • 11"'" - 0 j-I 
.In u = i+IIo e • • u = !+pi I nd du = 1+ Z2 If I I. closed I nd I I. conll nuou. on I thi n I II Intl,rlbl l on I , 

1 I I I Ihlt II /,bf( I }d1 u lsb. The variable of Integration In a dennlte 

AI"fr In:graung'jUse Z ~2 u to return to the.: g na Integral c:n be replaced : f.b ' (I)dX=hb' (W)dW=fab ' (I )dl =/.b ' (8)d8. 

E: ----!........ = I+zt - f~-~ArcllJl ZVs+C 
l - 2 cos x C ll) - I+SZ1 ~ S • . I'tIOPEITIEI. (1 )f ab/(X)dI =- fbil/(X)dI; f:I(I)dI = O 

l - 2 I+ ZI 2\15 ('" I ) f' f,' !,' !,' !,' = T ArctaJl Halljx +C (2) .f(x)dx+ b f (I)dI = af(x)dx. (3) iI kfCI )dx= k .f(x)dx 

Q. IMTE'IAlS OF TYPE 1·lnmu e"l'Iuelu. f' f' 
L If m I. I po.ltln odd Jnte,er, use sin m-I u COS l'Iu (sin II du) = (4) J.bU(X) + g(X)tdX = • I(x)dx + a g(X)dI. (S)ltf(x) Sg(x) on I then 
_ sin m-Iu cos "u d(cos u) and express sin m-III In terms of cos II. 

2. If n I •• pOIIIl" odd Inl',Ir, use sin mil cos 1'1-111 (cos II du) = f,b/(x)dXSf,bg(2)dX. (Ii) lfabf (X)dx IS L.b lf(X) JdX. 
sin mu cos 1'1-lu d(sln u) .nd express cos I'I -IU In terms of s in u. 
3. If mind n .r. noniie,.II" .nn Inte,.n transform the Integrand C. AREA. The area between the curve II = I(I), the I-axis and the lines 

by use of double angle Identi ties. = II and x = b Is given by: A = f,b Y d x = /..b f(x}d x. 
E: f sln'x eoslx dx = I siIllx COI',t (cos X dx) = 
I dnlx (I -liIllx) d(siII x)= 1/3 I1nll - I/S liIlrx+ C . • · i; ~;;i,; .j.i ;:i,;;'; be positive It wholly above the X-Ills, will be 'negatlve 

I the x-axis. If part 01 the area Is above and part below 
H. TYPE ltanmu Me"u du AND leotmu cunu .,u · ~ ,! .h,' .. =!:~~": 11 above Inte,,,1 ,Ives the algebraiC sum ot the positive 
L If m II.n 'nt'llr > 1, UII: tanmu = h bo dod b 
tan m- Iu tan IU = tanm-I ll (sec I ll _ I). l i~~::~=f:J1 and negative pieces. Similarly, t e area un y 
cotmu = cotm- Iu cot IU = cotm-III (esc I II- I). the curve X = g(y), the Jines JI = e, Y = d, and the 
Z. lf n ". po.ltl" .nn Int.,er, UII : JI-axls Is given by: (d (d 
tanmll see l'Iu dll = tanmu see I'I - IU (sec III du) = tanmu sec 1'1-2u "l~_=--l,,-b X ill A = Jc x eI)' = Jc ,()' )d)' 
d (tan u), and erpress seen-III In terms ot tan II by tan 18+ I = sec 18. 
Simil arly for cotmll esc 1'111 du (use cot 18+ 1 = esc 18). D. "EAN VALUE OF A FUNCTION . f' 
3. If m II. pOilU" ocId Inuler, UII: It m S I(I ) S M on l : aS I S b, then m (b - II) S I(I)dI S M(b - o). 

tan mil sec 1'1 11 du = tan m-Iu sec n- Iu (tan II sec u du) = tan m-Iu num berfb/(I)dX/(b - O) Is the mean or aver:ge ulue 9 = I(x) of 
sec n-Iu d(secu), and erpress tan m-Iu In terms of secu by tan '+1 = iI 

sec I ,. Similarly for cot mu esc nu duo I. Since (b -a) 9 = i b 
l (x)dI, 9 Is the altitude ot a rectlngle 

E: / eot'XCSt'Id:r= /coUx cst'x (col ,telc xdx) = iI f' 
I 2 I with base I (of length b- a), and area equll to iI l(x)dI. Evidently - I (estlx-I )I ele'x d(tlt x) = - ,tKT:r+stsClx- J CK I,t+ C 

I . .. AITIAL fIlACTI ONS. If P(I ) and Q(x) are polynomials their rati o mSgSM. If fls continuous on I, then I has an Interior point E such 
R(x) = P(x)/Q(x) Is a ra tlonal lunctlon. In seeklng I R(x)dx, nnt re- that/CO = f (x). 
move common lactors 01 P(I) and Q(x) and then d ivide, If necessary, ---____ V _____ _ 

until the degree of P Is less than the degree 01 Q. EXACT EVALUATION OF DEFINITE INTEGR ALS. 
WHEN THE DENO .. INAToR O(X) HAS : A. fUNDAMENTAL THEOIIE .. S. L Letf be Integrable on I : aS I Sb. It I 
1. Non Rlpe.tld Linear flcton: For each such factor write a Ulrm 9 Is denned on I by the formula ,(x) = fa· f(t )dt, then gl5 

A/(x - lX). Bach such partial fraction wllllntegraUl lnto a logarithm on I so long aslls Integrable. 
2. Repelted L1nlar F.cton: For each r-fold linear factor write ( 

AI AI + + Ar Th n f th 1111 te- ISlpolntoll and/ lsCOntinUOusatI=O',then,(x) = Jil ' (t )dt 
sum: 1=«+ (x- a)1 • • • (I_ a)r· e nt 0 IlS& W n differentiable at I = a and ,'(a-) = ' (a). Thus 9 Is an antlderlvl-
grate Into a logarlthm j I II of the others are of type fun duo tlve 01 I. II F Is any antlderlvative 01 f, then F(I) = g(I)+C = 
JA~+; R.puted Qu.dratic Facton: For eaca such factor f 1(t)dl+C. When I = a, C = F(a),' whence 

ii+Pi+ci' The IntegraI O f eachsuchff~~CtlOn oln be a F(x) = F(a) + fx' (t )dt = F(I>+ f' F'(t )dt. 
Ii" and the standard formulu. a f" 

______ II 4. R.pelted QUld,.t'c Fitton: For each r-fold quadratic E: Sinte (siII x)' = COl x, sill X = lill /I + a COl I df. 

TECHNIQUES OF INTEGRATION. ";,,",.m",;,.1 wrIUlthesum'~ + AII + BI + •••• + Arx +Br . 3. lf fls contlnuouslnleJOHd lnternllnd Flunyant/derlvltlnolf: 
A. CHANGE OF FOIIM. Applicable Identities (olgtb,aie, .. ·XI+PI +q (11 +p.+q)' (11 +px+q)r !, b f ( ld _ F(b)-F(I) = F(x) I b (where. and b are numbers-In 

etc.) ml, put the Inte,rand Into manageable lorm. The tlrs t of these Is Integrated as In 3 above. Elch or the others Is In- a x x - iI the given Internl). 

~:fi:~ t:tir~s~ (!~;tf~:~ttr:~s~;!d~o~ o:l;ii{~+~~'~/I,t)d,t t/et~:!~B~)~~low~kw/rl~~+p)dI ( 'Ak ) 1 dl E: J.rn 
cos x dx = sin,t I ~h = lin 1- liII 0 = I h' 

I . INTEGUTION IY PUTI. Since UII)' = 1'1I+lg', Integration yields (II + PI+q)k = 2 (xl + PI+ q)k + Bk - y (I ' +PX + q)'" The fundame ntal theorem reduces the calculation, l(x)dI to two 
fll '(I)g(X) +!(x)g·(x»)dx = /(x)g(x) + C d , - ~ oed to 

The tl.rat InUlgnl ls of tYPII/undu, the secon can...., .-..... u one steps: (a) nndlng an antiderlvaUve FoI l, (b) calculating F(b) - F(a). 
When Written I ' (x),'(x)dx = ' (x)I (I )-I" (x),(x}dx, It lound In a table 01 Integrals. I 
ru le tor " Integrating by parts." x4- B1I+ 2bl-14x+ 7 /I b ex+ d u +f E1 : f.-,' , +d~x = j Inl2 +lxll~', = i [ ,nl2- II I-lnI2- 1I1 = j In ; 
E:II/(x) = ,tlilldg'(x) = IJII, g(,t) = lelll + C tben E: R(x) = (2,t-1)' (xf+ 2}1 = h=j+ (2I-I,,+ li+i+ (,t1+ 2)1' 

Il/xe
x 1l

dx. Inl ~b,~,',~~1 ;e~e:~~~i ~JC,~~X ~~ft~/~-lIe.II+C On durinC of frictions we bin the Idenlity x4-8x42411-14x+7 = E2:Flnd thel

k1
rtl enclosed by /I = Xl, the Hnux

i 
f=' -I, x

l

= '/.' ;nd Ihe X-Ull 
a(2,t - I)(xl+ 2)1+ b(x'+ 2)1+ (ex+d)(2x -I )I(11+ 2)+(u +n<2x - l)' . ® Y v Sol : Am = _, x'd,t + • ,tTdx 

ThuIlx"Xlld,t = lxl,.II- lill:'."+ S4rJIl + C', .. bere C' = - IIC From wblch /I = 0, II = 1, e = O, d = 0,' = - 2,1 = 3. 
Inte,ratlon by ,arts Is ,artlcularly uselu l when a,plled to: ,rodUllts • "'Y1 " 1'1'1 "~I ' I ( 1)'1 (')' 17 I 2,t- l The InleCnl 01 R(x) In Ibl. form tan be _ :.. +_ = _ -=-- + _ = _ 
logarithms, InverSfl trigonometric runctlons,odd pawersof Stc and esc. Thul R(x} = (2,t-I)I -~ ICcomplished hy Ule of the method .bon. , al l - 4 -I 4 f 4 4 4 
C. IUBSTITUTION. If I is allinelion 01 u artd u is alunetion o/x,/or whieh III B. CHANGE OF VAIII .... LE (SUBSTITUTION). It I = g(l ) wlthg' continuous 

ii lXiJl., lh,n J feu ) ~ dx = J f eu) du+C. APPUCATIONS OF INDEFINITE INTEGRALS. and g'(O#O on eS iS,d
C
' gee; b. ~h~~~ f.b ' (X)dl = r,df(, (t )}"(I )dt . 

A. SLUE OF A CURVE. If/(x) 15 dllrerenUlble at :t = a,/'(o) Is the d) J~ 
E1: Inle,nle: J = 1 (,tl+ l }l 2x dx. Here u = ,1"1+1, J(u) = U1i of the CUrYe /I = /(x) at I = a, and/,(a) Is E: With x = a tan I. dx = a see'I dl, 

,!.-,u = 2l,. du = !..,", dx = 2x d,t. Thul J = lu1dll = ~I +C = -('_'+_,_1_)1 + C. the Instantaneous rate of chlnge 01" CD Y ,--.'+4 I.a ~ = /..-/4 co lec'tdf = !/. __ /4 dt = .!.. 

I 
" I I du with respect to.I at I = a. • al+ ,tl • 0 1 lecll O. t il 

U l lolt,rlle: IC = Jij-4xl' Let u = 2x. Ihul IC = 2" .;o::i;i = .a~~ C. INTEGRATIOft IY PAiTI. It l' and g' are continuous for a~ I S b then 

I . ' C I . 21 + C f.b f{1}J'(x}dl = I(b}' (b)-'(a),(a)- f.
h 

1' (I)I(I)dI "2 Aresm j + ="2 Amln J 
O. ELE .. ENTARY IATIONAlillNG SUBSTITUTION. !' If Integrand Is In al- E: hI , III In x dx = ,21 In 3-e2l 1n 2 _1.. hS~ dx 

lebrllc function Ind Involves Jus t onB radical vu+b with a linear 2 a VI a 2 x 

radlClnd IS the only Irrat ional feature, substitute u = ~.x +b. APPROXIMATE INTEGRAnON . Approximation proceduresare used 

I 
x dx I when the Indennlte Integral cannot be expressed In Ulrms of elemen-

E: IDleerlle, J = ..;'Ji"+T+ I· Lei II = Vl x+l ; ul = 3x+ I;,t = i (Ill _ I); tary functions, Ind when the Integrand 19 denned by means of I 
table of values. 

d,t= ,!U duo J=,!/(UI_I )dU=-"7", - ,~II+ C = ,l7{l% +I )m-,~(Jx+I )LfI+ C E: A 1I0ne w .. thrown A. TRAPEZOIDAl BUlE. When/(I ) does not chlnge sign on the Internl 
.bon the ground, with /. ' J dl J dx ' feed 20 letonds later. l: aSx ~b,an approrlmateYa lueor I (I)dlls: 

2. Int'lra l, 01 t)'pl AII+Bx+C Ind "/AxJ+Bx+C· ~I~~t,e~ ~~::; ~~:e/lC== -4B.- J.bf(X)d l "~[ 1 (1 ) +2f(a +h) +2f(.~2h)+ " +21(a +ln - 1Ih l+l (b)] 
complete the square for the terms In I to obtain a type which can -48t+Ct• When t = O,s= 10,oooi 
usually be solved by standard ro rmu las. + 10,000. Whell t = 20, s = 2640, v = where h = b-a, and n Is the nu mber of equal subintervals ot I. ,. I " - I d, - I dx - ' 2640 fee l abon the cround IJId Its I~ed il n 

• "111- x1- 1I1 - VIII+ II (X'+ 1I1+ 1I) - "25 (,t+J)I - IV E: Approximlle /.1 " I+,tl d% with n = 5. Sol : h = O.Z; /I = 0, a+h = 0.2, 
THE DEFINITE INTEGRAL A. DEfiNITION. Let{ be deDned ona • 

ArCIlnlr3 +C foi\ Intern I : oSxSb. a + 2h =0.4,/1 + l h = 0.11, II + 4h = 0.', b = I. f ~ dx .. 

W polnLl xJ(j = O"';,·:i":i~;;.'.i~: I¥CI;" v .... ii+-2'Im.+ 'V'm'+'1 Vi:li;i+ 'Ii) E. unOHAllUTlOM BY TRIGONDMETH IC SUBSTITUTIONS. When In te- tblt O=IO < II < ... .. = I.IIS 
Irand contains radicals (with a>O) ot type: <xI'I=b. Let the 

X Ij :IJ-1S I Slj U t . II .... SON'I ItllE. When / (I) does not chanle sl," on tbe In tenll 

~-rt""f-I,:",,-"",-,'--L_" ~~~e ~::C!!S 61~e l: a5 15b. an approllmate value of J.b I(x)dx Is: 

~~~ lnl:r~~I; ~~ fl~e;jI. n !.b f(X)dx _ ';[f(a) +~'(. + h )+ 2'{. + 2h ) + 4f(a + Jh) + 2f{a +4h) 

calculate / OJ)6JI and fo rm the sum.I; = • • + 2I(a + 12n - 2Jh } + 4'(a + (2n - llh ) + feb}] b-. 
. If :E approaches a limit IS n-tll) and 116.,t1l-.0 ·)n".~md, I ·'u,~ n = 2i!' and n is the number of Bqual sublntenlls ot I. 

both the subintervals used and the choice of an exact value when I(x} Is a polynomlll 
to be Integrable (In the sense of Riemann) 

fOR SU BSTITUTE TO OBTA IN 
L " 02_UI U = I s'n , "al_ul = I COS ~ 

L "a l + 1I1 u =.l.In , "al+ul = •• ee • ,. Vl/I _ aJ u=auc , u l - al = a t.n , 

I xldx 
E: Inlelrlle: J= (4_xf)ItI' Lei x= 2 sin ' ... ilb tOI ~> O, dx=2 COl' d' i 

Ilm
l
' COS, d, I I thus J = cal" = tanl , d~ = (secl ' -I )d~ = Ian , - ' +C 



In polar coord inates lor r = /(9) from 6 = B1 to 8 = 61 : 

((}81 r cos(J d$ { (JJ r oosfl ~" + (*r de J(J~' r s\n8 ds 
1= 111 _ lth '6 _ 

E: A"rOllimlte!.' .' d. with /I = •. Sol : II = 1/2 ' If _ 0 0+' _ t / 2 "WOTH OF A cUIVE. The length of a curve L 15 given by Integrating 
, - , -, t he dllTerenUai 01 arc length ds. R.ebnlul.r CoordhUltn: 

.. +211:::: 1,0+311 = 3/ 2, b = 2. NOT£: Encl 1'J.Iue of 1.2 
I'd. = .:..,' 12 = S/3. fb{>+OO" 

• I 1 For curve 1/ ;;: /(1) between ~ 

/.2.l"d . .. ¥ [ 0+4(i)+2(1 }+tU)+4]= S/3. ~ =(l andx=b l= a 1+ CIi dl f:,J ds fil~\/r~+(~r d B , - g11dl, 

\III 1. For curve x = g(g) between L =J,d ~l+(_d',I)i dr E: Find the cent.c.:d of • wire 01 coui lult density "bitb il in the form 01. 
IM PRO,n INTEGRALS. A. INFINITE LJUm OF INTEGIATIOH, 1I = ,and 11 = d semici rcle . Sol : Consider the .ire u the up~r ba ll of the circle ,1+111 = ,1 , 

1. SUppose that/ Is continuous tor II $ .t <cc. We denne LtD ' (I )et. = l;:'~"~'~';"~'~"~'~_~/("f1;:'~'~=~';;(;;f1----:-t-=CJ.~.bbC, , 1 (;;g.,C'o~)~'~+=(;;<!ld"O;;)O'~d-t 2 1r 
V' ?_ 1I1 dV 2 J.' /I 27 

tl~: f ' (I)dl, provided the limit uls15 and 1$ nnlte. -:;~';:<:' <:;:b;;::;:::-________ .!..'~V~":.:: ' :"'~~:"'_ By symmetry f = O. fI = . ..., - i I Vrl_ 1I1 dV = i" • J. . dx lim f.t d~ lim (,,-P - I) 1 '1 Pol., Coordln.tn : C, PUNE ABEA, 1 Consider area 2. SlmliarlY,1I the area Is bounded 
E; II ;# 1, I '"iii" = I~ IIO I fp = 1-+110 -r=:e = ,6- 1 I P>1i ;-;~~~:';;';;;;;-;;:;=:-----;;;-;=::::;;",,'i'"-- bounded by II = l(x),[contlnUOU9 by x = g(v), the II-Ills I nd IInos 

+ - " ' < I .. For curve r -/(' ) between J." ..} (d')i lor 1: (I :$ xS liJ, t he x-aIls , and the, = ('amlg = d, then the g-coord. = - I . fb ' - L =" ,,+ -d , d, • Similarly, If I Is continuous tor _ <10 <x ~ b, we denne '0 ' (II) d II: = 8 = 81 and 8 = 8, lines x = a and x = b. The x-coord. (9) at the centroid tor this dUrer-• -;:;;~~;-;~-:;;:~=;;;;;------'~-c,=~~",c-- (I) or the centroid will be: ent area w!ll be: 

O~I~ac J.b ' (J. )d l!:, proVided the limit exists and Is nnlte. 5. For curve 8 = 9(r) between /.rl _1 (dB)' f,b II: t (J.}d l!: J,d '1 ' ('1 )d, 
~ fO f' /." r = rl andr =r, L= r V1+

rl dr dr 
J. U/18 conUnuou s for - ac <x <<>: , _ .. f(J.)elx = ' (J.ld. + ' (J. ld., ' 1= f.b 9 = fa 

- .. e El: ¥ind tbe lolallenglb 01 Ibe circumference C ol tbe eircle xl+ lI' _ rl. Area = , ' (I!:ldl A". ;;: ,,(,ld, 
where c Is any number, provided both the Integrals on the right exist d ~ 
and are nnlte. fO f. f ' I." 501: For xl+VI ;;: ,I; -dV = _!: 1+("') =! = _ '_ . J. It the area A Is such that the expressions for J and g can be appUed 
E: Enlulte, if pGllible, xldx. Sol: xldx = Xl dol + .ldx. x V dx 1I VII_X' then the centroid Is uniquely determined. - ... -.. ' I.' d NOTE :1. lf / (Xl lsnon-negativeonl2. If a plane area Is symmetric 
Conllder f ... ldx = Ihn /. ' xldx = lim ~ I' _ lim ft Tbul bY lymmelrJ C = 4 ~ = 4r Aretin! I r = 2 ~ r. I, then D CAn a lso be obtained from with respect to a line L, then Its 

t I~ac I f~w 4 I - I~ac '4 = <10. • r'- .' , I ! £ b ,1(X)el1 centroid Is on L. 

Henee, /." ~Idl don nol ni l l. ThUI , without (onslderiog l~ ~Id~ . tbe £2: :he leogth af the cudiold, = 1+ cal' l, L ;;: 2 1." ~rl + (~)' d. = g = 2 "Area 

originllintegral fal l. to u i,t. 2 I. '112+2 (os. d. = 8. E: Find the centroid of the arn ellt/ol ed by tbe panbol.r. 1/' = 4~ and the 
• • DISCONTINUOUS INTEUAHO. L If /(~) Is continuous on the Interval I line x ;;: 4. Sol: V = 0 since the arn Is Iymmetric with respect to the X-Ilil. 

b II. AREA Of' A SURFACE OFREVOlUTION.(1) Whenll =/(~) Is revolved about ¥fb Also /(~) = 2-.1;, IlId the arn of I IJPital 
05 ~ < b bu t Is dlscontLnuous at .I = b, we denne J. ' (I ),h; the .l-u ls, the area or the surface generated between x;;:er and z=b Is: Y IR\ rec talll ie il 2/(1):11. Thul 

IIm l l>-")d Idedth II I Its I I.b fb ,.~ , \5' 2J.t. 2v'i: d. f ' .'fJd. E-tO .. (I!: I , prov e m till S • S;;:2T., ds;2r I ' (I }v1+I"(1)11d l. NOTE: In a ll formulas (as 12 

2. If lex) Is conUnuous ona < ~~ b but IsdisconUnuou 5 &tl =a, wedenne In parametric form , x = I(!), y = 9(t): ~;~~sasa~J ~~::;v~e~t!~~I~~; 0 I ,~ _ 2fff = 2 I.',' 2';; d. - l,t . lrJd. = '5 

J.b ' (X)dl = ~~~ Lb
, . f{l }ctr, provided tbe limit exist s. /.t-b . /(d')' ( d. )2 are assumed to exist and be 

J. II l ex) Is con tinuou s for all values of x on o ~ x ~ b except at x = c, S = b I _ I ,(t) V it + di dt. continuous. a';e!O~~~~::Vb~l~T~~(~)~~~~I~~ ~h:~~~I ~:.e t~,:a~~:r~v~:;)~~ 

/.
b 11m !.e-E, 11m J. b axis; lines x = a, x = b; about the on that u ls. Thus: 

where o<c<b, I ' (X)ell = !h-iO I '(I )dx + E,-iO CtEI'(I}ctr (2) For ~ = 9(y) revoh'ed about lI-aXis between 11 ;;: c and 11 = d: ~-uls. The cent roid of volume Is 

pro , lded botb limits exist. S = 2r !cd x ds = 2r fed 1(, ) V1 + 11'('1»1 dr · jbTxlf(X)lldl I J.d rril(, )lld'1 
E: Eulul le, if pon ible, 1.2 

(2 - X)-IIIdX = lim J, t -E (2-x} -lfJdx = i;;: a , i 9=0 1;0;9 = Ji 
I E~O In parametric form J.'"' ~(" )' ( d )' f f." S - lr 1(0) +'" d Volum.=r ,If(x)12dl VDlum.=r , 11('1 )lld, 

Um_!('_ )' " l t -E;;:um(_!£ IIJ +!)=!. x=/(/),9=9(1): - I ~ i it dt t. 
E-+O 2 x I E-tQ 2 2 2 NOTE: Functions are (assumed to be) continuous and non-negative. 

0 

_____ 0 VIII ___ (I) In polar coordinates for, = /(8) from 8 = 8,to 8 = 9J. about E: Find the centroid 01 tbe ?olume 01 tbe IiDUd of revolution obtained by 

F+ffiY 
nvolvlng l boutx-uis the regiollbounded byparabolav' = · ; x =1, I =l,V = O. 

wben.= - 5, fortbeeu".ewithiilope31
'

1fordlalteIll3wbenx=-2. thez-axls:S=2rJ8, rsln8 ,1+ iij dO I ,1 . 1 501: r xl.lld. x1dJ 1 VIII . MATHEMATtCAL APPLICATIONS. A 1l0PE E: Wblll, ordinate (8a (d')' ®~ J.' ..r; I.' 
o X 1 = I /. ' =-'-, --;;: i;~=o 

Sol: V :: 3+ L:S 
laldx = 3+.1 1 ~: = 3-125+8 = -II. the g-axls: S = 2r f8~' , cot B ~r2+(~y dB r I x dol !, ~ dol 

• • ",EA BETWEEN TWO CUIVES. U/(~) ~9(X) for (l9 ~ b then the area ---------..:.:.:..---'-..:.:.:..:-----1 E. THEOREM OF PAPPUS. If a plane area Is revolved about IL line In Its 

(Fl ' ) th t I te I bo f b E: Find the Judace Uti of I spbere of rl dius r. Sol: Can be Icnerlted by plane and no t crossIng the area, the volu me of the solid generated Is 
g. over a n rva, a ve A - tl(I )-I(x )ld. re,olriol the upper ball of circle . ' + 1/' = ,l aboul._Ali.. ......ual to product or area and dis t ance traveled by Its ...... nt-Id. 

11 = l ex) Ind below 11 = 9(X) Is: - , ~ .. ~" ' " 
If th (FIg 6) ... given by J.d S = 2 .. J,',V VHU'(x)!' dz = h J.r V" _ .' ( _.') d.;;: 4 .. ,!.r d. = 4 .. rl E: Filld the eentroid of the aru af I .emicircle, uling the faci Ibll the volume 

e curves . A - 1'('1}-f('1>Jd'1 of I spbere of radius r is V = <4/3rr'. Sol: A spbere can be «enerated b, 
.1 = g(v), x = /(Y), area Is given by : - e rotating I liemieirc\e ahout its diameter. Then the u is of re.olution does lIal 
E: Filld the arn bounded by the panbol.r. Vi = 2x and the Hlle " = .--4. 
Sol : Use V II the IndependeDt ' I rilble, for if x were to be used, the inlelui 
would cblll, e form al. = 2. SiDce ON2) 5 v+-t tor -2 :S 1/ :S 4, tbe area Is 

---___ . ,X ______ inten~1 the aru, and since A = 1/ 2:11'I'whUe V = 2r9A, we bave 

PHYSICAL APPUCAnONS. 4 
A. WOIIK. If an object moves along thO x-axis from x, to II under the NOTE: Pappus' Theorem Is useful for V 3r r' 4 

L: ( r +t-f )dV = 18 (F~g 7.) ® VI ,,\ ,,~ action of a force of constant m agnltude F, the dlspllcementlszl-xa determining the volume of a solid of f = 2rA ;;: ,-.--=-, 
Ind the work done by the fo rce during the displacement Is deftned to revolu tion when the centroid Is '~TI : 3r 
be W = F (ll -~I). It the force Is not constant but varies with the 1 ~k_n_ow_n,c·_n_d_"'_=":':''''::':y;. ;;;;;;u;;;~ ____ _ 

Y ~® d ~~.". poSition of the object along tbe ~-ax ls (I.e. 15 a continuous function I XI 
J(x)) ,then the work done In moving W _ fb I{ )d MOMENT OF INERnA. A. OEf'. For II par ticles of point mass mJ 

I ~ O~~_') X the object from x = a to:t = b Is : - a I I eng. 14), the moment 0' Inertl. Is I = '1' m, + rllml +, • , , 

.: X X X(j)---- ~ X 

• • SNINn. Under suita ble conditions the n 
fortil F required to stretch a coiled spring + 'n'mn = 1: r jl m l' For a continuous mass distribution (of con · 

, of I,) " Unattt~hed ® x linear units beyond Its unstretched i _I 
length ls proportional to;x: j(x) = .b(k > O). stant dens ity), I = J r1dm whel'll r equals the diStance or the 
The work done In Increas ing the elonga- element of mass dm from line L. Ir the equation of t he curve Is glyen In parametric form I = I(t), 

II = 9(1), then area formula Is given by A = Lb 
'1 dx = led I(t)f' (t )dt, 

where x = a when 1 = c,x = b when t = d. 
~x Uon from x = 0 to x::::: b( > 0) Is: B. CtJRVE ARC. Let the curve 9 = f(.) (a wire) be given, t be moment 

f.

b k at Inertia 1 with respect to the x-axis Is: 
W = k , x d. = -, (bl - al ) fb fb ~ I.' h = ,,2d, ;;: a II(x)11 Vl+1"(I)11 dx . Slm llarly, ly = ,12d, . 

C. KINETIC ENERGY. Kinetic energy 01 an object moving on a line. If 
C. AIIEA IN POUI COOROINATES. The area of the sector (Fig. 8) with 

' /," outer boundary , = /(8) and 81 '58:S8, Is 2 81 " (9)119. (Small sector 

the force F acts along tbe ~-axls, then the motion along the axis of E: Find tbe moment of inertia ala circumference of I elrcle about . diameter. 
anobJectofmass m Is connected with F by Newton's Law of Motion: 501: For :r1+lI' = rl, moment is four times Ibal 01 the first quadrant arc. 

with angle d8 Is considered as a triangle wi t h altitude r, base rd8, 
d ll d (m (d.),) d. dol f.b I.' . r.7d,\l(d') I.' /.' mdt2 =f(x).HenceTt 2' iii =F(x);;;whence,ltll = ifjI tl!: ;;: I V1dl;;:4 . VI"I+ ~di')dx = • • rVdV =4, . ~dI 

and area 1/2 ' ' rd8 = 1/2 r2d8.) 
• , __ , , ,' . l , . 1.',' _dd,(,!!!IIZ) dt = J.~ZF(r) -dd', dl = /,,:1 F(,)d •• J{ = m,_ 1/' Is the kinetic E: (Fi r. 0) Find the aru inside one loop of tbe cu". .. •• 

~J.I ~~ne IOO P WiIJ b::J.b~lIedforo :s :er~s. r, i.e. forO ~ 8 ~ r/3. The area l. energy of tbe objllCt The change X, - X, In klnetlo energy Is 

- sin'31d~ = - l inlada = - m 10 f." 
2 • 6 • 12 2"1/2 1 = F(~)dx = W, where W Is the work done by F during 
If 0 5 / (8) 5 9(8) tor Ba 58S.BI, t hen the area between the r ays 8 = 81 I, I, 

'J.8J the displacement from x, (when f = fl) to x, (when t :: h). 
and 8 = er,outslde ,=f(8) and Inside, = 9(8) Is i 1,1(8) -11 (8)Jci6. W. D. nUlo PlEUUIE. Pressure equals toroo per 

91 h unit area, p = wh, wbere w Is weight per unit 
E: (Fi(. 10) FiDd the Irel laside the circle r = 3 toS' IlId outside the (J.fdiold volume of the liquid and h Is the depth of 
r = I + to • •. Sol : The arn A _ ill be found by Iymmelry byinte"llinl from db @ submers ion. The total torce F due to liqUid 

0 10 r/3 and doubling. Hence.A = 2 • .! L .. 1' 10 eOI19-(l+cos '}l l d9 = r pressure on a submerged area ot vl rlabledepth 

2 • eii Is F = fa
b 

whldh = lab whdA, wbere dA = Idh 

0- 91 (j) }y 6 '·30019 Is an area element and a, b are least and grea \.8st depths of the area. 
" /!!:EO " 3 r · UID SO & a E: Filld tho tota l force on olle Iide of I pille ill the 

' - f(O) ~ form of an equilaleral tril ngle, of side 2er, whieb i. 

a"a 
.......... ® 0 3 submerged ' ertit&l.ly In wl ter ulltll one edge II 
, 9-0 I I jusl in tho surfl ee of the Wiler. Sol: 

f<"---oo=;;. 0 ""'- 0" 0 @ @ p= fo-fiaw.(er- ~.)dX;;:r(ll l bl . 
-1+008 X ____ _ 

O. VOLUMES OF REVOLUTION. Let the area under 11 = /(x), I.e J.b J(I)dx, CENTER OF MASS (CENTROID). A. DEFINITION. For n particles ot 

1 Th ' ® iD2 iD, I CP point mass ml: Moment = 'Iml+ be revolved about the x-axis thus generating a va ume e area of a I m, I m, 
cross section at this solid by a plane perpendicular to the x-axla Is iDI 11 1 f- . 
...,'. The total volume of the solid of revolution between two parallel 1 ~L ' Iml+'" +'nmn = (:1" m" For a 

planes .I = a and x ;;: b Is Y = :II' Lb 
'1ldl. If tbe area fed .I dill s 1t 1~ r, 11 rn continuous mass distribution : 

J.

d Moment = Ir dm, wbere , equals dlstanoo of t h.e element or maSS 
rt'o lved about the 1I-a:xls, the volume Is V = r , 12d,. Irdm dm from line L. Center of mass, measured from L Is Idm 
E: Find the ,olume (enerated by revoh' in! the Uti under V = .1 trom 1 ; 0 

J. 1.
1 r~T I' r • • CUIVE AlC. Consider a wire of lengtb $ and of constant density 

to x = I aboul the ~-Alis . Sol: Y = r , VId~ = T I x4dz = T • = '7 (maS! per unit length), bent to just nt the graph ~ ;;: J(x) between 
£. VO LUME OF A SOUD WITH kNOWN ClOSISECTION. If A(x) Is t he area points A and B (Fig. 15). Tbe centroid (I, g) will be: 

of every section perpendicular to the x· a:xls, then the volume from 1Y ... 13" ~ B(b,d) ,~ f{ l ) I = f.b JI d. _ Lb JI~ dx 

~ = (I to x ;;: b of a soUd with this cross section Is Y = Lb 
A(.)d .. ol ~ @ J~~~ J.b - 1.b 

x, ~ JI 0 I d. I v'1+11' (. )11 d . 

[I Find the 'olume of the ellipsoid,ii + b' + ~ = I. Sol: For utb bed Similar ly, tbe coordlna tevof ABwlthequaUon solved forx,I= g(g) Is: 

• wi th O:5 x<a the cron l ection bas arel r ile (l-~). The ,olume I. led , d. fed, ~ d, NOTE: If a curve h as an 

I., ') 9 - ~ - - axis ot symmetry, then 
211' ''' , (l-~ dx = j r abC - lc d. - fed v'l+ll'(,)I'd'1 itscenLroldlsontheuls. 

[X _~ rl X]' = 4, 2" v rl-.' +2 Aruin r • = rrl 

C. PUNE AREA. II!: = Jab ,ldA; 1'1 = fed .ldA, where dA Is In lrel 

element so taken that It lies at t he same distance from the gh'en axis. 
E: Filld the momenl of iDertia with respect 10 tbe V-Ilis of the plllle u ea 
behreeD the pJ.lJ.boll V = 0_ .1 and the .-aDs. Sol : 

1'1 = f~s.ldA = LSI .'vd. = 2 J.S (Oxl-.~ ) dx = 2 [3.f _~]: = ~ ---_XII ____ _ 
MUlTl'lE INTEGRAnON- DOUaLE INTEGRAL. 

A. DEfiNITION. ff, f(x,'1)elA = [.bJ,lIa
tll 

'(I,'1)d,dl, where the 
R a IIl tl l 

boundary at R consists or two continuous curves 11 = 9a{X) a nd 
11 ;;: 91(x) ,the boundary or R Is met by a line parallel to the V-axis 
In at most two points, and x=a, x=b are the extreme values of .I on R. 

ff, J.
d {h, ('t ( [/(X,II) Is con-

Similarly, R' (I,'1)dA;;: c Jh
l
('1 l ' (I,'1)d.c dr· tlnuousoverR.1 __ ~ 

If 1(x,y) has the same sign over R, IIRJ(x,'l)dA Is the volume or a t': = 
right cylinder bounded below by the region R In the ~II plane and ~.n 
above by the surface: = J(I,g). :z: = 
When/(x,'l) = I, IIR /{x,y)dA Is the area of the region R, I.e. IIR dl dy. r:;:: 
The double Integral Is evaluated by means or Iterated (successive) ~:; 
Integration. ~ ~ 

E: f,' f'1''1 (x+g)dx dy ;;: flae; +Xll) 1;'1 dll = h' 6J1ldll = 14 ?,;I --___ Xlll ____ _ 

MUlTPLE INTEGRATION- TRIPLE INTEGRAL. 

A. DEfiNITION. ff!. ' ,x,r,l) dV = f.bf. '1 l ll!: l!J:I OI,'1 l '(11,'1,1) dl d'1 da. 
R I '1 , 011 l,el,'1l 

etc. , where the 'IImlts or Integration are chosen to cover the region R. ;! C! 
If I(~,y~) = I, the above triple Integral measures the volume or t he ~~!; 
region R. The triple Integral Is evaluated by Iterated Integration. z ;;:;' 
E: Find the 'olume bounded by the pUlboloid , = 2x'+VI Ind the ;~: 

c,llader, = 4 - VI . ;cl"s 

Sol: Y = 4 i.vi i.-Ih.i i~~~:1 d, dVdx =4 i,Vi J.'/t:;i J(4 - VI) - ~~; 
(2~'+I/I)Jdlldx = 4 I.Vi (<4V-Z~'V- 2;') I ~ dol = T J...Ii(2 _ ll )1l1 dJ 
= .... cubic units. 



AUTHOR: Bernard Kauderer, Ph.D., Chairman, Dept. of Chom;,"y of the Ploinview School, New York. CONSULTANT: Ph.D., University of Ihe City of New York. 
1 . ' RO'UT1.ES. The characteristics by whiCh lubstanOO!i are IdenU· number or st iln lnc:ant ngures). The dcelmal point 15 Ignored In BY OIREtT 'RO'ORTIOHS. 100+245 :;: x+96; I = 39.2 ft. of 

ned I . 'HYSICAL PlO,EJTlU ('," . ) (1 ) Stat.: SOlid, liquid, gas.. counting s lgnlncant figures. £11: 0.00206 has three slgnlncant ng· I . ;C.;;; .; SOLVE BY MOLE METHOD. 2KCIOJ-+2KCI + 302 
(2) Color : Red, Orange, Yellow, Groen, Blue, Indigo, Violet (ROY G u res. h2: 20.60 hu tour slgnlncant "gures. 2 moles-+2 moles+ 3 moles 
BIV ). (l l Odor. " ) hit.: Sour, sweet, biller, salty. (5) Density: Calculate number of moles present In 100 g. of KelDa. 100 g. -:-
Mass + volume. (' J Solubility: Degree Of ablllt)' 01 a subs tance to 6. ELEMENTARY !'ROaLEM SOLVING. A. DElOMININ' rOR"ULl 01 122.5 g./ mole = 0.8 115 moles of KClO ,. Since 2 m oles Of KClOs ,Ield 
dluolvD In anothD~ substance . • . CHOUCAL 1"II0'[lTI[1 (c." .). (1 ) IoIoL[ tUUI W[ltilT (r .W.I . ... dd the atomle welllhtl of all atoms 3 molu of 0., I mole KCIO. yields 1.5 molM 0 • . Thus, 0.8111 molD 
TendenCy to unite with other elements. (Z) Ability to rupport present In a compound. KCIO , forms I.SxO.8U! or 1.224moles OI. Oramsof Ozlo 1.Z24moles 
combustion (help olher materials to burn). (1 ) Ability of the sub- NaCI HzS CaCOz I (NH.)zSO. = 1.224 molesX3200 g. / mole = 39.2 g. oxygen. 
stance Itsell to burn. At. WII. 23 + 3i 2(1)+32 40+12 + (3)16 2f 14+ (4xl)I+32+4(16) 10 . SOLVING WEIGHT_VOLUME PROBLEMS. Weight Is gh'M; find 
2. THE ATOM. Composed of protons (p, " + " charges), electrons (e, r. . . !>II J.4 100 132 lIOlum~ of gas. A. SET UP THE PROBLE ... (1) Balance the equatlon. 

" - " chafges), neutrons (n , neutral charges). A. NUCLEUS. The com- • . MOLE. The amount of a l ubl Lance whose weight Is rquol to the (Z) Write given weight (or volume) above the appropriate substance 
p~~ to~rll:.t :I~ t~:c~::~; :,~.~Ir: ~~l:t~~U~dd :~~ n~~~i!~~ gram formu la weight (g./.w.) which II t he molecula r w~l,ht Df the In the equation. (1) Place an x (wilh 0Pl'o/l,iQI~ unitl 0/9., I., lb. , 

compound In ,rams. Ed: A mele 01 oxygen Is the amount repre- rm.l) above the aCtual volume (0' IIIti9hl) to be detennlned. 
No more than Ze may occupy the nrst ring or K·shtll; no more than sented by the formula 0, when 0 = 16g.; tota l weight Is 32 g. hZ: (4) Si nce gra m-molecular volume (g.m.v.) 01 any gas Is 22.4111.rl 
" In . nyou!.e.rmost shell. Each orbi t can hold up to 2NZ, where N = Calcu late the weigh t of 3 meles of IlzSO • . Sol: 3(2(1) + 32 +4(16)( = at S.T.P. (See X III :S), record 224 under the substance whose YOIUm8 
the number 01 the orbital she ll . Ex : Orbit 3 glvell 2X31 = 18~. 294 g. Ed : How mllny moles In 0.34 If of Nti s? Sol : I4x3( 1) = Is Involved. (5 1 Place the value that corresponds to the number 01 
C_ VA LENCE. The number 01 eledronl that an atom 1~1Idl, bOHowl , 17 g./ mole; thus j{.+g. / mole = moles giving 0.34/ 17 = .02 moles. moles ( Ih ~ cotlfiritnl o/lh~/o'muIQ in Ih~ b"I""etd ~quQliol1) under the 

or IhQ,n, In ertler to com plete I ts own outor orbit. (Atoms tend to C. DETEII .. INIH' p(lICENUr;£ CO""OS!TIOH. Divide weight of each compound. (' > Calculate th8 mOlocu lar weight for the substance 
appro~lmll te tho electron s tructure 01 the noblo II Ils c loses t to Its element by th8 10rmuln w~i9 hl 01 the t:om pound and multiply by 100. whoso Ilc tual weIgh t I! Involved. 
own ~elght. S tt J ;A .) o. ATO"'C HUMBER (At. No. ) OR MOSELEY'S Ell : How mllny Jlters of F"""'-"" .. ",'- ------c.", 
A~.U~o.~isJ~u~~n~~:rn~~l~~I~i'tl~~l r~~~ 1~~i::~~b~~I.the atom. At. Wts~·!: 3~~~:+3(16) 2(~;~~~(~i~~~~~)( COs IltS.T. I'. (Scex 111 .5) CaCOs + 2I1CH CaC1z+HzO+CO'z 
E. A10"IC WEIC HT. (AT. WT.) (1) AT. WT. or AH ISOTOPE. The 10lQI I.w. 101 342 are llroduoed whon ··IOO 40+ 12 + 3(16) 22.4 

number 01 pro tons and neutrons In the nucleu s. h : Oxygen = %K=39+10IxI00=38.01 % % AI=2(Z1)+342XIOO=15.79 % g. 0 1 calcium carbonate ~;;;; .. ;;;;;;:;;;;;'OO"";;-;,,"T,;i;;;;;;;;;:;;-;:;;:;",,=C-
8p+8n = 16 AI. IVI. (2) AT. WT. OF AN ELE .. ENT: Calcula ted from % N = 14 + 101 X 100=13.86 % %S =3(32)+ 342 X 100 = 28.07 % react with hydrochlerlc acid according to the following equation: 
average ..... elght 01 tho Isotopes 01 an atom In It natural sam ille to- %0=3(1 6)+ 101 X 100=47.52 '7

0 
%0 -: (3)4(16)+ 342X 100 = 56.14% B. SOLVE BY PRO~ORTION . wt.+I.w. = vol.+,.m .v.; 400 + 100 = 

tarred to oxygen as 16.1XM)O. Ex : Hydrogon = 1.0080. HOTE: Now O. OElUMtNIH' WATElI or HYDIIATIOH IN CRYSTALS. Compou nds con- x+ 22.4; x = 89.6 liters of COl. 

:~m~~l ~'~~~~s ~~6~~.lctl:n~'!'t..e!~ l~o~~~~I:ed~~~ I~t!~~1! talnlng adennlte ProllOrtion of Wltor by weight are called hydra tes. 11. VOLUME VOLUME PROBLEMS. (Apply only to ,awl at con
WI. by 4 parts In 100,000; thus hydrogen = 1.0079. r. OETERMtHIH' Exl: CuSO. - 511 ,0 (tho · 5 me.ns add 5 melecules of water ). $tant temperature and pressure.) .. . SET UP THE PIIOBlEM. (1) Bal
NUMtUOF NEUraONS. Subtract atomic number from atomic weight. 64+ 32 +4(16)+ 5(2(1)+161 = 250 (f.w.); 5HzO = 90; and 9O + 25.QX 100 ance the equation. (Z) Reoord the known and unkno ..... n given yolumes 

h1: Draw IIN au ; Na Is symbol 01 sodiu m, atomic number = II , = 36 % weight 01 water cr),l ta lllUld In a molecule ot CuSO •• 5H2 0 . ~~: !~ec!rr~~:~!!te(t~~b~t::= ~~.~hpO~a"tl°t~·o (~~ b~:=cet~~ 
atomiC Yo'elgh t = 23. Nucleus contains 11/1, 120; orbital rings: ~i!{S~~~!~;rHC:O~tE~~L~{~~~~:TI~ O~'~O~N ~~A d~~:::t!!~~~C~ ~~di l~ the balanced equation ) under the compounds. h : How";;"any cubic 
2)t 8)r l)t. A sodiu m atom tends to give one ~ a ..... ay and then h as a IDSes water when Itsa"lIo/l(sollds hlYlng regular goometrlcshapes) centimeters (em.') at COz are produced by the toLaI combustion of 
n lence of . hZ: Draw nCI". CI Is symbol of chlorine, atomic are u/lOltd to al l'. h : NazSO •• 10lhO readily yields much 01 Its 30 cm.' of butane (C.U 10)? 
number atomic Yo'elgh t = 35. Nucleus contains I7p, 1811; 56 '70 water. F. OELlOU[sC[HT CO .. 'OUHO. Readily takn up water lrom 13 
~~r~~1 I !~d 7~e~ ;:~O:~".~e~~~t~~.s'~~ S~~,:rEtS ~~~i~ !~ the all' to form a solu tion. h : CaCh , calCiu m chloride; KOH, potu- Ba lann equation : C.lho+F 0r+4COz+511;,,0. 

e lement diff~rin9 ol11V In number of neu t.rcns or s~u~:i:U,,:~~d~.) ~[~fJ~~~OI~~[ER~~':~~"G\ °C~~~~~~T~~1 ;'::I~~~ :e~-
C,;; ;;: · ". '.~, ;,;;,;',,";.1 = hydrogen, 1112 helYY hydrogen or deute.- cen tage composltton 01 each element by Its atomic weight to nnd 

each has ono p and one I!; they differ only each quotient. Then nnd s mallest wholo number rQlio of atoms In 
the compound by dividing oach 01 the quotients by the smallest 
quotient. Clear Iraclions, I f a ny, by multiplying by a su itable small 
whole number. h : Analysis: K = « .8 %, S = 18.4%, 0 = 36.8 % 

% CO .. POSITION + ATO .. IC WEIGHT WHOLE NO. RATIO OF ATO .. S 
K = 44.8+39.1=1.14 (queUenl); 1.14 + .57=20rKz 

";~r." ~~~;:;.,\;; I S = 18.4 + 32 = .57 (smll lles tquoUent); .57+.57= lor S 
H 0 = 36.8+16 = 2.30 ( UQlIGflt)· 2.30+.57 =4 or O. 

In this problem, d Ivision by smallest quotlont (.57) guo Whole 
numbers. Answer = KzSO • . (Z) DERIVED FROM ACTUAL WEIGHT 
ANAlYSIS OF A CO .. 'OUHO: Calcu late percentago composition and 

proceed as abovfl. h: Analysis: 500 g. ot IHtl llane (C,U,) contains 40.91 
g. at C a nd 9.09 g. ot II. What 15 tho omllirical lormula for Prollane? 

~:§'~;~i:~~~~j~~~\·:~~t~~;~j;)~~:!!!:!!!l~iL'~ I ';"a C = 40;:1 X 100 = 81.82 %; % II = O:XIOO -: 18.18% 
a % cO"POSITIOH .±. ATO .. IC WEICHT = I OUOTIEHT 
:~~ . a~~l~c~e:J:~m I)H7(~ S(e 2(~ CI C = 81.82 + 12 = 6.82; 6.82+ 6.82 =1; I X3=3 
(Na- t F-I) Na gh'el on;.';';~~,;~; Ic,' 2~11), 8" H = 18.18 + I = IS.18; 18.18 + 6.82 = 2.67or 
and F accepts It, thus Na '~:::;;;::-;;"""71",,"",,7"("'O·,;(',2C(~';;C~' ., I 2ZA; 2%X3 = 8 
1~7(~ 2(t h.Z: Calcium ~ Here SInce divisIon lIy smallest quotient did not give whole 
~ and each CI accepts one. mUltiply by 3. Answer = CsU • . 

4. SUBSTANCES WITH CONST ... NT COMPOSITION. A. ElE"[NU. Can- 7. NAMING COMPOUNDS. A. 
not be dec8mpoled by ordinary chemical means. (1) NATURAL I and hue "~'".'!"~~ I~' 
ElE"EHTS: Occur naturally; have atomic numbers from 1-91 (except calcium .. ",,.' "'''.':' ,,_. _ ~' •• ;' ,;', 

for elenlenlS with atomic numbers 43, 61 , 85, 87 which are u1Illablt 

~~:e-:~:;:;¥:re~Zin~A~~~~~ ~~!~I~H;'S ~J;1~~ ~~;~~~ !~~~n: '1 ~!;~~~~~~~l~1i~~~ij~~:~~j!~f~!;~~t;:::)~~~~!~;:~;i~~~~~~;~~; elements wllh atomic particles. h : Plutonium, 93; Eins teinium, 99. =: 
(1 ) CHEMICAL SY"BOLS: Abbreviations ot elements established by 
inlrrnQtiol1ol Qgr~tm~l1 t: AI_aluminum; ..... arsenle; Ba-barlum; Bi_ 

::!f:n~\t~~;~~~I~~~;h~:~~~~I~;~;n~f:~~~~ iIO~~~O~I~~ ~~;!~~ I ;: ;:;:;~~r~~~~:;jt.:~:~~;:i~\h~~ri.~~~~i~~~j';~:~i:i: the commonly used. symbols are unrelated to the American names 
01 their elements: A,-slh'er; Au-gold; Cu-copPllr; Fe_Iron; H,-mer-I'~~~;':;~~·':~i;';~~~';Gf 
cur), ; K_potasslum : Na_sodlum ; Pb-Iead ; Sb_antl mo ny; Sn-tln; W- ";i,!:'~',;;;,;;~,;;;-'.;;;;~U;i;,j~'''i 

!r:~:e~nb:O~~~~~N~~e;~~a~m~~~':~t~~~~orcomr:::~~t '1 ~~·;~;;i~·~~~,t~f.;i;J:",'ii;;~;,:~,~ ;;~ ;~;'iI;.;:o.~;,;"'l;~ are already known. All compounds have a definite compolillon by 
wel,ht. C. IAOICU. A ,roup of elements, usually either /IOSiliu~11I 
or nt90liu~11I charged, that acts chemically like II. unit. o. CO .... ON I §~,!iCi'~~:~'~i~.'.~,,;.·~!!;;!';i;;!i~~]ii:lfi; -~ 

IADICAU: NH" ammonium ; 50.-- suUaltl; SO~ -- sulllto; NO; nl- ~""~'~~:~'~'~"~lg~;':::"d:~;~ I:::::;':::::\;~':;;:::~~:~':~:'~;, 
tra te; Noi nitrile; OH- h ydroxldc; PO; -- phosphate; CrO; - chro-I;f;;~:~~',,;Yfft'~::;';;:~!~j:;~.~~:'::~: C?'· .. '·~::·"·:'":-
mate; cOi - carbonate; CIO; chlorate. NOTE: Theso radicalS are io,.!. ';;1,'0"',,,., 

E. 10H. An atom or a group 01 atoms that has glvcn one or more 
electrons (I1tl+ chQ7gt) or accepted ono or more electrons (nel -

r . HOW TO WRITE FOR .. ULAS. GENERAL RULES : Place valence 
I I radical. 

reduce 

PAR TI AL 

Is equal to the lum 
Pa rtial pressuroof 

I In mixture. 

Pt = 20.99P+78.03P +.OOO8P 

P02 = 2O.99%x7~ = 1~7.42 mm. 

PN z = 78.03 'Y. x7~ = 585.23 mm. 



becomes hydrated In the presence of water and turns blul:. C. WAKI HG 
WATER rOTABLE. Pur!ncaUon ot drinking water for household and 

Industrial use. (1) UOIMENTATION ;Watcr Is eollect.ed and allowed to 
stand In largo reserVOirs where most I." . particles (mud, Jilt, day) 
settle out. (2 ) COAGULATION :Llme and aluminum luUate are added 
to tho waler forming an Insoluble, bulky. gelatinous prujpilale of 
"!COlill. which carries down much suspended ma tter Includin g 
bacter ia: "lz (SO. h+JCa(OH),~2"I(OIl)J! + JCaSO.!. 

;~:;J~~.~~Jii:1 (3) FILTRATION;Waler Is then passed through l>eds of slInd and 9tllvd 
;,;~'~~?;.::!~f,~.~,' to removej/oaling par/ides, then nlt.ered through chern_' to remove 

ili~~~~~~i~~~~!~I~~~~~~~; Il!1!~li!I!!!~f~~~~~~~~~:;1~~~~~~ili~:~~iI~ !~"'" .,N" " I ~:~:~o;:n:yst<:~:~::::~~~~~r ~~t~~ars~x:~t~~!'o~: ~~C~M: aro killed, and the tlste Is Improved. (5 ) CH LORIHA TIO H; Mln utequan-

:'!::;;::~:':~~~'!;;:'J~;::'~ I titles of chlorine Of o~one are added to kill tho remllln!n" btl~/t,itl. 
E: ':'B~b"a~~:l6':IG ~'t. =8!~x ~~ rp~~ ~ I ~~~P~~~~I::T:I~;dA d !~Ur~ep~ (~?S~ 

caul) liquid that Is colorless and odorless; 1.5 X I!.S dcnse as wMer, 
completely mlsclblo In water. (3) CHEM ICAL PROPER TI ES : Unstable 
compound 211z0z ~ 2HzO.+Ozt; to prevent d9COmpo5ltlon' l 
acetanilide, an InhlbH.or (neg<J/lLle catalyst) Is ndded to the H..Oz and 
thlllJ()ro~ldllls St.ored In dark botlles. (4) USES ; An oxldl;tlng agent In 
blenching hair, wood pulp. Common antiSllptic as a 3 % solution of 
IhOz In water; a rocket fll e l releasing oxygen. 
20. CARBON ANO ITS OXIOES. A. ALLOTROPIC FORMS. (1 ) DIAMONDS: 

I'll res t, dcnsest form of carbon; chemleally Inert;hardost. na tura l. 
subs tance Ilnd can scratch almost anything: colorless and crystal. 
line In form, has high renectlyity and relraclivlty when polished. 
(2) CRAPH ITE: Heu"on'lll-~h'llped crys talline form; sort., Rood con· 
ductor of electrlcl ty; used as a lubrlcan t and motor (brush) cont.a.ct. 
(l ) LAMPBLAC K; Amorphous form; deposited by smoky kerosine 
lamps: used In India Ink, carbon paper, prlnllng Ink. (4) BONEBU CK: 
Produced by dutrucUye di JUII 'IIU on of bonos; porous nature allows 
'IIdurption (accumll/ation 0/ a gas or liquid on Ihl! sut/ael! 0/ CI solid); 
uscd liS R decolorlzc r and sugar ronner. (5) t OKE :Amorphous form ; 
produced by destructive disti llation of soft coal; good redUCing 
agent In metallUrgy. (S) CHARCOAl: Amorphou s form: produced by 
des truetlye di s tillation of wood; good deodorizer, high adsorption; 
used In gas masks. (7 ) CARBON BLACK : Amorphou s form; made by 
burning natu ra l gas In an Insufnclcnt supply of air; used IS a nller 
In auto tlros . B. CHEMICA L PROPERTIES . (I )Carbon has 4 e lectrons In 
outer orbit and lends I.() Share electrons t.o form coulent com

Inactive at ordinary temperatures, strong r.dutln, 

'; , ;';l;,)R~';~~~":''''';~,.'n metallurgy (rtdllction 0/ iron osidt 10 (l abrasive made In e lectriC furnace from 

;~I!ii:~~l:,~t,it!\i:~~!~f\;~~ff]~t~~~~~[:~:)~f.1;r{,~~tW"V'~ '' '·C'" s~~~~I~tE : ~~:~ea~~ ~:;;~fen:fu5rl~a~t to produco acetylene (Czlh). (S) 

1~~~~~~~~~~~~~~~~~~~~~~~~I~~i~~~~~~~~~~~~~~~~j electr[c furna ce: C+2S-+

CS

z: In 

Ylscose rayon and CCI •. 

, , 

::'~:'.;':3?- ~;;.~' ,;:~;:;;-~ETORT 
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~
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o TRDUCH 

/ 

22 . COMMON PREPARATIONS, PROPERTIES, process to milke NazCOa and NaHCO,. agent). (S) TEST; Add CSz or CCI.-+orange colo (S)USES;Refrigerant;manulactu~ofHNO, via Olt
USES, ANO TESTS. ABBREVIATIONS . Lab Prep. = 0 CARBON MONOXIDE (CO ) (1 ) UB PREP Gtnera- Ted lor II bromide Ion. 2NaBr+Clz·HzO-+2NaCI.!.;.~ld process; explosives manulactu red from am. 

Laboratory Preparation. Com. Prep = Commer- tor 8, modified to regulate flow of formiC acid Col- +Brz, then add CSz for or ;!. nge color. (S) USES : In~~nium nitrate (NH.NOa): to make fertil izers like 
ci'lll Preparation. P.P. = Physlea l Properties. St. :::; lector 111: HCOOH+HzSO.-+CO+Hz50 •• HIO. photography (AgB,); in medicines and dyes. (NH.hSO •. Us.ed in Solvay process to produce bak. 

~~~t;' S~:::;~II~bil~Y. ~.~;~·h!;"~aT~s~Pc~iie~ A~b ;?~~~RzC~~o~R~~u':~~~! ~o;c i!lI~a(~; .f~: ; ~nbDzD+N2~!~H·c~'ilz~~B~+PR~~~g:+e:~!~+t. 2~t i ~~ N~:C (~~~~~~b:~.d (i:~~~~~:~.~ d~~:~~~~' C. 
A. OXYGEII' (01 ). (1 ) LAB. PREP.: Generator II. Col- .... 2CO+Nz. (l ) P.P.: 5t ; gas: C: - : 0 : - ; T: - ; 0 ; lection; Sllblimation (skips liquid s/a/t): sotld-+vapo oltector/V:NaNOI+concentntedHzSOc-+HNOlt 

lector 11/: 2KCIOa+MnOz-+2KCI+lO,t+MnOz; slillhtly less dense than ai r ; 5: slightly IOluble In -+solld. (2) COlUIERCIAl PREP.; 2KI+Ch-+2KCI+I,. +NaHSO •. (2) COMMERCIAL PREP.: Odwald proc
MnOz ICts as a catalyst chilnging the speed (has_ water. (4) C.P. : Burns with blue Harne : 2CO+0r+ Il) P.P.: St : solid; C: steel gray: 0: i""'!" h',',;,n~:,~.~" S5 uses platinum as a catalyst; 4NHI+SOZ~ 
tenlng or ~tarding) of a chemica l reaction Wilhoul 2COz. lIedueinc a"ent: Fel03+3CO-+2Fe+ ch lorine-like): T: - : 0 : _' ; 5; ve ry __ wU 
bting p"manenlly Chan~td itself. (2) COMMERCIAL 3COzt . Reach with hydroce n forminll methyl in water; very SOluble in many orllanie solvents and 4NO+SH~0,. then 4NO+ 30z ;f-2Hz0-+4HNOI' (3) 

'REP.: 2HzO e l ectrolYSI~ ~H z+OI' Direct current :~~OnhtOI~ e;~rt~t~..7~~t;;~iro~) o~~~~S~re~~dUClng ~~~rO~n(:~!l!): ~~I~~e~)~ c~U ~·i~i;:~t~~702r~.; 751 r.:~ ~~t~i:u~~:~;S~~I~;i~~~~ar~ T~11I1pn~=r~~~n~~ 
only flow, through platinum electrodes. H 2S0. E. HYDROGEN CHLORIDE (HCII.' (1 ) LAB. PRE P.: Gen- TEST: Il +starch-+blue COlor. Tnt tar Iodine lon ; :(~) C.P..: Unstable at room temperature, decomposes 
help. cond.uet the current. Oz collect. at the anode erator 8. Colleetor lA, modi led with g lau tubing; Add Clz+HzO and shake with CCI. or CSz-+viotet 'When heated; 4HN03-+4NOz(brown)+2HzO+Oz. 
or + termllla!. Hz collects at t~e cath~d~ or :- ter. NaCI+HzSO.-+ NaHSOc+ HClt . (2) COMMERCIAL (6/ USES ' Tineture of iodine antiseptle (alcohoi Aqua re,la ea n dissollll! gold and is 1 part HNOJ.:t3 
mln~1. ~Iso prepared by fraetlonal distillation of hlCh tamperature so u'tlon 'of I plus Nat). parts HC!. (5) TEST: Nitrate ion : FeSO.+NOl+ 
liqUId air (cooled to -~OO·C) . (l) P.P.: St. : g~s; C: 2N'IICI+HzSO. I NazSO. I HVOROGEN zSULFIDE (HYOROSULfUR IC ACIO - H S) H2SO. poured down side of tube yields brown ring 
- .: 0; - ; T; -:-i D: s lightly dtnser than alri . 5; +2HC lt. (l ) P.P.: St; Gas; C: ; 0; sharp, pent- Ii ) LAB. PR EP.; Generator D. Collect or I: Fe+2H ~H just above H 2SO.layer. ( Ii ) USES ; Mfg.of guncotton 
.llghtly soluble In water. (4 ) C.P.: E.ceed[.ngly actl ve t ratinll; T: sour taste In dilute form; 0; heavier FeClz+HzS t. (2) COMMERCiAl PR EP ' Same as lab (nitrocellulose), T.N.T. (t rinitrotoluene ), ferti
but doe. not burn, supports combu stIon. Form' than air; S: ext~mely solub le In water. (4) C.P. prep. jl) P.P.: St: gas; C; _ ; 0 : TOtten or decayed tiurs, plastics, rayon, dycs. 
olldu with metals; 4Fe+30 z-+2Fe,01; farm~ 01· Ctlva lent slable compound : wate r IOlution I. a glls' : _ . 0 : denser than a ir' S: moderately sol· M. DESTRUCTIV E DISTIL LATION or tO FT CDU 
Iduwlth non-me t'llI~:4P+~Z-+2PzOs. orS+02-+ stronll acid; neutralizes hydroxides, forminglalh uble: (4) 'C.P.; Burns completely, 2HzS+3Dr+ (BITUMINOUS). (1) LAB. PREP. : Generator F. (2) 
SO,. (5) TEST ; A glOWI ng .pllllt bursts mto flamn and wate r: HCI+NaOH-+NaCI+HzO. (S) TEST: ----it' PRODU CTS GIS Coal gas made 01 H S (rotten egg 
in Oz. (i ) US ES; UiiCd in oxy~eetYlene and oxyhy- HCI+ACN03-+A,CI.l- (white )+HNO]. Hel /umtl 2HzOt +2S0zt, 2HzS+Oa Incomp[ete 2HzOt + smell), NH~ (moist litmu s turn . blue )~CH. (burns ). 
drogen torches; oxygen tents m hospitals. when moistened: turns wei lifmus red. (S) USES: 2S,l.; acts on metals by tarnish ing them 2Ag+Hz Uquld -Coal tar can be separated by di. tillation 
I. HYDROGEN (Hz ). (1 ) LAB. PREP. :Generato r D.Col_ Plcklln, of metals, the removal of oxide coating of -+AgaS+Hz; forms a weak acid in water. (5) TEST : into nClphlh<llen l!, C .oH . (ki lls larvae of elothes 

leetor III: In+2HCI-+Z nCh+Hz t. (2) COMMERCIAL metals by immersion in HC I belore galvanizing HzS+Pb(NOI );r-+ PbS .J,. (b lack )+2H';'01' NOTE; HzS moth); 100lIene, C1HI: benltnl!, C. H .. anlh/Clrene, 
'RE • . : Eleetrolysi. of water (see(h prep). Steam + (coating with Zn ), ploting, etc. Used to clean tile is poisonolls even in small quantitlCl. (S) US ES; In C .. H.a; etc. Solid- Coke, a reducing agent for 

hot cok~-+ water gas m iltture : HzO+C .... CO+Hz. and stone, called mllriatic acid; to prepare InClz, a chemical analysis (see cha rt on h ydrogen sulfide). ~idesof many metals; 01110 high heat content fuel. 
(l ) ' . ' .: St: gn; C: - ; 0: - : T: - ; 0 : lowest den,i t y: soldering flu. to clean su rfaces. In volvtd in gutric J. SULfUft DIOXID E (SO z). (1 ) LA B. PREP. ;Generato N. DESTRUCTIVE DISTilLATION Of WOOD. (1) LAB 
5; very slightly soluble in water. (4) C.P. : Burns to digestion : used in manulacture of glucose and glue. B: Collector la: Na z SOI +HISO. -+Na,~O.+HzO+ PREP.: Generator F: (2) PRODUCTS ; Gn- Wood lin 
fO.rm HzO: does not support combustion. Rea<?ts r . CH LORINE (Clz ). (1 ) tAB. PRE'.: Generator 8. SOzt· (2) COMMER CI AL PREP.: Roasting sulfide made 01 Nz (relatively inactive ). CO (burnl with a 
With n~n -metals: Hz+Clz-+2HCI; I. a redUCing Collector I: 4HCI+MnO;r-+MnClz +2HzO+Clat (. phalerite ): ZnS+ 30z-+2ZnO+2SOzt or S+O: blue Rame), CH. (burns). Liquid- Pyroli gneous 
Clgenl With CU~+H:r-t Hz~tCu, here CuO I. re· or 2KCI + MnOz + 2HzSO.-+KaSO.+ MnSO. + SO ,. (1) P.P. ; 5t: gas;.C; - : 0 ; luffoea~lnll; T; Acid is a mixture of wood alcohol, (CH,OH ); a~tlic 
dueed. to Cuwhile liz lIoslci.'ltd 10 HzO. (Proc:e1S Clat. (2l COMMERCIAL PREP. ; Electroly.i. of brine : sour: 0: more ~han 2Xa~ r; S; very soluble III Hzq . <ldd (CH,COOH); aee/one, (CHICOCH,). Solld
of laklllg 0 fro!", compound I' enmpleo~ rtdllcllon.) 2 NaCl+ Hz0-+2NaOH+Hzt+Clz :t. (1) P.P.: St; .(4) C;.P. : An aCid anhydrIde: Hl0+S0Z,"', H~SOI (/ Cha~coal, an adsorbing <lgent able to remoye odor. 
(S)TEST:Aburnlllgsplintpopsorburnswlth a nearly gas: C; llreenish . yetlow; 0 : irrlhtlllg; T; lOur; D; II ullls),' stable gas and does not rea.' y :,urn 0 and eolors by attracting and holding impurities 
colorless flame and only Hl0 Is produ ced. (6) USES : 2.5Xdenser than air ' 5: moderate lylOluble in wate r. support combustion. (5) TEST: for sulf,te Ion and nto its surface area on ly. Uscd in gn masks and in 
Part of common fuel gas mittures . uch as eoal gas (4) C p . Action with metals ' 2Sb+3Cl a .... 2SbCI, bisulfite ion (HzSO;), add dilute H1S0 . .... S0zt water pUrifieation . HOTE: Not to be confused with 
and water lias. Used t~ convert vegetable oil. to AU' .. Ith h d . CI +H light 2HC I A ~ which decolorizes purple potassium permanganate "absorption," which Is the lOaking up of one sub
solid fa ts (hydrollenatlon); oxygen-hydrogen and e on w Y ro&e n. z z --+ . c (KMnO.). (6 ) USES : Make H zSO.:tem~rar.yb leach·stance through the entire man of the other. Eo : 
ztomlc-hydrogen torches. tion with water; 2H zO+2Clz-+2HCI+2HCI0. The ing agent: ref rigerant as it is eaSi l.' 'G,q,""""""" , A,. Sponges absorb water. 
C. CARBON OIDXIOEJ CO,) (l l LA8 . PREP. : Generator D. ~~C.'O decomposes into 2H~I+Ozt (powerfu l o.x- K. AMM ONIA (NH, ). (1 ) LAB. PREP ".I~~~~~~:::="------,:-::c;-;-;;;;;--

Collector III (rapi Iy) or 11: C'IICO,+2HC ..... C'IICl l+ Idl ~ Ing agent). (5) TEST: Filter paper soaked In Colleetor 11: 2NH.CI+Ca(OH)z-+ C'IIClz+2NHs t + o . flAM E TESTS P. HzS TESTS 
COzt+HzO. (2) COMMERCIAL PREP.; C.H . zO, .... turpentine fl ashes into flame re leasing a cloud 01 2HzO. (2 ) COMMERCIAL PREP.: ( theooH~c~. 'N,P+~'~H'.~: METAt COLOR I METAL COLOR 
2CaHIOH+2COz t by /umen/alion of molasses black smoke in Clz : 8Clz+C.aHu-+16H CI+lOC. At 200 atmospheres pressure and 5 ..... 
(Iugar) resu lt ing in production of tlhyl alcohol. Pas te of KI and starch on paoer-utarch becomn 2N HI in the presen ce of the catalyst platinum (Pt).I~.;um yellow Z,n c hitc 
(3) P.P.: 5t; gas, C; - : 0: very fa intly pungent; T: blue : 2KI+CIz-+ 2KCI+ lz. (6) USES; Chlorofo~m Also produced from the destru ctive d ist. of loft Lithium red (c r imson Cadmium yellow 
sfightly pun~nt; 0 : 1.5X heavier than .:a ir; S; fa irly (C HCI, ), an an aesthetic; carbon tetrachlOride coal. (l) P.P.: St: ga s; C: _ : 0; pungent· T' _ . O· Strontium red (searlet) Antimony I II oranlle 
SOluble In wattr. (4) C. P. :Stable gas; neither burns (CCI. ), a fire extingui sher; bleaching ~lIent ; water less than ai r: 5: extremely $Oluble in .:oater. ' } 4' Col lei urn range_red Antimony V yellow 
nor supports combustion' anhydride of cerbonlc pu ri fication ; poison gases (mu stard gal, phosgene). C.P.: Unites with water: NH ,+HIO ..... NH.OH (i i/ Ba rium yeilow-Ilreen Copper black 
acid (if il uis/s): HZC01~H20+COZ' NOTE : AcId C. 'ROMINE (Br2 ). (1) LAB . PREP.: Generator C. Col. uists) or ammonia water solut ion . NH I is a Slable Copper. br'jht gl"C1:n L~ad black 
Anh)'drlde = non . metall ic ox ides that react with lector IV: 2KBr+MnOz+2HzSO.-IKzSO.+2HzO+ compound; does not burn in air and does not sup. PotaS$oum voo e t Silver black 
water to fo rm acids. Bnlc Anhydride:::; " le taillc B'a. (21 CO MMERCI,u PA EP.:(aea water) MIIBrz+CI, port combustion. NHI burns In p u re 01; 4NH3+ Q C08ALT NITRA.TE II . BORAX BEAO TEST 

o~~S~s: ~uab\ Ir;~~:o ii~e :~~~~!~ :::::: !~~:'p~_ ~:::Ft~tt~~ZITqu i~~t;!:;~S:~ml~~!~u ~); l f; ~~~; ~~2~zt~~~~·~n;~e~ .)!~~:;CI~~~0 !tr:fNOa,lt~ . TEST. METALLIC OXIOE COLOR 
c lpitate: Ca(OH )z+COz-+CaC01 ! +HzO; continue red;O:choking; T; poisonous; 0 ; 3Xwater; S: fairly NH.N01. (S) TEST ;AII ammoni um compounds, when METAL COtOR Cobalt blue 
bubbling and precipitate ~dillolvu a. a soluble soluble in water; very SOluble In CSz. (. ) C.P. heated with a soluble base, produce a ga. that turns Aluminum, !:Iue Iron ~e llow 
bicarbonlte il formed; CaCO ,+H,O+COr-+ R.aetl; with h),dro&e n : Brz+Hz-+2HBr. Reach moi.t red litmus btue; NH.a+NaOH-+Nac;:~+ Magnesium pink ~ha~~~e':, :~~hyst 

Ca(HCOlh. (6) USES: Making dry ice, leavening wUh m .. t m etal, ; Cu +B rz-+CuBra. R.aeh w!th HaO+NHl t· NHI ~umes in prese.?ce
m 

"'hH," C,,',,",.1 ~ Zinc gl"C1: n .. -W" 
bread, firo utlllguishers,carbonatedlOda.$ol"ay .aler: HzO+Brr+HBr+HBrO (_ak bleaehlng NH.CI (sal Clmmomac or ammOnlw '" Nickel u,,, 



AUTHOR: Berna rd Koudercr, Ph .D .• Chairman, Dept. of Chemistry of the PIClinview School, New York. CONSULTANT: 
1. IONIZATION. A. ELECTRO LYTES. Substances whoso water $Om salts, MgSO".71/aO: gypsum CIlSO,,·21laO; "hypo", N01S20l . 

(aqueous) so[utlon conducts electricity - acIds, bnsos, salts. 5112 0; plaster of paris. (CaS04)z.llaO; glauber's snit., NozSO", 
B. NOH_ElECTROLYTES. Aqueous solutions of substances that 10IlzO. C. PJlEPARATIOH, (1 ) DIRECT UNIOH OF ELEMENTS: 2Na + CIz-+ " 00' ron'," ,,,,,,,,11,- ,",,,. ". ~ ~ 'N,CI. (2) HEUT"""Tl OH, C,(O"), + 2I1N0, ... C,(NO,), + 
:ohol, other organic compounds. 2112 0. (3) DOUBLE RE PLACEMENT: NazSO" + BaCh -+ BaSO" .j. + 
11) """ ELECT"LYTE" At m~'orn", =?fp, 'N,el. CI) .Cl D AND • BAlie ANIIYDRI" (.",.11', .. Id.), 21lel + 
:oneent raUons cause tho bulb In FIJI. I CD HaO -+ BaC/z + H 2 0. IS) SOLUB LE BA SE AHD AN ACID AN HY DRIDE (I'1an_ 
to glow brightly; Include NDCI, H 1S04, metallic oxide): 2KOll + CO z ..... H20 + K2CO) . 
~OH. (2) WEAK ElECTROLYTES : AL mod- 7, HYDROGEN ION CONCENTRATION OR pH OF A SOLUTION. 
Irate concentraUons. causo Lhe bulb to glow dimly ; Include aceLlc I 2 3 4 5 6 7 8 9 10 II 12 13 14 

l::dw:~~O~I~o~ea~I\.C~:n~~~!C::!,~~~N~I :;:'II~~(~: ·fo(jgE:~~S~~~er A. pH SCALE. (I ) a~ldlty lncreuu neutral alka tln lty Increa.15 
lower. t he F.P. by 1.a&OC. SaiL (NaCI ) can 10wcr the F.r. UII to twice (2) 5olutlon5 of strong acids ha~o laUl pI! n lues: JlCI (0.1 mole/liter) 
lS-much as would a non...,lcctrolyte At the same concentration. ThiS = pH of I. (l ) Solutions of strong basu have high pH valucs. h: 
IUl/gests formation 01 separate sodium and Ch lorlnc IoniC pArticles. KOH (0. 1 mole per liter = pll 01 13lB. fOR .. ULA. pH = lac (1 -:-IH'J) 
t. 1(NO)h can lowcr the F.P. up to 4 times AS much as a non-elecLro- or -laC {H ' ). (1) logarithm 01 a number (to baso 10) IH ' I = hydro
,yte which suggests four Ionic particles. O. MOLAL 801LING POINT gen-Ion concentration (moles per Iltu). (2) Calculate pH of pure 
(J .I'.).- ELEYATION OF WATER. I mOle of a non.elcctro lyted lssol~ed In water (0.0000001 mole o r H' per liter): pll = log 0 -:- 0.0000001), 
1000 g of water niles B.P. by O.S2"C. Electrolytes can raise B.P. up to p H = log (I-:-10},,7, pll = log \01. pll = 'I neutral. C. COIoIMON 
!, 3. or more times as much as non-conductors (e.g., a lcohol) at the ACIO- 8ASE INDICATOIIS. Substances which can be used to deteeL the 

~!~10::~~~::I:e~pl~~0~~P? ~ I~~~~~!~I.O::p.(~)e:~~fon~.U!~~ ~1S: ~"r~,n;e~r-:bf~~~i(;; ~~~N~e;~;~YIL~~z~'A~~J ~T~~~~I~~ldb~ ~ 
.rolytiC conduction. (2) Most acld~. bases, salts lonlu or diuocial~ red. (3) METHYL ORAN GE: Acid ..... red , base -+ yellow. 
n aqueous solution Into charged particles ca lled Ions. (3) An Ion Is 8 . OXIDATION. A. COMBINATIOH Of AN nUIENT WITH OXYGEN. (1 ) 
In atom or radic~1 (group 01 atoms) that carries an ~fultical (/1C/Fg~ ~ III _II 
~ual to the valente of the Ion. Positive lono have given up electrons. 4Ft" + 1020 ..... 2Fe20, • (2) Electrons are lost by the element and 
~e,.tlwe lon$ have gained elec trons. (4) SOlutions contain exactly taken by the oxygen. B. COW81HATION or AN rtEMEHT WITH CHLORINE. 
qual numbers 01 + and - charges. (5) Atom VI. Ion : Atom or ~I - J 
(. -Ie ..... K' Ion. atom of S· + 2e -+ S--. F. DISSOCIATIOH VS. (1 ) H20 + 0:z0 + C1 2° ..... 2HCI. (2) Electrons arc lost by theelementand 
IOHIZA TlON . (1 ) DISSOCIATION : Crystals or moleculllll o f cl~ctto utll~nl taken by the chlorine. C. ELECTRON LOSS IN OXIDATION. (I ) The loss of 
~mpounds separate Into Ions dUrin, solution process: NaCI ;::: electrons from an atom, Ion. or rad ical. (2) An Increase In the positive 
~ a ' + CI-· Ba (OHh ;::: Ba~' + 20W. (2) ION IZAT ION : Many oxidation rate (valence numb(Jr) or tho atom. Ion, or radical. (3 ) 
~ompound~ that are not lonl:wd when pure do form Ions when H20 - 2e ..... 2H' ,Ft" - 3c ..... Fl· ... Fe " - Ic ..... Fe '''. (4)OXldation 
IlsSOlved In water. E:r: liquid hydrollen chloride does no t conduct of non_mctallic Ions to the elemental lorm: 2CI- - 2e ..... Cho, 
m electriC current but bonds by shrl1ing elcctrons. The chlorine S- - - 2~ ..... SO. D. DXIDIZIHG AGENTS. (I ) lIave a tMdency to take up 
oI!nds to pull the shared clectrons closer to Itsel f (moro elcctro- elcctrons. Upon gaining electrons, go Into a lower Oxidation state 
legallve) making the chlorl nc cnd of tho molecule more nega- (valcnce number). (2) They IncNlase tho oXidaton s tate 01 tho other 
. Ive and the hydrogen end more positive. HCI Is a polar molecu le. substance. h: 2sbO + 3Cha ..... 2SbCI, ; chlorIne 15 an Oxidizing agent; 
/,Ihen added to wILcr Ionization occu rs and may be represented as takes e lectrons, attains a lower oxidation stato number, raises 
iCI + HzO ..... CI- + HJO'. The hydronium or oxonium Ion I1, 0' Is oxidation state of antimony (Sb): Cho + 2e ... 2C/-. SlfJ- 3e ..... Sb .. •. 
• hydrated proton: H'·H20. G . .. OOERN 10HlZATION THEORIES. (1) 9. OXIDATION STATES. A. 1'0SlTIVE OXIDATION STATE. Exists whcn 
MODIFI ED ARRHENIUS THEORY: Applillll to aqueous solutions on ly. valence electrons have boon removed or shUlod away lrom a neutra l 
~clds are H,O· while bases are OK". (2) BRONSTED_LOWRV THEORY: atom: Nao - Ie ..... Na '; actually the NiP has II protons and II 
~pplies to aqucous and non-aquoous solutions and to dry reactions. electrons while the Na+ has II protons and 10 electrons. having lost 
~ n .cld Is a proton donor: acid H1SO ...... H' + HSO.- . and acid one electron. The + charge Ind lC.tes t he presence o r I more proton 
iSO. - -:+ H' + SO. :. A base 1$ a proton acceptor : base H50.- + than electrons. B. NEGATIVE OXIDATION $TA TE. ExiSts when electrons 
I' ..... HzSO • . A substa.ncecan thus be boLh acidic and H have boon gained or shifted toward an fl.tom: So + 2e ..... So; the S-
,asic. (l ) LEWIS THEORY : An acid accepts an electron h 2: { .~ Ion has 16 protons and 18 elcctrons or two electrons more than pro-
lair to fonn a co¥ale nt bond. h 1 : II' Is a proton BASE :NiH tons. A nogatlve oxidation state exists as the Ion has 2 more electrons 
~Ithout an7 electrons and can accept sharing of ElEC- I ' than protons. C. TY'ICAl OXIOATION STATES. (1) NITROGE N OXIDATION 
~Iectrons to lonn a covalen L bond; a base hAS an TRONS H STATES: +5 (HNO

" 
N0'-l; +4 (N02. N z0 4); +3 ( I1NOI , N02); 

~ Iectron pair for sharing to form a covalent bond. +2 (NO); +1 (N20); O(Nz ; - 1 (NUI OH); -2 (N2I14); - 3 (NH,. 
2. CHEMICAL EQUllI8RIUM. A. OEr. (1 ) A I tate 01 balance Is attaIned NH4'). (2) SUlfUR OXIDATION nATES: +6 (50), H 1S04• 50;) ; +4 
~ hlln two opposing reactlons (a, b) occur simultaneously at the (SOl. H 2SO" SO,-); + 2 (510,-); 0 (St); - 2 (liaS, S-). (l ) CHLORINE 
,aln1! rate A + B;::: C + D. (2) A dlnamic state ullh when react.- OXI DATION STATES: +7 (HCIO •• CI04- ); + 5 (HCIO,. CIO)-); +4 
Int and product molccu les contlnua lly break dOwn and re-form. (CIOl ); + ] (HCI02, CIOI- ); +1 (ClIO, HCIO. C/()-); 0 (CI2); -I (CI-). 
8. fACTORS AffECTING SI'[[D OF REACT ION. (1) ACTlY ITY Of REACTING 10. REDUCTION. A. CO .. 8INATIOH Of AN ELEMENT WITH HYDROGEN. 
ELEWENTS: Some elllments have II greater tendency to react than do ~1 - 1I 

Ither$. see E.M.F. Table. (2) I'RESfNCE Of CATALYSTS : Alters (In- 2H20 + 010 ..... 2H, 0 . Electrons are given to the oxygen by thll hydro
)rease5 or decreases) tho speed of reaction. (3) TEMI'ERATURE: A rlso gen. 8. REDUCTION. (1) A decreaso In tho positive oxidation stato (val
>1 I(PC can doublo reaetlon speeds by Increasing tho frequency of ence number) of an atom or Ion. (1) A gain In tho number 01 electrons. 
ollilion,; Increll.!ed temperature glvllll molecu les sumclent momcn- (3 ) Reduction with carbon monoxide: lCO + FezOs ..... 3COI t + 
;um to reallu the necessary en~rgy of atliualion. (4) SURfACE AREA : 2FeO, the oxidation state 01 oxygen Is unchanged, the oxidation state 
leactlons occur on the su.rfaoo of substances: Increased surfacc area of carbon Increases: C" _ 2. ~ C····; Fe'" + 3e ..... FtP. 
ncreases spud of reatllan. (5) CONCENTRUION : Renctlon rate Is C. REDUCING AGENTS. (I ) Have a tendcncy to giue up electrons 
Ilrectly proportional to tho concentration of each or the reacting (2)Uponyleldlngelectrons,golntoahigheroridalions/ale{areoxidl:wd). 
ubstances raised to a powcr equal to Its cocn\clent In the balanced (l ) Decrease the oxidation state 01 the other substance: H 0 + 
quaUon (Law of Mass Ac t ion of Guldb.rc and Waaee. 1867). 11'1- .. II _II -+1 _II Z 
:rea!lng concentration of any reac tant increases chanC()sof colllslo,n CuO -. C..,o + HzO ; hydrogen Is a. roduelng al/ont as It gives 
Ind Inereasos reo.ctlon rate. (6) I'RESSURE : Acc:ordlng to LeChll t e ll ll r 5 up electrons. g()(!S Into a h igher oxidatIon stalO and decreases the 
'rlnclple, a reactlon shifts In the dlrectlon that wil l relillve any olldaUon state of the cOPI>or. 
,tress or strain. Ex: In H.ber p rocen 3 m oles 01 111 + I mole of N2 
fie ld 2 moles 01 Nils: by Increa.slng the pressuNl a stress Is esto.b- II. 8ALANCING OXIDATION- REDUCTION (REDOX ) ECUATIONS. 
ished that nnds reller by shif t ing the equilibrium to tho tight (lor- Most combination and decomposition and all sIngle replacement re
nation of mONl a.mmonla) as four volumcs on tho lell are subjected. actions Involve oxldatlon_roductlon. A. DETERIoIIHIHG OXIOATIOH 
.0 a greater s tress than lhe two volumes on the right. C. EQU ILI BRIUM KUMSEI! (VALENCE). HzS04: lIydrogen 15 +1. oxygen Is -2, sulfur Is 
CONSTANt. (1) When 2A + 8 := 3C + 20 the equilibrium constant the variable: 0 = - 2 X 4 = -8,11 = +1 X 2 = +2. S = ? X I = 
~ • a number equal In magnitude to -8 + 2 but opposite In sign or +6, 

K) Is K = IAP IB" (2) K = (the product of the concentratlOn or th~s a tota l..=harge o!.. zero. H150): Jl = + I X 2 = +2, 0 = - 2 X 
. ubstances produced at equilIbrium) diVided by (tho product or the 3 - - 6. S - ? X I - a nwnbcr equal to -6+2 but opposi te In 
'oncentra tlons or thll rea.ctlng substanCIlS) whcn eAch oonccntration sign or + 4. ~ . CONSElIVATlON OF ElECTRONS. The total nllmb~r 
s raised to the power which Is ltscocmclent In th6 ba.lanced equntlon. o~ . e~~~~~n:xl:~~:s.m(~)tB~~~~t~~n~;a~ ~~Clb= Z.~~I~t~~~I~al~ 
>~ac~I~:~;I~N!O~~~iIO~OW~~ ~~~:~!O:~v!te~~~"!I~:I~n"!~v: CI10 t.- MnHH + 2e~ Mn" and 2CI- - 2e~ Cho,-
>recl pltate form s. a ,U evolves, or a nan-eleclrollte Is IlroduCOO. 01'111 manganese undllrwent reduction, only two chlorine atoms 011-
A. FORIoIATION Of A I'RECII'ITATE. An Insolublll product removQS Ions dlz.ed to CI20 while the chlorine In !lfnCll remained Ilnchanged. 
rom solu tlon. SOdium chlorIde and si lver nitrate solutions react Balance the unchanged atoms In the usual lashlon and add the redox 
.0 lorm a white precipitate of sliver chloride. MOLECULAR : NaCI + atoms to get Mn02 + 4HCI ..... 2H10 + MnCll + Clz ,. (2) Balance 
IgNOJ ..... AgCI, + NaNO) . IONIC: Nil.' + CI- + A,- + NO; ..... KMn04 + HCI ..... C12° + 1f20 + MnCh + KCI: Mn .... + .. + 5c 
'eCI' + Na ' + NO, -. The sodium and nitrate Ions af'() Spectator reduCtion Mn" and 2CI- _ 2~ olldatlon Clzo however tho +5 dces 
ons (do not react). (2) SOme COmmon Insoluble compounds are CuS ------+ " ~ • 
laSO. AI(Olfh CaCOJ F~5 IfgO 8 EVOLUTION Of A GAS Volatile not balance Lhe -_e therefore crossmultlply and add a ll parts: 
lroduc'ts are non'-Ionl:wd'and leave thll nCldof AcUon (1) MO LECULAR' (Mn· ...... + 5e ... Mn") • 2 and (2CI- - 2~ ..... CIlO) , 5 or 
r2s + 21ICI ..... KCI + 1f2St. (2) I.oNIC: 2K; + S- + 2H' -+- 2Mn· ...... + lO~ + IOCI- - I~ ..... 2Mn" + SCI1o. The +IOe and 
CI- ..... 2K~ + 2CI- + lltS t. (1 ) COMMOH GASES : /lCI, IfBr, /IF. HI. -IOc cancel out, proceed to balance the.atoms that did not chnnge 
115. (4) UNSTABLE COMI'OUNDS : Produce gases that leave the ne ld of In the equation: 2KMnO. + IGHCI ..... 5CI 2 + 1HzO + 2MnCI 2 + 2KCI. 
eactlons: NH.OH ..... NH, t + HzO: flICO, ..... 1120 + COz f; 12. RULES FOR BAtANCING MORE COMPtEX REDOX EQUATIONS. 
,2S0J ..... S02 f + H20. C. FORMATION OF A NON-ELECTROLYTE. h: Balance 1I1n02 + /I' , Cr- ..... Mn" + Ch. A. BREAK UI' INTO 
Vate r exists as covalen t mol6culcs with a very slight tendency to TWO HAlf REACTIONS. MnOz ..... 1I1n " and C/- ..... C11. 8. BALANCE 
Dniu. (1) MOL ECULAR: 2KOll + lh504 ..... KzSO. + 21101l. HALF REACT IONS. (1) Balance centra. l a.tom: Mn02 ..... Mn"'; 
2) IONIC: 2K' + 2011- + 211' + S04- -+ 2K' + 50.- + 2/10H. 2CI ..... Clz. (2) Balance other atoms6XCe])t 0 And 11, If any. (l ) Balance 
3) One molecule of watcr In 5.55xIO' molecules Ionizes. 0 by addIng H.O as needed. (4) Balance II, by adding Jl ' as nceded; 
4. ACIDS. A. I'ROPERTIES. (1 ) ContaIn hydrogen and yJeld hydrated MnO;!. + 4H' ..... !lfn" + 2HzO; 2 CI- ..... Ch . (5 ). Balance charges. 
Iydrogen Ions (called hydro nium lonl ). In aqueous soluLlon. (2) by adding e as nceded; Mn02 + 4H' + 2e ..... Mn " + 2HzO: 2CI- ... 
'urns blull litmus to a red color. (3 ) Watcr solutlons havc a sour Ch + 2e. C. MULTIPLY BALANCED EQUATIONS FOR HAlF REACTIONS. 
aste. B. CO .... ON AC IDS. (1) Citric acid (lemons). lactic acid (SOlit Mn02 + 411' + 2e ..... Mn" + 2/1z0; 2CI- ..... Ch + 2e; both 111-
lillf). acetic acid (u;negar). m alic acid (apples). butyrIc acid (roncid ready have an equal number of e ,; If they did not, they would be cross 
ulftr), tartariC acid (grapu). (2) Important Industrial acids: strong multlplled. O. ADO. Mn02 + 411 + 2CI- + 2e ..... !lfn" + 2HI O + 
clds Ionize almosL completely In aquoous solutions' H SO IINO Ch + 2c. E. CAHCEL ON BOTH SIDES. Cancel any Ions or molecules or e 
fCI. C. CHEMICAL 'ROPEBTIES. (1) NEUTRALIZATION : ' AC~d p·I'us ba; appearing on both sides: Mn02 + 41/' + 2CI- ..... Mn" + 21/20 + Cl z• 
mctaillc hydroxides) produces salt and water. NOTE: the rovcrso reac- 13. ELECTROCHEMICAt REACTIONS. A. ELECTROUSIS OF WAU • . 
Ion: sall+ water ..... acld+ baso.ls of ten called hyd rolysis. (2) ACIDS 21/z0 ..... 2H200t + 02ot. (1) WATER OISSOCIATES: lIaO ..... Jl ' + OH-. 
IEACT WITN .. ANY METALS: Zn + H 2S04 ..... ZnS04 + Ih f. el l ACIDS (2) HOHIoIAN AP'ARATUS : 211' + 2e reduction 1120atcathodc' 40H- - 4t 
luCT WITH CARBONATES: 1IfgCO, + VICI ... MilCh + /120 + CO2 t. oxidation ----+-, 
S. BASES. A. I'ROI'ElITIES. (1 ) Ylllid hydrodde Ion s when dissolved ------+ 020t + 2lhO at anode (+ tennlnal). Multiply 

1'1 water. (2) Turn red litmus to blue (3) Aqucous solutions have a hydrogen line by two to reall1.ll an equal number of 6lectrons: 
.IHer taste and leel slippery. B. COIoIMOH 8ASES. Caustic potash. KOH' 4H' + 4t + 4011- - ·1~ ..... 2/[2Of + 020f + 211z0 Or 4HOH ..... 
ye, NaOH; milk of magnesIa, Mg(01l)2: limewater, Ca(OlIh; hOUse: 2Hzt + Ozt + 2lhO. Simplify by subtracting two waters from 
:old ammonia. NII.OII. C. CHE" ICAlI'AOI'ERTlES. (1) NEUTRALllATION : each side: 2H20 ..... 2HzOf + 02"f. NOTE: il has been demons trated 
ase + acid ..... salt + water. (2) REACT WITH NON-METAlliC OXIDES: that the half reactions taking place at the cathode and anode ac
'onn sal t and water: COz + 2NoOII-+ Na2CO, + H 2 0 . tually ' Involve molecules of lhO rathcr than Ions: 2H20 + 2c ..... 
D. I'I£l'AAATION or BASES. (1 ) ACTIVE METAL ON WATER : 2K +21120 ..... H2 + 20H- at cathode; 21120 ..... 0 1 + 4//' + ok at a node. 
'. 1 + !!KOII. (2) METALLIC OXIDE ON WA TEA; CaO + //20 ..... Ca(OIl)2. I . GENE.RAl RULES fOR ELECTROLYSIS . (1) The less actl\·t! an clemcnt the 
S) ELECTROLYSIS Of BRINE: 2NaCI + 21/2 0 ..... 2NtJOJl + 1/ t + CI f. more eaSIly wllJ Its Ion change to the uro-Yalenl form; J- will change 

~ 0 2 2 to 12 more caslly than Br - to 8r2; Ft" to F,pmoNl caslly than 5n" to 
At anode; 2Ct- - 2e oxidation Clz t· 5n". (2) Slngle Ions will usually change berore comillex Ions. C. RULU 
At cat hode: 211' + 2e ~ H 2° t. fOR ELECTROPLATING. (1 ) Usa D.C. (direc t current) on ly. (2)ObJoct to 

uelon be plated Is oonnected to th ll cathode. (1) Anodo barm.de of metal to 
5. SALTS. A. PRO'ERTIU. (1 ) Usually 100'7 .. lonl:wd. (2) Many salts be dllposlted onto obJecL (4) Eleclroly te In solution Is a salt of the 
rc nearly neutral to litmus. (3 ) Taste " salty". B. COMMON tALTS. Ep- metal to be plated. O. A SIL VER ELECTROI'LATINIl CELl. (1) ANO DE: Barot 

Arenls, Ph.D .. University of Ihe Cily 01 New York. 
Silver loses electrons a.nd goes Into SOlution: Arf' - Ie ..... A~. (2) 

ELECTROLYTE; SOlution of Ag' + NO) - (sliver cyanide solutions lire 
used commercially). (1) OBJECTis conneetod to cathode. Elllctrons now 
through battery so that s liver Ions In solut ion pick up electrons and 
are deposIted as metallic sliver AI~ + le ..... Arf'. 

14, ElEMENTS IN THE HALOGEN ("S ALT FORMERU) FAMILY. 
A. FLUOR IN E. Discoverod by Mol5 .. n In 1886. (1) PREPARATION: elec
trolysis of potassium hydrogen nuorlde dissolved In anhydl"Ous liquid 
hydrogen nuorlde: 2KJlFl ..... 2KF + Ih f + F2 t Is collected In 
staln lcss steel vessels at tho anode. (2 \ TEST f OR FLUORIDE ION : IIF 
IItches glass. CaSIO) + 6HF ..... 3H 20 + SIF4 + CaF2. (1) I"'ORUNT 

COMPOUN DS: Freon (CF 1Ch). a refrige rAnt;,. cryolite (NaJA".), sol
vent In AI metallurgy, sodium nuorlde (No£),:m Insoetleldll and (like 
stannous nuorlde, SnF1) helps prevenL tooth decay In cblldNln, 
uranium hexafluoride (UF,). gas used to separate uuo from Its Iso
topes. (4) CHEM ICAL CHARACTERISTICS: Explodes with hydroglln even In 
absence o r light to form highly stable weakly Ionized hydrenuorlc 
acid (H1 + F2 ..... II1F2, usually represonted as 2HF). F1 Is the most 
electronegative elemcnt, and IS therefore a more powerful chemical 
oxidizing agent than any other element as It removlIs electrons from 
all other elements: Cli + F2 ..... CIIF, or Cuo _ 2e nlda Uar Cu " 
as F20 + 2e ~ 2F". B. CH L.oRINE. Isolated by Scheel. In 1774, 
named and proven to be an elemllnt by Dny In 1810. (1) PRE'ARATlON, 
TEST. I'ROP ERTlES :seeDIG Chcm. I. (2) IMI'ORUNT COIol 'OUNOS : SOdium 
hypochlorite (NaOCI), a blellchlng agent; sll~cr chloride (AgCl). used 
In photographic emulsions; chloroform (CIICI,) , an a nllsthetlc; 
a lum inum chloride (AICI,), a ca/alyst In Increasing gasollne .ylllid by 
cracklnglargll petroleuln hydrocarbons; sulfur ehlorlde (SIC/ I). used 
In vulcanizIng rubber. C. BROM INE. Discovered by Balard In 1826. (I ) 

PREI'ARATlON, TEST. I'ROPERTlU ; SCI.l OIG Chern. I. (2) tW'ORTANT 
COMPOUNDS: Ethylene dlbromlde (C211.B'I ), added to leaded gasoline 

removes freed lead as lead bromide (PbBrz); silver bromide (AgBr) 
usod In photographIc cnlarglng paper. D. IODINE. Extracted by Cou,
tel$ in 1812, from sea woods. (1) PRE'ARATION. TEST. PROI'ERTIES; $e() 
DIG Chem.I .. (2) IMI'ORTANT COMI'OUNDS :Dl-Iodlne pento~lde (120$), an 
Indicator to dlltect presence of carbon monoxide; lodoqulnlnll sulfate • 
usod In making crystals for Polaroid nlm. (4) HYDR IODIC ACIO (HI): 
Is most uns t able and hani-to-form halogen acid; formed by action or 
phosphorus trl-Iodlde on .IYa,ter; Ph + 3H20 ..... H3'0, + 3HI t. 
E. AUATINE (AtlS). A synlhetic radioactive element that can be 

made In an atomic accelerator. 
IS. GENERAL I'ROPERTIES OF THE HALOGENS. A. OCCURRENCE. 

Halogens aro neutr found free and uncombined; they are always found 
In compounds. a . RELATIVE ACTIVITY. (1) Each halogen having stllen 
electrons In Its outermost orbit has a tendency to gain one eleetroo 
and become a halide Ion exhibiting a -I nlencc. {2) The chemical 
actlvltles of thll halogens deertan with Increasing atomic number: 
nUorlne. chlorine. bromine, lodlnll. as tatine. 

16. SUtFUR AND SUtFIDES. A. OCCURRENCE. Sulfur 1$ abundantly 
found In the free IIlemllntal form (In Louisiana and Tun) and In 
combined lorm (In Sicily and Japan as volc:mlc rock). B. EXTRACTIOH. 
(1) FRASCH I'ROCESS :Throe conctnltic pipes are sunk through quicksand 
Into sulfur II'.yers. Superheated water (IG'/OC) Is foroc-d dOWn outer· 
most pipe under pressure to mtll sulfur. Compruud hot a ir Is forced 
down Innennost pipe forming a froth with the melted sulfUr and 
driving this froth up the m iddle pipe. The sulfur Is abou t 99.590 pure 
In this form. (2) VOLCANIC ROCK I'ROCESS : Rock 15 Ignited. melting the 
sulfUr. C. PURifiCATION. Sulfur Is distilled In large Iron rtltorts. 
(1) FLOWERS or SUlfUR: Powdllry condensed vaporS. (2) ROLL SULFl,!R : 
Forms on coollng liquid su lfur In cylindr ical molds. D. ALLOTROPIC 
fORNS . (1 ) RHOMBIC SU LfUR (S,); Formed by dissolving ro ll sulfur In 

carbon dlsulnde (CSz) and allowln, the solution toenporllte; solid 
crystalline In form having the shape of an aclahedron (3-dlmenslonal 
diamond-shape); most stable for m aL room temperature. 
(2) MONOC LI NIC DR PRISMATIC SULfUR : Formed by gently melting roll sul
fu r and allowIng It to cool slowly; crystalll1.Cd In form of long needle
Ulle crysfa/s though stili S,; converts to rhombic form below 950C. 
(l ) ~-(LAMBOA ) SULfUR; Formed at temperatures slightly above the 
molting point of 5; It Is a s traw-yellow colored cyclic ferm of S. 
that has a nuld form . (4) ~-(MU) SUlfUR :Formed by heatIng i\-sulfur 
to about 2000(;; It Is a highly vlsoous (slow_nowlng) liquid form that 
darkens to a red to black color. (5) AMORPHOUS SULfUR: Formed by 
pouring boiling 5 Into cold water; 4 sticky, ru bbtlry, dark brown or 
blaCk praslic mass; InsolUble In CS.: IIndually reverts to rhombic 
rorm as It cools. E. CHEMICAL PROPERTIES. (1) VALENCE : In suilldos, sul
ntes, sulfates - 2(ZnS, HIS) also + 4(SOz) and +6(501). (2) BURNS 

IN 02 ; blue name. 5 + 01 ... 50at. (l ) SUPPORTS COMSUstlOH : an 
oxid Izing agllnt( gains 6lectrons) Cu + S ..... CuS; Fe + S -;. FtS . 
F. USES. VUlCAni1.lls rubber G. HYOROIULFURIC AC ID (H2 S). SI'l8 Chern 1. 

17. AOOS AND OXIDES OF SUtFUR. A. SULFUR DIOXIDE. see Chem I. 
B. SU LF UROUS ACID. Unstable: II1S0, "# 11, 0 + SOz. (1) REDUctN' 
AGENT: Bleaches purple solution of pou.sslum permanganate; 

SHzSO) + 2KMnO. -+ 2MnSO. + K2S0. + 2H2S0. + lHIO. NOTE: 
Mn+7 ~ Mn~l - 5e, while S·· ~ $1" + 2e. (2) USES: 
PreservatiYlI; antiseptic. (l ) SULFITE CONPDUHOS: Calcium blsulnte 
ICa(1I50, )d used In processing wood pulp Into paper. C. SULFUR 

TRIOXIDE. (1) PREI'ARATION: 2S01 + 0 ) ..... 250) f at temperatures 
of 4o<PC In the presonce or the catalyst II(Inadium ptnloxid~ (V20d or 
nnely divIded platinum. (2) I'HYSICAl I'RO'ERTlES : WhIte, crysU.ll!ne 
solid at room temperature. (3) CHEMICAL I'ROPERTlES: Reacts vigor
ou sly with water; SO, + H20 ..... HISO • . Dissolv6S In concentrated 
sulfuric acid forming turnIng sulfu rIc acid also known as ol. um or 
pyrosulfurlc acid: SO, + H2S0 ...... H2S201 or H2S0 4 ' SO,. 

18. SUlFURtC ACID OR Olt OF VITRIOL. A. PREPARATION BY CON U CT 

I'ROCESS. 5 + O 2 ..... S02; 502 K+ SO,; SO, + /[2S0 ...... H250 •• S0,; 
H10 + H150 •• 50, ..... 2H zS04. B. 'HYSICAl PROPERTIES; A 
denS6. oily liquid t hat Is colorless. odorless. almoSL twice as dense as 
water. and miscible with wawr. HOTE : Alwllyl add acid to water, 
nenr the renr1e. C. CHEMICAl 'ROI'ERTtES. (1) DEHYDRATING AGEHT 
(Nlmo~es wa ter from compounds): Chars wood and sugnr: C~JHuOIi 

H;'S"t. 11C + llH20. (2) ACTION OF DILUTE HISO. ON METALS: Zn + 
lhS04 ..... ZnSO. + H~ t. (1) ACTION OF HOT CONCENTRATEO H2S04: 
With acliue metals (Zn, Fe) yie ld H 1 S: 4Fe + SH2SO .... 4fe50. + 
4H20 + H2 S f; with Ius acliue (CII, Ag. Hg) metal s yield 501: Cu + 
HlS0 ...... CuSO. + 2HzO + 502 f. (4) ACTION ON SALTS : Forms other 
acids with boi ling points lower than Its 11s<:'C IlO lnt: 2NaCI + H2S04 ..... 
NaaSO. + 2HCI. (5) ACTION WITH METALLIC OXIDES: Forms salt and 
water: M,O + HZS04 ..... MeSO. + H20. O. TEn fOR A SULfATE IOH. 
A whitt pruipitolt forms when barium chloride Is added. The ppt. Is 
insaluble In hydrochlor iC acid: H1SO. + BaCIa ..... 2HCI + B.S04 ,. 

E. USES. (1) PREI'ARE OTHER ACIDS: H 2SO. + 2NaNO, .... Na2SO. + 
2J1N01 . (2) FERTILIZERS : Converts InsolUble rock phosphate Into 
soluble mono-calcium phosphate or superphosphate: Cal(' O.12 + 
2HzSO ...... 2CaSO. + Ca(H2 PO.)z. (3 ) RErINING 'ETROLEUN : RemO\'es 
Impurities from gaSOline and kllrosenc. (4) REfiN ING COAL lARS: 
ProducLlon of dyes. disinfectants and drugs. (5) ELECTROLYTE : In lead 
storagll battery. (6 ) I'ICKlING OF METALS: Iron and steel. 

19. METALS. Elements that haveftUl elcctrons In their outermost 
shell (a ll e lements with I or 2~, 111 1 e lements with 3t11cept Boron. and 
II few exceptions wIth 4. 5 or 6) are metals. A. ~HVS ICAL PRO'ERTIES. 
(1) MALLEA8ILITY: Ablllty to btl hammered or roll~d Into sheets. (2) 

COHDUCTIVITY: Ability to tondua heat and electrlcl~y. (3) DUCTILITY: 
Ability to be drawn Into thin wires. (4) LUSTER: Sheen and lack 01 
transparency. (5) STATE: All are so/ids at room temperature uUPI 
merCury. (6) CRYSTAL STRUCTURE : Each metallic atom su rrounded 
by a to 1.2 nel,hbOf5. a . CHEMlCAL 'RO,ERT IES OF METAU. (l)CIlARGE: 



LoleeJect.ron. and beoomepo.lt!vel)' chugecllons:AP:>-J.~Ar-. from Its ore: Zn + PbO -+ ZnO "f- Pb. de.tona U! .. then 8 HI, 32. 54 and so on In over Increasing prolusion, 
(llELECTROPOSITIVE: AlIosldationst&to. areposltlve (Fe-and F,.-.). 26. IRON AND STEEL- A. IRON. Fourth mOlt abundant element by releasing tremondous energy capablo 01 d6lltroylng & tlty. 
) HYDROXIDES AilE BASIC OR A~I'HOTEMIC : Can let as either acids o r weight In earth'. crust. (1) ORES: HemaUte (Fl'tOt), m agnetite and r.FIUIONABLE FUELI. CII*', van, Putn, The latte r two are produced 

a..ses and Ire soluble In I tron,ly acidic or strongly bulc solutions: taD(lniUl (Fl'aO.), pyr ite (F .. Sa). siderite (FI'CO,). (2) TEST : Formation In breeder plies where much more nolon.ble material Is produced 
II(OH), 4 + N. · + OH- -t N.· + AI(OH ). -orAI(OH)" + 3H · + or a bllifl p'ffipitl2te when pot .. ,lum le"lc:ya nldeIS added to a oolu- than Is upended : nun. + Onl -t n U,n -t uNpu, + -I .... The 
t /- -+ AI ... • + 3CI- + 311, 0: thus A/(Ollh may a lso be written as tlon containing Fe'· Ion.; form a tion or a bluepredpjtClte when pot .. _ transuranlum elementnoptunlumthonbecomesplutonlum:uNpl lt-+ 
I,AIO,. (4 )REDUC I NCACENTS : Tendencyto losee l ectl'On5~.OCCURRENCE , iu"" lerroc:ya nlde Is added to a 00lu1l0n containing Fe'" Ions • • Puu, +_,eo. O. ATOWIC PILE OR NUCLEA~ REACTOR. (1) FUEL: 
r METALS. Oru are material. In which metals or tholr compounds B. BLUT FURNACE. (1) CNA" E: lIematlte ore, coke, IImtslone (nux Usually natural uranium enr iched (J1U, PUll' or cpu .sealed In 
!cur. (1) rUE 011 NATIVE ORES: Metals found uncombined Include removes Im purities). hot ai r (en ten throueh tuyere dUCts). aluminum cans within the pllc. (2) "OOERATOR : Reduces tho velocity 
',,'"',.',',',',h,','! .. ,',d" . 'll !!~n,",m,,'d',2!..O,~O~E, ,' ,RME! : ,'.',",m'"m'n."m,.\ ',rou,n,' ,," ,n. (2) REACTIONS: C + 0, -t CO, t: CO, + C -+ 2CO t, the rtduclng agent; 01 the neutrons causing more elfectlve neutron CIPture; usually are 

o ) ' u" .... "", ....... FezO, + 3CO~3CO,t+2Fe,cutlnloblockscalledp l,lron ;CaCO,-+ blocks of ,raphlte butmlY l iso be heavy water surl'Oundlng the pile. 
JRES : Zinc, mercury, lead, copper, .lIver. (5) HALIDES (rIlDW CaO + CO, ti CQO + SiD. (sand Impurities fl'Om Ortl) ~ CaSiO" (1) CONTROL RODS: Absorb neu trons to provide control; may be made 
fALDCENS ): Sodium, potassium, ealclum, magnulu m. (6) SUlfATES: s lag noats on molten lron.c. TYPEI or 110M. (1) CAST 011 PIG IRON : Con- of boron Or cadmium steel. (. ) COOUNT: Water, air Or liquid SO't!um 
alc lum, barium, lead. talna h'(lm 2 to S,," carboni Is hard but. brltUe; used In radiators and (or Na.K a lloy) may be clM::u lat.ed throughout. the pile to aboorb .ne 
ZOo ALKALI METALS. OI'OUP I A of Periodic Table-Sodium F.mlly. steves. (2) WRO UGH T IRON: Contains I~ than 0. 1"0 carbon ; resistant heat tha t Is released. The heat may be converted lo electricity or 
· LlTHIU ... (1) DISCOYERY: 1811 by Arfudla n and loolated In 18SS by to rust and corl'Oslon ; used In ornamOlltal turnlture, blacksmith Iron steam. (5) !lADIATI ON SHIELD: Pile encased In lead, heavy concrete or 
Un"n and Matthl."en . (2) USES : In ceramics, drues. welding. (1) STEEL: Usually contains from 0.1 to %'J{, carbon with Illoying sleel.H. FUSION. (1 ) DEfINIT IO N: The bulldlngupofhea'lernucleltrom 
• SODIU ... (1) DISCOVEIIY: On), prtlparecl No In 1801 by electrolysis: metals; great. tensile sU'eneth; used In cars, structura l beams. lI,hter nucle i. (2) SO URCES or THE SUN'S ENEIIGY: 4,HI (total alomlc 
\,IaCI -+ IN. + CI, f (react ion clrried out In a Downl Cell ). (2) 27 . HOW STEEL IS MAOE'.A. BEUEWER CONYUTER. (1 ) PROCESS. Hot weight 4.0300%) becomes IH •• (at.om lc weight 4.003) + energy. The 
'HYSICAL PROPERTiES: Soft (can be cut with I!. knlfo); dllnslty loss than air or OJ, ,en Is blown up through the pot removing carbon; other conversion 01 0.0%'132 at.omlc weight unit accounts for the asl.tOnomlc 
Iter, tioats on H, O. (3) CHE.lI ICAL PROPERTI ES : 2No + 2HOH ~ /It" and Si Impurltles are converted to OJldes byoIldaLlon. (2) CNARCE energy released.l. NYDIIO(lEH 011 FUSION THER"DNUCLEAII 10" • . A nulon 
'IIoOH + H , f: reacts with air at room temperature.c. IMPOITANT Molten cast Iron. (1) SPIECElEISEN: A ferl'Omanganese alloy rich In bomb e.ploslon trlgge.n the hydrogen atoms. 
ODIU .. COMPOUNDS. (1) NICI : Found In depOsits or I'Ock salt. Used to carbon Is added I fter tho o.ldation blasts. (4) PROPEIITl ES: Moderately 34. ORGAN IC CHEMISTRY. A. PECULIARITIES or CAII8DN ATOMS. (1) 
lake ooap. prepare IICI acid, prese rve foods. (2) NoOH: Prepared by hard, malleable and ducUle; can be cas t and welded. (5) U1E: MakC Carbon u sually has a valence of 4 (fe(ral/Qlent). (2) Can be bonded to 
ectl'Olysls 01 brine: 2NaCI + 2HOH -+ 2NaOH + Hl t + CI, t, and rods. wire, sheets . • . OPEN-HEARTH FURNACE PROCEIS. (1) CHARGE : Pig other carbon atoms to form chain or ring compOunds. (1) Can form 
, adding slaked time to sodium Clrbonate: C.(OH ), + N.ICO~ -+ Il'On, hematite, .crap Iron and .teel, IImestene and a basic tlnlng on single, doubfe,o r Iliple bondS with other atoms, Including other carbon 
\,leaH + C.CO, , . Used LO make soap, dissolve sUk and WOOl, make nre bed. (2) HEATING SYSTEM : Producer ,as Is renected down upOn the atoms; also form covalent compOunds. B. CHARACTERISTICI or 
ISCOse. rayon. (1) NaNO, (Chile SeUpe ler): Used In maki ng HNO,. chargo as It p"SseS over and across tho furnace. The now Is period 1- ORGANIC COMPOUNDS. (1) Hydroo;ubon, Ilnd many othor organic com_ 
I) N.,5,0, • SH10 (h ),po): a n~er In photogral,hy. (5) Na28407 ' cally reversed LO conservo heat; this Is called a na:eneraUu heating pOunds are Insoluble In watcr. (2) Roactlons usu ally proeecd slowly 
)H,O (bar .. ): a Waler softener. (6) Solvay procell for preparing syslem. (1) REACTIONS: tmpurlllcs are oxldlz.od to the d~lred level: and require heat or cat.I,lts. (1 ) Generally covalent and non_Ionic. 
xl lum carbon.te and sodium hydrollen carbonate: CaCOI -+ 3C + FetOI ~ 2Fe + lCO, t; 3Mn + FC,O, ~ %Fe + 3MnO: lSI + (4) Melt, boll and decompose aLrelatlvely low temperatures. (5) "l any 
. 0 + CO, f; CO, + NIh + IIz O .... NII.lICO, : NaCI + NH 4HC0 1 -+ 2Fe, OJ -+ 4Fe + 1510,. (4) USE : Slructural steel for brid ges and organ ic compounds can burn. C. ISOMERS. (1) Two or mol'O compounds 
IH4CI + NaHCO, 4; 2NaIlCO, .... Na,CO, + 11,0 t + CO, t : bulldlngs.C. ELECTRIC ARC PROCESS. (1) An elcctrlc current passes be- h aving the samo mOIOOUI)a "" "'.'L BUUN, (j) ISO-BUTAN[ 
I.,COI + HJO + COl -+ 2NaHCO, : CQO + litO -+ CI2(OH),; tween three carbon electrodes In a furnl!.ce containing IItUe air. (2) tormu la butdlfferl ng In th ...y 
. (OH ), + 2NH.CI -+ C.CI, + 2HI0 + 2NHs t. O. POTAUIU ... (1) IIIgh quality, expensive sleell. produced.D. HARDNESS or STEEL. (1) ar rangement of the atoms H H H II II II H 
)!SCOYERY: By Dny In 1801 by electl'Olysls 01 fu sed KOH. (2) TEMPERING : Carbon Sleel Is heated and subsequently plun ged. Into with in their molecu les (2) I 1 1 I 1 I I 
>!IOPERHES : Resembles No, but even more ac tive. (1) IMPORTANT cold water, resu lUng In hard but brlttlo slOel; repeated as necessary !lubne (C.Hlo) can be a II-C-C-C-C-II II-C-C-C- H 
:OMPOUNDS: Saltpeter(KNOJ) , lor m aklngblack gun pOwder; K,S04, 28. AllOYS. Mixture of two or mortl met als exhlbltin, pl'Opertles straight or a branched I I I I , I I I 
)r fer tillu: r : caustic pOtash (KOH), used In the Edison battery; dllferen L rl'Om any compOnent metal. A. CO .... ON ALLOYS. !Iran: chain; each gives the com- "!! ~fO J.!,. II ,,_ "H 
;.\ln04, an oxldiling alent.E. IU8IOIUM AND CElIUW. (ll DISCOVERY : CU + Zn. Bronx: Cu + S". Oura lumln : Al + Cu + Mg. Gold Amal_ pOund a different. property. B.P._ . ..-.., B pH _ , _ 
17 Bun"n In 1860 via use of 'pectl'Oscope. (2) PREPARATION: Heat Rb la m : IIg + Au (amalgams are a lloys of 1111 ). Maa:nallum : AI + MIJ (1) The number or loome .. - - .. -... 
nd C, compounds with metallic Ca or !lf1J· (1) USE : In photoelecu lc Solder : Pb + S". Nichronut: Fe + Ni + Cr.l . ALLOY STEELS. Chrome Increases ve ry rapidly with an Increase In molecu lar weight: C.llto 
ells. r . FRANCIUM. (1) DI SCOYER Y: 1931 by Perey. (2) FORMED : By dis- Iteel : Fe + C, + Si + Mn. SlIIeon stell : Fe + Si. sta lnlen steel : has 2 Isomers. C.II11 hu 18 Isomers. Culln has J5S tsomers, 
llegraUon of an Isotope 01 actinium . Fe + Cr. Van.dlum 5t .. l : Fe + V. C"Hu has 60.5%3 lsomen. 
21. GENERAL PROPERTIES OF ALKALI METALS. A. OCCURIIENCE. 29.RADIOACTIVITY. The spontaneous disrntqratiD" of the nucleus 35. HYDROCAII80NS.A. DEF. (1) Compounds composed of only hydro-
,Ikall metals are the most .cllve m eta ls and are neller lound Iree; of an atom accompan ied. by emlulonof particles and rays." . NATURAL gen and elllbon. I . HOWOLOGOUS SElIIES. Group of compOunds that can 
bey are always round In compOundS.8. SEPARATION. AU a lkali metals UDIOACTlYITY. (1) Dlscofertd by Blcquerel In 1896 when u ranium be represented by a general formula whertl each compOund diners 
re separated fl'Om their salts by electrolysis of fu,ed salls. ores emitted penetrating rays that alTected a photographic plate Il'Om the next by one carbon and two hydrogen atoms ( - CHi) . 
. IEUTlYE ACTlYITY, (1) Each metal has I electron In Its outermost (2) The Curln Investl,ated pitc hblen de and dlscovertd rl2diur.! and C. ALKANES OR PARArFIN 011 METHANE SEIIIES. (l ) Charaetertz.ed by hulng 
rblt, has a stl'Ong tendency to lose this one elecLl'On and become a + polOllium which emit atomic partIcles and are transmuted to other only slnglo bonds between carbon atoms. A single bond consists of one 
In. (2) Alkali metals are s tl'On, reducing I2gents. The chemical I.e- elements. (3) Rutherford dlSCOyered Lwo types: char,ed particles and paI r of , hartd elcctl'Ons. represented by a single line. AI/tQnes are 
"Illes of the metals In an7 family Increase with Increasln, atomiC lamma rays (unchareed.). B. KINDI or IADIOACllYE £MISSIONS. (1) satu rated compounds. (2) FOMnu la: CnH(zn. , ). The nrst ten mem
umber: Na. K, Rb, CI, Fr. The heavier the metal, the more easily does ALPHA PARTICLES IX: IHe' are he.llum nucle i ha, lng a mass (atomic bersor the series are: math.n " Cll.; ethane, C2 H, : pfOpan., C,H.: 
• lose Its ona outer electron. (1) The atUactlon of the poSitive ly weight) of 4 and a char,e (atomic number ) of + 2; may be very fast butane, C.Hlo: pentane, C,H,, : herane, C4li l4 : heptane, C1H,,: 
harged. nucleus d iminishes wit h distance from K-Jhdl outward and but have little abili ty to penetrate-they can be absorbed even by a octane, C,Hu; nonane, C.U,O: decane. C,olin . D. ALKENE 011 
) lau able to hold the one electl'On In the distant orbi t. NOTE: In sheetot paper or thin a luminum 1011. (2) BETA PARTI CLES fJ: _1110 are ETHENE 011 ETH't'LENE SEIIIES. (1) Ch l racterl z.ed by one doubl. hand 
queous solutions. Li Is uceptlonally active because 01 the hl i h electrons having almost no mass (ictuilly 1/1831 of a hydl'Ogen between adJacen t carbon atems. A double bond conslstsof t.wo,hared 
ncr,y of hydration of Li'.D. '1I0PEIITI£1. (1) Soft, slivery metals have atom) and a char,o of _I; artl ul t ra high speed particles with long pairs of elec tl'Ons represented by a double line. AI: 1(1i"\ ETHENE 
)W mel ling and bollin, points. (2) React e'en with cold water f'&o ranllo (high penetra tin, power); they can bo absorbed by aluminum kenes are unsaturated. (2) Formula Is CnH,n. Some ~ H H 
lulng hydl'O,en and form ing strongly basic solu tions. sheet. (l ) GAMMA RAYS y: lIue hIgher ene.rgy than X-rays ; ha ve representall¥e mambers al'O propene (pl'Opylene) I I 
22. GENERAL PROPERTI ES OF ALKALINE EARTH METALS OF GROUP neither mass nor charge and artl not deRected by ma,netlc or electric CIH" bUlene (bu tylene ) C411,.E. ALKYNE OR ETH'I'NE H-C= C-H 
II A OF PERIODIC T AILE." . FAMILY .. EWBEIIS. Beryll Ium (Be). Mag- Relds; travel at s~ of lI'ht and have exceedingly hl,h penctratlng lUI ACETYLENE SEIII£1. (1) Characterlud byone tr iple );;;",,;0.;;:-;;;:;;;;;:_ 
leslum (Mg), Calcium (Ca), Stl'Ontium (Sr), BarIu m (Ba), Radiu m power; they can pass t hrou gh 41nches of IOlld. C. NUCLEAR EOUATIONS. bond betwoon adJaoont carbon atoms: lI-C-C-H (othyne or acety
W4). B. PRDPEIITI£1. (1) React with water releasIng hyd l'Ollen and (1) Subscrlpls refor to alomlc numbers; luperlcrlpts refer to ltomlc !cne). (2) Formula Is CnH,n_l . F. AROMATiC IERIES. (1) Parent com
ormlng basic solu tions. The a lka line earth meta l hydroxldcs are less wei9htf. (2) Transmutations affect the nuclcus and thus only the pound bentene h as formul a C4H,. It may be represented by Fig. 5 
oluble than the alkali me.tal hydI'OIldes. (2) Group II A are l hesecond nucleus Is Illustrated. (1) The lum of the chara:u (At. No. or sub- OCO 
~ acU" llrou o{ metals nut to Group I A. {l ) Elements are a l- scripts) on one side of an equaLion must equal the sum or the charges (j) iIi ® I! ANTHRACENE r I ' , 
rays found comti neil In nature. (4) Hive lwo eiectl'Ons In ou lermost on t he other slde. (. ) The lum of thc m~uses (At. Wt.or superscr Ipts) C C CUH IO ~ /. /, 
rbl t and tend to lose both 01 them forming Ions wllh a chareeof +2. on one side of an equation must equal the sum of the m asses on the / , ~ "-
I) Separated from fused salts by electrolysls. C. IIE!.ATlVE ACTlYIT'!' . other side. D. BOMBARDINII PARTICLES. ani = neutron, .HI = proton, H-C C-H H-C C-H PHENOL O-OH 
!hemlcal actlvlty Increases with atomiC radius: Se, MI, Ca. Sr, 8a , R • .• HI = deuteron, IHl = triton, aHe4 = alpha. _lea = beta, . , eo = n I Or I I C, H.OH 1 CD 
"3 C"OUM AND ITS COMPOUNDS A CALCIU" (1) Fifth most posltl'On. Examples: lN I ..... , cu + IH I; .. Cd ' II + 0,, 1 -+ .. Cd' " + It-C, C-H II-C..... /c-n /. 
"'. .. • .• ""'· 1NU+,H.·~IOll+I HI ·,C I0~+,to+,B l a . ";,, GO 
~undant element In the ear th's crust. (2) Reacts with water at a D Pbll O -+ eO + 81110 . Blo' + lie. -+ Nil + or:. C C r ~ 
~wer rate than either Na or K. The sll,hUy soluble CQ(OHh pro- II - , n , , , 1 · I I NA PHTHALENE I 
;Uced In the reaction coats the surface of the t::4 and retards olld&- 30. RADIOACTIVE DISINTEGRATION SERIES. (1) ThorlumlU ser ies II H Cl oHt ~ /, 
Ion of more CIP to CQ'" B LlWESTONE AND MAULE (1) PROPERTIES' endS UI) as Pbnl; the %JZ Is exactly dl' lslble by 4 and Is called the FI I _"I Th 
¥bIte In Urtl CaCO fo~ni · a ,ray color Indlcaw presence of I~_ 4n + 0 lerlu. (2) Ur.nlum1U serlu end. up as Pb'o, ; the 238 or g.6 or a structure nterm ..... ale between them. esc artl 
I\1riues. (f } U .. ESTDN1E CAYES: Formed. by loss of COl lrom dl'Ops of divided. by 4 lea,es 2 leftover and Is called the 'n + 2 IoCrlu. (l ) Ac- resonatln, structures. All of the carbon_carbon bondS are therefore 

f f I bl C (HCO ) ~ caco ,+ CO t + H 0 tlnlumlu lulu ends up u Pb"n · the %31 divided by 4 leaves 3 left Identical and benu:ne does not behave like an uns.aturated compOund 
~~!f!.:~a':t ~~:ee;;osr I~m:,t!ne ha~ 'Ing down!..ard fro~ celll~g~ over and Is called the'n + 1 aerie;. (4) Neptunlum2U series Is not such as ethylene. (2) Prtlpared commercially by dlsLlllaUon of coal 
Irtl called. It.laelltu; COCOI masses ~Ullt. upward from ground of found In nature thou,h Itmay hAYeedsted; It can be produced In the ta r. (l) Other aromatic compounds (FI,. 1).C. SU8STITUTION PROD~cn. 

. lied. t / It (1) USE' B IIdl. te I I . .. te " laboratory · the 2J7 divided. by 41uyes I left on r and Is called. the (1) Replacement of hyd l'OIlen atom by another atom or radical. CH4 

lale are ca I a aIm n . . u n ma r a s , swee n 4n + ller'les and ends In Biza, (methane) + Cia ~ CH,CI + HCI; CH,CI Is me.thyl chloride or 
Icld soUs.c. OUICKLI .. E (CaO). (1) Limestene Is heated In yertlcalkllns : 3 1 RAD,OACTIVE OATINO AND OmCTION DEVICES A RATE OF ehlol'Omethane. (2) Other halogcn substitution products: chlol'Oform 
::aCO, ~ CaO + CO, t · (2) CaO + H,O -t CQ(OHh slaked lime; . . . I hI t h (ClfCI) th I f d l hi rodl 
'eactlon Is 1I0therm ic (heat Is liberated on r ight slde). Cl ) USES : DECAY. (1) HALr LIFE: Each radloactlvo lootope disintegrates at a or t r c Drome ane " an I~aes etc; reon or co: 
Y1ake calcium carbide In electric tUrn ace' CaO + lC -+ Cac + CO t constant rate ducrlbed by the hall life (the length of tlme required nUOl'Omethane{CCI1F, ),a refrlgerant,lodofoMn (CHis), an antiseptic, 
!hen Cac, + 2H,O ~ Ca (OH )z + C,Haf ~Ives acetylene iue l; al~ for h alf of the atoms of the lootope to dlslnte,rate). (2) J'(PICAL carbon tetrachloride (CCI. ), nre eJtlngulsher; ethylen~ dlbl'Omlde 
lied for mortar 0 CALCIU" SUlrATE (1 ) C'(PSUM : Conver ts to rlaster HAlF_Ll YES: UU. = 4.5 blllion Yelln, C .. = 5,570 years, POU4 = (ClH.B'I), prevcnts deposition of Pb In cylinder or car, DDT or dl· 
,f Paris when 'e~n ll healed: 2C~SO. ,211 0 ~ (CoS04}:tH,O + 1.5 X 10- 4 seconds. I . IIADIGACTIYE DATING . . (1) URANIUM DATING: chlorodlphonyltrlch loroothane I(C,H 4 C/h CIICh ), an Insecticide; 

y , Co Amounts of long-lived plrtln t element (uramum) and of a daughter paradlchlOl'Obenu:ne (C,JI.C/,), a moth preventative. 
!H, O. (I ) USES OF C't'PSU" : Manuracture of cement and a fertil iter. element (/eQd) arc determ ined by analYSis. Ratloof these amounts de- 36 . AtCOHOlS. Contain ono or mortl covalen t hydl'Oxyl (OH) groups. 
I) USES OF PLASTU OF "RIS : wallboard _, plaster, surgical casts. creases With Lime at a rate that cln be calcullted from half-life of OH gl'Oups have been substituted lor one or more hydl'Ogen aloms In 
24 . HARD WATER.A. COMP011T10N. Con tai ns Ca" , II1g~- or Fe"lons. tho parent. (2) RAD IOCARBON DATING : Concentration of C .. In living a hydrocarbon. A. METHYL ALCOHOL, METHANOL OR WOOD ALCOHOL 

I . OIUDYAHTACES. (1) LOW SUDS : Ha rd •• t ll r formS 1\ calcium matter Is constant, but decays a t a known rate &lUlr death. lIbb)' (CH,OH). (1) PROOUCEO by destructive distil lation of wood. Also by 
Ittarlt. precipitate Ind does not lather until a ll Ca Ions are removed. determined a,es of fou ll samples up to 30,000 years by measuring synthesis fl'Om water gas: CO + 2H, ~ CH,OH. (2) USES: Antllreeze 
:17 precipitation. This wastes much soap. (2) BOILER SCALE: Scale of rad lollct lvlty of remaining CU . C. DETECTING ANO .. EASURING In cars, making plas tics; Ye ry poisonous, not used In beverages. 
Jreclpltated CaCO, (from temporary hard WAter) form s In bollen RADIOACTlYITY. (1) SPINTH.IIISCOPE OR SCINTIlLATION COUNTER: Alpha B. ETHYL ALCOHOL: ETHANOL OR GRAIN AlCOHOL, C,HIiOH. (1 ) PROOUCED 
lIld pipes reducing emclency of heaUng system . C. TYPES OF HARO particles produce nashes of light when the.y strike a fluoresccnt line by fermcntatlon of sugar by yeast: C, Hl1O Ii -+ 2Cl H, OH + 2CO, . 
WATE" . (1) TEMPORAllY HARD WATER : Con talns soluble bicarbonates sulfide screen or other su ltablo material. (2) ELECTROSCOPE: A radio_ AlSO by hydration of ethylene obtained. from cracklne of petroleum: 
:HCO, - ) and may be softened by boiling: CatHCOJ)z if C.COl 4 + active sample ionius the fJir al'Ound I pl'OLrUdlngmetalknob removing C H + H 0 H,S04 C H OH (C If' I b ki ll I 
"'.0 + CO,. This removes the Ca'-' (Mg.' or Fe") Ions. all or part of thechargcon the knob; as this happens, the pair of re- 1 . ' -.. 1 $ . rl21: 1n9 s rea ng arge mo ocuel 
2) PERMANENT HARO WATER : Contains soluble sulfates and chlorides pelled and dlver,ed. gold leaves movo together. (ll CLOUD CHAM8ER : Into small moleculcs to Increase , Ield Of gasolene.)(2) USES: Alcohollf 
lIld may be softened by addition of washing Sod4 (NI2,COa): CaS04 + Charged particles moving thl'Ough aI r (supersaturated with water beverages, tinctures, fuel. C. OTNEII ALCOHOLS. (1) PROPYL AlCOHGL: 
<4 aJCO. -t Cacol , + N. JS04 or CQCf, + NhCOl -+ CfJCOs , + vapor In the chamber) form 'Ilslble fog paths or tracks. (4) GEIGElI Pl'Opanol, C:lH,OH or CII,CH,CH,OH: t ho hydl'O.yl group Is at
'UiI2CI. O. WATEI 10FTENEIIS. (1) SOFTEN EllS Substances lhat remove CDUNTD : Particles entering the mica Window of a Oeleer- Mueller taehed to one of the end carbons. (2) ISOPROPYL ALCOHOL: C1H,0H 01 
:;a'~, "'g'. and Fe" Ions fl'Om oolution. (2) ZEOLITES: Natural mln_ tube Ionize the gas molecu les caUSin g a momentary now of current Clll CIIOllCH 1: tho hydl'Oxyl gl'Ou p Is attached to tho mIddle carbon ; 
lra ls contalnlnll' $odium silico.a/uminote,' uchllnge Na' Ions for CI2"; which Is Indicated on a counter and by I II l1ht nash. used as a rubbing a lcohol. (1) GLYCEROL OR GL YCERINE: C,H$(OH )a 01 
!he newly formed. calcium .moo-alumlnate can be transformed back 32. SOMBARDING DEVICE'S. A. IUIOACTi¥[ SOU'CU. (1 ) Cob.It"'; CllzOIICIIOHCII,OIl: Is a by product of soapmaklnf; used In manu· 
to the Nfl compound b7 concentrated NoCI SOlu tion, and then re-used. Source of ne,aUve beta particles. (2) Radium: Sou rce of high energy facture of nitroglycerine; med icines. (4) P[NTANOl 011 A .. n -ALCOHOL: 
1) PU .. UTIT: An ar tlnclal :.eoille that luels jl2stet than the natural alpha partIcles. (l ) Miltur. of Ber)'lIIum .nd Rldlum : Sou rce of C, HII OH, used to make lacquers. (5) ETH't'LEN E GUCOL: CZH4(OH):t, 
'orm . (4) ION-EXCHANGE IIESINS : Watcr passes thl'Ough granules of a neutl'Ons. 8. PARTICLE ACCELERATORS. (1) LINUR ACCELEJI ATORS: Pro- Is a permancnt antltreez.e. 
~at1on extfll2nge resin where all + Ions are retained In the resin and duce atoml~ particles of re lativelY low energy by Van de Gruff 37. ETHUS, ALDEHYDES, KETONES, ORGANIC ACIDS. ESTERS. 
"eplac:ed with 11': the water then passes throulh Il'ranules of a n generators, X-ray machines. (2) CIRCULAII ACC ELEIlATORS: Produce A. ETNDS. Ethers areorganlc compounds In which oneOlygen atom Is 
L11lon nchange resin where a ll - Ions artl retained. and rep illced with h Igh-speed, h igh-energy particles by means of strong magnetic and sln,ly bonded to each of twO carbon atoms: C-D- C. (1) PRODUCED 
')H- . The demlnera llud Wllter Is almost equivalent lo distil led electrostlltlc nelds In a cyclotron, betatron or synchl'Otl'On. by healing alcohols with a dchydratlne agen t like H,SO. : 
;pu rlned) water. H,SO. and Na,CO, renew Ion exchange resins. 33. FISSION, FUSION, PllE. A. fISSION . An .tom spli ts Into smll.l ler 2C1H,OH ~ C,H,-O-CzH, + Hl O. (2) NAW E: (CIH,)zO Is 
25. METAllUIIGY. The process of extracting metals from thei r ores. atoms and particles: UUI + Onl -+ KrU + SaUl + l onl + trem en - ethyl ether, (CH, ),O Is methyl ether, (CJH,)!O Is propyl elher. 
,.. MOHOOl OF OlE CONCENTIlATiON. Frequently, the ore Is concen_ dOUI en ere)'. B. NUCLEAR ENER6't' . One molc 01 UU', about 1.2 Ib, PI'O- B. ALDEHYDES. Obtained fl'Om hydl'Ocarbons by repillcing one or 
.rated to remove impulitiu or ,.n lue. (1 ) nOTH FLOTATION : Impu re duces liS much ener,y as the combustion 014 X 10' Ibs. or coal, Accord- more hydl'Ogcn at.oms wllh -CHO gl'Oups. (1) PROOUCEO by mild ox!. 
Ire Is gl'Ound to a pOwder, ml.ed with air, water. and 011. Ganllue Ing to El nsleln' , Conlenallon of Man.- Enerl)' law, mass can be con- d C" ,.tule 
Ilrticlu become wetted by waler, while oil-covered air bubbles s lick verted to energy and , Ice versa. The amount 01 energy Is calcu lated allon of an alcohol: 2CHJOH + 01-.... 2HCHO + 2H,O. (2) 
:0 the surface of the ore particles. Tho ore In 011 floats on LOp of t hc by the formula E = mc' where E Is encrgy, m Is mass, c Is velocIty of NAMES : HCHO Is fOrmaldehyde . CH,CHO Is acetaldehydc. C. KETONES. 
langue In water. (2) GRAYITA TlONAL SEPARATION : Run ni ng water IIl1ht. C. CHAIN REACTION. The parllcle that In itia tes a IIsslon reac tion (1) Ketoncs contain the carbonyl group > C-ccO attached to two 
nShes away III/hi g"ngue partlc los while the oro sottles to t ho bot.- Is a lso one of thc products, allowing su bseq ucnt lIu lons. The s low hydrocarbon groups. (2) Acetonc. tho most ImpOrtant kelone Is 
.om of the pan. (l ) ELECTROSTATIC SEPARATION : Impure ore Is ground C)n l which causes U, n to split releases from % to 3 othcr neutrons, formed by the fermentation of corn and Is aloo a product In the des. 
lnd electrically charged. The metallic ore Is a conductor and gives each capable of splitting othcr UU I aloms and re leasing sti li other truct\ve distil lation ot wood . (1) Acctonc, CHlCOCHJ, Is used to re. 
Iway Its charge while thc gangue retains Its charge (bolng a non_ neutrons. D. CRITICAL SUE OR MUS. The minimum amou nt of tlsslon- move nail 1)(lIlSh; a solvcnL tor paint, lacquer. D. ORCANIC ACIDS. Ob. 
:onductor). (4) WAGN ETIC CONCENTRATION : Magnctlo ores (Fe,O.) aro able matcrlal that will Jus t support a continuous reoction. E. ATOt.llC ta lned from hydrocarbons by replacIng one or more hydrogen atom s 
iOnarated from thc non-mllgnctlc ganll'ue. B. REDUCTiON or "ETALLIC 011 FISIIDN 80Wa. (1) ISOUTION or UU': Uranium honnuorlde (UF,) with carbo~y l gl'Oups - COOH. (1 ) FORMIC ACIO: HCOOH Is foun d In 
olin. Metals In ores are Ions tha t h ave lost electl'Ons' the motal compounds can be sepo,l2ttd by cueou, dlffullon through a pOrous the sting of anlS. bees. (2) ACETIC ACID; CHlCOOH or HC, HJOz Is used 
nUl t be reduced by gaining electrons to return LO the 'pure meta l mcmbrane as tha lillhter UIII molccu les diffuse faster than the In making cellu lose acetate. (1) OXALIC ACID : (COOHh, a reducing 
orm. (1) RED UCTION ay ElECTIIOLYSIS : All alkali and alkaline earth heavlcr Un . molecules. The Uu, Is usod as the rue l In the atomic agent In blueprInts. E. [sTDS (1 ) Produced when an acId reacts with 
neta ls and Al are reduOOlI byelectl'Olyslsoffu $Od salts.(2) REDUCTION bomb (2) It.lPLOS/ON Tw b " , , 
IY TliEIIMITEIlEACTtON : MetalS less acll~e than AI are se, .. ,'- l-m· : 0 su ocr t ca masses are rapidly driven to- an a cohol:othanol + acetic acld ~ethylacetate + water: C,H,OH + 
h I Id b I I, -"'U gother by small explosions. The laree amount of pure nsslonable CH COOH H,S04 

e r ox es y p t n, the mlnure: 2AI + h , O, -t AI,O, + 2Fe material allows for a lutchaln reac tion wheremostor the secondary , --. CH,COOCtH. + H,O. The HtS04 Is cat.lyst 
(1) IIEDUCTION BY MOR E ACTIVE EtEMEHT: A mDrtI acllve element neutrons are re leased at high 5 ........ ' and qulckl, " " k • • th,- n",.~_ and not a dehydratin, agent. (2) G',cerol + nitric acid .... nit ........ 

(higher on eleotromotll'e Jerles) rtlplaCC$ a lass active metal bl , , """" "" 'V 
a e nuc e so one Spllttlnll nucleus detonates two othcrs. These 2 glycerine + 11, 0: C,HI(OH ), + 1HNO, ~ C,HS(NO, h + lH, O. 
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BASIC ENG ISH GRAMMAR 
" USAGE 

A SIMPLIFIED SUMMARV '" INSTANT REFERENCE 

AUTHOR: Prof. John Middendorf. Ph.D., Columbia University. PRINCIPAL PARTS. The three parts of a verb nrc present 
GlOSSARY Of RIMS NOT DEfINED IN nIT Infinitive, po.' lenll, pod participle, (rom which all tenses, 

moods, and voices nre formed. Most verb, nre w eak or r eAu
ANTECEDENT. The word or group of words to which a pronoun Jar verbs whose past tense and past participle arc formed by 
re(era. (In "Tom lost his book." Tom is the antecedent of hi,.) adding -d, -ed, or -t to the infinitive (walk; walked, walked; 
APPOSmVf. A substantive Get beside another lubltantivl! and build . bual, buIlt). 
ai&nifying the same thing. (In "Our first president, W a.sh- Strong or Irregular verbs do not (orm their principal parts sys-
;ngton, lived in Virginia." Washington is in apposition ( 
with president.) tematically. Bite, bit, bitten bil)j blow, blew, blown, etc. 
COMPLEMENT. A word or group of words used to TENSES. A change in the verb form to indicatc the time 

sense of a verb. The complement of a transitive ~~~~;:~~:~ I ~i';;~~'~:::: state of being. object (He hit the dog. ) The complement of a 'ens. indicates a present or habitual action or con-
verb may be a predicate noun (This is Tom. ) , a (He is walking home. She works carefully.). 
pronoun (This is he.) , or a predicate adjectJ've ' enl. action or condition occurred or existed 
beautiful.). past time (He wa" walking home. She 
ELUPSIS. (Elliptical expressiOn)_ An expression not grammati-
cally complete but still clear and "correct" because the action or condition will occur or exist 
omitted words are easily understood. (While Ihe wa3) reading, will await you. We shall go next week. 
he fell asleep.) in the use of "hall and will, 3houJd and 
GENDER. The classification of 3ubstantives according to sex. would are fast di~ppearing. Will and would are generally 
The four genders are masculine, feminine, neuter and correct in informal usage. More careful usage demands (I) 
common (either masculine or feminine). Shall (should) in the first person, will (would) in the second 
IDIOM. An e:xpression which is in good use even though it and third persons to express simple futurity (I [wei shall go. 
sometimes violates grammar or loaic or both (How do you He {you] wjJJ come.}. (2) Will (would) in the tint person. 
do? aim to prove at home) . shall (should) in the acC(lnd and third person expresses 
NUMBER. A change in the form of pronoun, noun, or verb to determination, promise, intention, etc. (I [wei will speak. 
show one (singUlar) or more than one (plural). shall come.). (3) In questions, use the form ex-
PERSON. Changes in the form of pronouns and verbs to show the answer {ShaJJ you go? I sh all. WiIJ you go? I 
whether the person is 3peakinA (fint person), is ~poken to Use should in all persons to express obligation (I [you, 
(aecond person), or is ~poken about (third person) . ,they] should fight for freedom.). (4) The future 
SUBJEO. A word or group of words about which an assertion expressed by the present tense plus an adverb (I 
is made (The car hit the boy). tomorrow.) or by an expression like "going to" 
SUBSTANTIVE. ·A word or group of words used as a noun. to go on vacation next month.). 

VERBAL Verb forms which function as nouns, adjectives, or 1 ;~,~~~~;~~~~~':~'::'i"i~.:~A combination of has/ have with the . adverbs: which have some features of verbs (i.e., may take action or condition begun in the past, 
complements): but which cannot, together with the subject, on in the present (I have been ill for 
stand alone as an independent clause. Participles function as ~nowing for three hours .). 
adjectives (The running water): gerund~ function as combination of had and the past parti. 
nouns (Running is fun); infinitives function as nouns or condition begun in the past, com-

~ ~ (To run is fun), as adjectives (He had lots of money to past to some past action (He was annoyed 
..... ~ spend), and as adverb~ (It was too good to last). he had waited for three hours.). 
:::::J::'- FLlfun perllet ' ense. A combination of the future tense of 
~::! ----__ U I. PARTS OF SPEECH have plus the past participle, indicates an action or condition t;: ~ Any word falls into one of eight groups depending on its use that will be finished in the future before some future time (I 
-<:z in a sentence. Thus, words in sentences may name (nouns, have arrived by then .). 
~=; pronouns) , onert (verbs), modify (adjectives, adverbs), loin a. The ........ ,.IU" tone of 
!III:. b (prepositions, conjunctions), or expren ludden emolion (inter- ,...-. s:!: jection). A change in function or use will change the part of proper tense of to be 
c:r speech of a word: He read the book (noun). The police book seeing you. He was 

(verb) the thier. The book (adjective) value of the car is high. Formed by combining do, does, or did with 
_ L NAMING WOlDS _ I ".~ •. ~,." .. ~t;nf;n;·b·~'used only in the present and past tenses 

1. NOUNS. A noun names a person, place, thing, quality, does intend to enter.). 
idea, or action. form of the verb indicating the manner in 
a. Common noun. name members of a class of persons, places, or is thought or. 
things tman , state, table) . asks a question or states a fact (Are you 

~ ~ b. P~r nouns name particular persona, places or things (John going? I am going tomorrow. ). 
z: >c Adams, New York, Statue of Liberty). b. Subjundive mood indicates a desire, a possibility, regret or 
::; j::! Co Cot/edive nouns name a group as!l unit (army, crew, band). condition contrary to fact (I wish he were here. If I were a 
::1 *d d. Cone,.,. nouns name things perceived by the senses \book, member, I would certainly go.). The only common subjunctive 
;:: ~ water, house). forms of to be are the present tense be (I command that he be 
;: 0 e. ADstrod nouns name ideas or qualities (love, strength, democ· hanged.) and the past tense were (Suppose he were to ask 
f5 z: racy). Nouns can be used as ~ubjects o f verbs {Cain killed you!): both forms are used for all persons, singular and plUral. 
:i ~ AbeL); object~ of verbs (The boy hit the dog .); objects of Other verbs use indicative mood forms except in the third 
:::E~ verbals (He decided to close the show.); and objects of per30n sin~ulllr present, which merely d rops the -s ending 
ffi:E; pre~itions (She ran into the hou.e .). Nouns may also be (I come, you come, he come). These latter forms are rarely 
11.. used as predicate noun3 (This is his chance to make good.); used; instead, the auxiliary verbs (s hould, would, can, 

appO:Jitive3 (J ones, our new teocher, arrived late.). could, etc.) are used (RARE: If he wrJ'te me, I'll go. COMMON: 
If he ~hould write me, I will say good-bye.). 

:z. PRONOUNS_ A pronoun substitutes for a noun. Co Imperoliv. mood expresses a command (Finish your work , 

~:===t~e[::c~~dth;r~~~~J~~~:e~~~~ ~~e;~ please.). The imperat{ive forms are the same 8;s the p) resent 
of (third person: he, she, it, they) (see III:A; CASE). infinitive without to go, come, walk, talk, sit, etc .. 

c= b. R 1m' () I d" I I YOICE. A change in verb form to indicate whether the 
lO.l • IW piOtIOuns r. p- re ate an a JectlVe cause to ts ante- acts {active voice} or is acted upon {passive voice}. 

fn CQ cedent (who, which, that). Th. girl (antecedent) who (r.p. ) t: ~ IOld the tickets is Mary J ones. IA'ClfI'C T'" girl kissed her mother. PASSIVE: The mother was 
~ ~ Co Werrogotiv. piOtIOlIlII are used to ask a question (who, kJ'ssed by the girl. Passive forms are combinations of a form of 
~ ~ which, what). to be and the past participle. 

g ~ d. DemomfratiYe pronoUIII point out the person or thing referred _ C. .ODIfYlNG WOlDS -
C>1I1.. to (this, that, the3e, thO:Je) . I. ADJECTIVES. An adjective modifies (describes. limits, 

=
~ .. IMefWt.pronollltl imply, but do not have, a specific ante- makes more exact) a noun or pronoun {the green tree the 

cedent (each, either, one, 30meone, anyone, nobody, sixth form an apple my house tho~e boys which 
everything, nothing, etc .) . . appear close to the words they modify (the . 
f. Reflexive oad int.Miv. PIOftOIIftI combine some form of the the children , tired and hungry). 
personal pronoun with self or selves (m yself, yourselves, PreJic:ol. oJj.dw.. modify the subject of the verb after 
etc.) and are used either to emphasize (He himself will go.) or copulative verbs. (The rose smelled swee t .) . Adjec tives, not 
to reflect back to the subject (He talks to himself.). adverbs, should be used to denote the condition of the sub· 

CDII Pronouns are used as subjec t~ of verbs (He passed the course or object of a sentence (He held the rope tight.) . Do not 
21L1 easily.); object~ o f verbs (Place it on the table.); objects of misuse the following adjectives as adverbs: sure, some, real, 

II
_a. verbals (Finding them was sheer luck .); predicate pronoun3 good. (He ~urely [not sure] runs fast. The work becomes 
"'AC (This is she speaking.): appositives (Brown, he with the top- somewha t [not some] more difficult as we progress. I was 

2 
hat, arrived late.). [not reall angry. He reads well [not good). ) . 

an adjective means "in good health" (He is well.). aa - •. ASJElTlHG WOlDS _ adjective phrase, should not be used adverbially 
U2 I. YERBS. A verb expresses action (She scolded her son.) or was due to a draft. NOT: He became cold due to a 

state of being (He Wl!3 in the room.) . 

a. A frortsitiv.I wr6 needs a direct object to complete its mean- ADVERBS. An adverb modifies or describes a verb {He 
ing (The girl cui her finger (direct object).) . sang sweetly.). an adjective (the very good man), or another 
b. An ~ ver& does not need a direct object to complete adverb (He ran very quickly.). 
iu meaning (The boy ran down the stairs.). Frequently mis· Coaiundive cxlrerb. connect independent clauses (q.v.) and 
used are the intransitive verbs lie, ~it, rise and the transitive help form compound sentences (q.v.) (He is ill; never-
verbs lay, :set, raise. (WRONG: The book sets on the table. he'll be there.). (I) The 'princlpal conjundive adverb. 
RIGHT: The book ~it~ on the table.)_ I ~~"i~~::":~;:: however, nevertheless , too, hence, then, 
Co Copylatrte wn. (chiefly: be, become, appear, 3eem, tas te, I also, so, fur ther, moreover, s till, only, conse -
smeJl, sound, look, feel, grow, prove) express the relation- accordingly, etc. (2) To distinguish conjunctive 
ship between subject and complement (Her name is Mary. subordinating conjunctions (q .v.) , shift the 
The price seems cheap.), but they do not assert ac tion of the position of. the word in its sentence. If, after the shirt, the 
aubject{ "He tasted the roast." ,tasted is a transitive verb.) . sentence still makes sense, the word is a conjunctive adverb 
d. AlIXiI'ay wr6s "help" to form other verbs {He should go (~e fail.ed the course: however [conjunctive adverb] , he was 
quickly. He did arrive on time.). Chief auxiliary verbs:be,can, stili as Jo!ly as ever. He failed the course; he was still , how
do, have, may, must, oul1ht, shall, \Vill, should, would. ever, as Jolly as ever. NOTE: The following can't be shifted: 

studied until [subordinate conjunction! he fell asleep.). 
maJm., following a verb and ita dir«t object is an adverb 

;r;t ",r.~ 'to the manner of action (He held the rope til1htly.). 
may be used as either adjectives or adverbs with· 

out changing form (cheap, deep, far, quick, slow, etc.). 

3. COMPARISON OF ADJECTIVES AND ADVERBS. 
o. ComporiUln reren to the change in form or an adjective or 
adverb to indicate degrees or superiority. If there is no com
parison, the degree is po:sitive; if two are compBfed, the 
degree is comparative; if three or more, superlative. 
b. rite c:omporut;ve. (1) The comparative or one and some two
syllable adjectives and adverbs is formed by adding -er (the 
taller man he runs fa~ter). (2) With words or two or more 
syllables, use more or Ics3 (the more lor 1eul intelligent boy 
He runs more lor len] quickly.). (3) Compare only what can 

be compared. WRONG: Hi~ eye is keen as a hawk. 
: Hi3 eye i:s a3 keen a3 a hawk'". (4) Make comparisons 

clear. WRONG: I love June a3 muc h a3 Jane. RIGHT: I Jove 
June a3 much a3 I Jove Jane. OR: I love June ... s much as 
Jane doe3. (5) Use other or e/~e when comparing things in 
the same class. WRONG: He i~ smarter th ... n any man. 
I He is sm ... rter than any other man. (6) In the 

superlative, do not usc: o ther or e/.5e. WRONG: He is the 
greated of all other presidenb. RIGHTI He is the greatest 
of all presidents. 

The luper/ative of one and some two syllable adjectives 
and adverbs is formed by adding -ed (the tallest man He 
runs fastcst of all.). With words of two or more syllables, use 
the words most or lead (the most lor least] intelligent boy). 

_ O. JOINING WOlDS _ 
1. PREPOSITIONS. A preposition links (or shows the relation 
of) a noun or pronoun (the object or the preposition) to some 
other word in the sentence (He walked into the house.). Do 
not omit prepositions necessary to make meanings clear (On 
this side of the house is a tree . At eight o'clock I awoke. 
I had no hope for, or faith in, the World Congress.) . Do not 
use prepositions that fail to clarify meaning (He entered {not 
into] the room. He left about Inot at about] ten.). Learn the 
correct prepositions used in idiomatic combinations such as: 
agree to (a proposition) , agree with (a person), agree on (a 
plan) ; consist in/of: differ about/from/in/on/with; ete. 

2. CONJUNCTIONS. A conjunction connect3 words, phrases, 
or clauses in a sentence. 
a . Coordinating c:otIjundionJ (and, but, or, for, nor sometimes 
so and yet) connect words, phrase3, or clauses of equal rank 
(boys and girls across the river ... nd into the trees I like 
her, but I'd never marry her.) . Use coordinating conjunctions 
logically (WRONG: She has red hair, but she is beautiful_ 
RIGHT: She has red hair, and she is beautifu1.) . 
b. Subon/inoling COIIjundionJ (if, altho ugh, because, flince, 
unless, alter, when, while, etc.) connect subordinate clauses 
with independent clauses (I shall wait until she comes.). Use 
subordinate conjunctions exactly (The reason is th ... t Inot 
because] he is ilL). Do not use like as a conjunction (He read 
it as [not like] you said.). 

Co"elo1ive c:onjundion' are conjunctions used in pairs (both 
.•. and, either ..• or, neither •.. nor, so ••. as, 
whether . .. or, etc.). 

_ I. INrE'JEWONS. _ 
An interjection expresses sudden, strong emotion. It is not 
closely connected to other elements in the sentence (Oh, you 
don't say so? Hurrah! let's go.). 

II. GROUPS OF WORDS ____ _ 

Groups of words can perform the functions of single words. 
Such groups can be classified a3 clauses (which contain a 
subject and a verb) or phrases (which do not). A clause or 
phrase may also be classified according to its function as noun, 
adjective, or adverb. A phrase may be classified according to 
its introductory word---either a preposition or a verbal. 

_ l . PH.USU _ 

1. PREPOSITIONAL PHRASES consist of a preposition plus a 
noun or pronoun object (into the house up the tree that 
book of theirs) and function as adjectives (In "The boy in 
the house " the phrase modifies the noun boy. ) or as adverbs 
(In "He walked into the str eet" the phrase modifies the 
verb walked.). 
2. YERBAl PHRASES consistofa verbal (participle, gerund, 
or infinitive) plus a noun or pronoun object. 
a. Parlic:ipiol to,. AJj.div.} Plvale., consisting of a participle 
plus an object , function as adjectives. In "The player hitting 
tha first home-run will be rewarded." the phrase modifies 
the noun player. 
" . GerunJ (or Noun) p",.u •• J, consisting of a gerund plus 
an object, function as nouns. In "Passing exams is tough." 
the phrase is the subject of the verb is. In "He found p assing 
exams tough work." the phrase is the object of the verb. 
c_ Infini,ive {or Noun, Adjectiv., or AJver'" P"rG' .', 
consisting of an infinitive plus an object, function as nouns, 
adjectives, or adverbs. In "He likes to read books ." the noun 
phrase is the object of the verb likes. In "To write poems is 
difficult." the noun phrase is the subject of the verb is. In 
"It is time to put the plan into eHect." the adjective phrase 
modifies the noun time. In "He is sure to want more cake." 
the adverb phrase modifies the adjective sure. 

_ I. UAUSES. _ 

A clause is a group of words containing a subject and a verb 
functioning either as a sentence or as a part of a sentence -
is , as a noun, an adjective, or an adverb . 

1, INDEPENDENT (or MAIN) C;LAUSES. A clause which, com
plete in itself, can stand as a single sentence - that is, a clause 
not introduced by a subordinate conjunction. In "He plans to 
enter law, but his brother wants him to be a doctor." each 
clause is independent; each could be punctuated as a separate 
simple sentence. Independent clauses may be introduced by 
a coordinatin~ conjunction (And then he told m e toAo. ). 



2. DEPENDENT (or SUBOROINA Tf) Q..AUSE5. A clause WhICh, 
not complete in itsdf, cannot .tand as a .imple sentence; de
pending upon an independent clause, it therefore appears as 
part of a sentence (We cannot start unless we ~et money .). 
a. A Noun Clau ... May serve as the subject of a sentence 
rIn "That he is inteIliAent is clear." the clause is the sub
ject of the verb is .), as the object of a verb (In "He wrote 
that he would be hOlJ1e soon ." the clause is the object 
of the verb wrote. ) , as the object of a preposition (In 
"Begin your examination with whatever is easiest." the 
:Inuse ia the object of the preposition with. ) , as the object of 
~ verbal (In "Hoping tha t he will COlJ1 e will never get him 
hI:TC, " the doule il the object or the gerund hop;nll. ) , or 
as a predicate noun {The reason is that she is ill .}. M ost 
noun clauses begin with that, what , whatever, whoe ver, etc. 
Often the introductory word may be omitted (We thought 
'that) you should Ao .) . 
b. A,. AJjedive C/au •• modifies a noun or pronoun (In 
'The boy wllo sold the tickets ran away with the money." 
the clause modifies the noun boy .). M ost adjective clauses 
xgin with a relative pronoun (who, whose, whom, which, 
~ hat). Sometimes the clause is introduced by a preposition 
:The box in which I carried the books is very heavy .); 
Kl metimes the introduct ory relative pronoun is omitted (The 
)OOk /that l l enjoy mos t is R obinson Crusoe.). O(:(:asionally 
ldjective clauses begin with where or when ( In "This is the 
~I ace where he sa w ,"t." the clause modifies the noun p lace. ) . 
.. An Adv. rb Clause modifies a verb, an adjective, or 
mother adverb (In " He is smarter than you think he is." 
!he clause modifies the adjective smarter., In "You can work 
nore quickly than I can." the clause modifies the adverb 
quickly. ). Most adverb clauses can be recognized because 
they answer one of the rollowing questions: WHEN' She sang 
until ahe lain ted. WHERH W herever I Ao I think of you . 
WHY? I left because I lelt sick . HOW~ He walked as il he 
were drunk . HOW MUCHf Run as last as you can. 
d. CotItIilion CIaUM. An adverb clause explaining the circum-
• tances under which the meaning of the rest or the sentence 
would be true. M oat condition clauses begin with if (II y ou 
.cream, I'll run. II you can't da nce I 'll teach you.). 
e. Co,.t.UHu, Ciau ... Another kind of adverb clause usually 
!>eginning with althouAh or thouAh and stating an idea 
)pposed-but not contradictory- to the idea of th e main 
:Iause (In "AlthouAh he's intelliAent h e wastes his money." 
!he idea of the concession clause is opposed to the implications 
)f the main clause.) . 

_ C. SENrENCES AND flAGMENrS _ 
I. A SENTENCE is a group of words containing a subject and 
l verb and expressing a complete thought. According to their 
,rammatical structure, sentences may be classified as simple, 
:ompound, complex, or compound·comp/ex. 
I . A Simpl. S.,.'.nce contains only one main clause (He r ead 
Ih e book. The boys a n d girls lauAhed and played. ) . 
" A Compau,.d Se,,'ence contains t wo or more main clauses but 
10 subordinate clauses (I r ead and she w.ro te le tters. You 
mq not pass, but you should at least try.) 
'. A Comp/e. Se,,'.nce has one m ain clause and one or more 
IUbordinate clauset (II the day is c1ea.r, we'll go.). 
~. A COmpaUM-COmp!ex Sente"ce has two or more main clauses 
lnd one or more subordinate clauses (II the day is clear, 
we'll ~o and they'/J s tay home.). 
L FRAGMENTS. A fragment is a group of words which is 
punctuated as a sentence but does not contain a main clause. 
Writer fails to S~ either proper relationship between sentences 
or fails to see the depcndent nature of the fragment. Such frag
ments Ihould be avoided . The following fragmentary con· 
.tructions are often Incorrectly punctuated a ' lenlences. 
IEMEMIfR: All rour examples would be correct if written as 
single ICntences. 
~. PrepoJilionol phrases (H e 's p retty shrewd . Especially in a 
business deal.). 
b. V.rbo/plwv... ( I entered the room . Knowing I ' d find 
him there.). 
to Subon:linate clouM' (The judge let her go. Altho uAh she 
had killed thr ee m en .) . 
~. Appal;'i". (He is a snob. Th e kind 01 person I hate. ) . 
Some fragments lack subjects (W as sta.rting to go home) 
or verbs ( The man working hard and Aetting nowhere), 
or objects (I bell'eve that il teachers would j ust let me 
alone), A very sma11 number of fragments are acceptable in 
good writing: Requetf. and commands (Please Ao. Don't do 
tha t!) do not have stated subjects. Exclamation, can stand 
a lone (Ouch! What a party!). 
Subjects and verbs are often omitted in answer to questions 
( Yes. No. ) or in answer to rhetorical questions (What are the 
qualit ies of leadership? In telligen ce, co urage, imagin a
tion,). Avoid fragments in a ll other instances. 

Ill. PRO PER USAG E •• ____ _ 
_ A. CASE_ 

CaK refen to the fonn taken by a noun or pronoun to indicate 
its function in the sentence. Since nouns change only in the 
posstssive c:ase, pronouns a re the chief source of trouble. 
I. THE NOMINATIVE CASE. Includes subjects 01 verbs 
!nd predicate noun s and pronouns (1 wrote t he book. 
tt is l Iar he, she, theyJ .) . NOTE: Informal usage accepts "It 
s me (or him, her). 
L THE OBJECTIVE CASE. (0) Inc1udes o bjects 01 verbs (He 
lold u S'. He took Tom and me. W hom did you visit?) o r ob· 
iec ts o f prepositions (All of us went.) . (b) T he subject, 
)bjee t, or complement al an infinitive is in the objective 
;ase (In "Whom did you think her to be?" her is the subject of 
~o be, whom the complement. In " He worked to please her." 
Iter i3 the object of to please. ) . (c) The case ala relative pro· 
10Un is determined by its function in its own clause (In "Give 
he book to whoever wants it." whoever is the subject of 
vn n ts, not the object of to . In "The man who he says is 
:omin~ is Mr. Smith." who is the subject of i s com ing, not 
he object of says. In " The man whom I love is leaving me." 
vhom i~ the objeet or lo ve. ). (d) An appositive is in the same 
:ase as Its antecedent (We, you and 1, must study. He hit 
IS,you and me .). (e) Adve.rbial cla uses o f compar ison are 
.ften. elliptical; ir such clauses (introduced by than or as) 
ontam a pronoun, its case is whatever would be correct if the 
lause were complete (George gave Mary more than [he gavel 

me. H e is as fast as 1 Jam fastJ .). 

l. THE POSSESSIVE CASE. A noun or pronoun preceding a 
gerund ia usually in the possessive case (His singing annoys 
me. H e Objected to John's taking the job.). Occasionally , 
depending upon the emphasis in the sentence , the possessive 
is not used ( In "Imagine J ohn's taking me for a duke!" the 
emphasis is on the idea of taking. In " Imagine J ohn t aking 
me for a duke!" the emphasis is on J ohn. ). It is best not to 
use the possessive case with inanimate obj ects (WRONG: the 
wall's color, the lIo u se's ce1lar RIGHT; the color of t'h e 
wa1l, th e cellar o f the house ). Usage allows exceptions to 
this rule: day's work, an hour' s tim e, a dollar' s worth , 
boa t 's len i!, th, etc. Common pronouns whose form changes 
wi th case tire o. follow.: Nomlnollv. (I, you, he, al>e, i t , we, 
t hey, who ), Objec:tlva (me, you, him, her, it, us, them, 
whom ), POllelli". (my, your, his, h er, i ts, our, their, 
whose). 

_ • • PRONOUN AGREEMENr _ 
All pro nouns must agree with their antecedents in person , 
number , gender . 
1. SINGULAR PRONOUNS rerer to singular antecedents 
among which are included each, ./tnyone , anybody, some· 
one, somebody, e tc. (Each of the boys did his work well.) 

2. TWO OR MORE ANTECEDENTS joined by either . . . o r 
or neither ... n or are referred to by n singular pronoun ir 
both anteeedentl are singular (Neither Joe nor Jim will wear 
his uniform .) or by a plural pronoun if both antecedents are 
plural (Neither the gir ls nor the boys wore their uniforms.). 
I£ one antecedent is singular and the other plural, the pronoun 
agrees with t he nearer (Neither Mr. Smith nor his worke.rs 
knew of their danger .). 

3. COLLECTIVE NOUNS, Use either singular or plural pro
nouns with collective nouns, depending on the sense of the 
sentence (In "The crowd does its best" both the verb does 
and the pronoun its show that crowd is considered a unit. 
In "The family do their work well." the verb do and the pro
noun tll e ir show that family is considered as individuals .). 

4, INDEFINITE PRONOUN. When an indefinite pronoun (e .g. 
everybody) refers to men and women. avoid the awkward hia 
o r h er and use t he masculine form (Everybody took his hat.) . 

_ C. 1I0NOUN IEIERENCE _ 
1. Make every pronoun refer unmistakably to a specific ante
cedent. 2. Place all pronouns as close as possible to antecMents. 
3. Avoid vague reference to more than one antecedent. (VAGUE: 
George told J ohn that lie could n't play in Saturday's game. 
CLEAR: Oeo.rAe said, "John, you [11 won't play in Satur
day's Aome."). 4. Avoid reference to a subordinate construc
tion (WRONG: In Galsworthy's play lie deals with an explosive 
theme. RIGHTI In his play, Oalsworthy deals with an 
explosive theme. ) . 5. Avoid reference to an antecedent 
merely implied ( In "I'm going to study law; they make good 
money" they refers to the implied antecedent lawyers. 
CORREal I ' m going to s tudy Jaw; lawyers make Aood 
money.). 6. Usually it is best to avoid using this, which, and 
that to refer to t he general idea of a clause or sen tence (In 
"He spent many hours at his easel, which helped him earn a 
living ." which has no specific antecedent. CORREa: He added 
to his income by selJinA h is paintin~s.). 7. Avoid indefinite 
use of it , they, you (In " It tells about the Korean War in this 
book." it has no antecedent. CORREal This book tells about 
the K orean War." In "They all eat caviar in Russia." they 
has no antecedent . CORRECT: All R ussians eat covia.r. In 
"Fighting a war does take a lot out of yo u." you haa no 
antecedent. CORRECTI Fi~h tin~ a war does take a lot out 
o f a man .). NOTE: Careful use of the indefinite we is al lowable 
(Wh eneve.r we r ead Shakespeare we'.re impressed by his 
genius.). 8. One (followed by he) is usually better than the 
indefinite you (One Inotyou! should always be brave.). 9. The 
indefinite it is permissible in some idioms, such as it s eem s, 
it is warm , it's raininA, etc. 

_ D. SUllEcr-VEII AGREEMENr _ 
1. A verb must agree with its subject in number: a singular 
subject takes a singular verb (He plays well. ) ; a plural subject 
takes a plUral verb ( They play well. ) . 2. Do not confuse the 
subject with words that appear between subject and verb. 
(WRONG: The aim of all his efforts were to gain peace. 
CORRECTI The aim of a ll his efforts was to gain peace." H ere 
the verb was correctly agrees with its subject aim, not with 
eHor ts. ). 3. Two or more subjects connected by and take a 
plural verb (Apples, pears, and oranges are good for one.). 
4. Indefinite pronouns are singular and must take singular verbs: 
(Nobody dashes down the street. No one acts better than she.) 
5, If two singular subjects are connected by either . .. or 
or neither ... nor the verb is singular (Either Joe or Jim is 
going to go.); if both subjects ar e plural, the verb is plural 
(Neither the eities nor the towns wish to impose taxes.); if 
one s ubject is sin gula.r, the other plural, the verb agrees 
with the nearer (Neither M ary nor her friends a re planning to 
go. N either the girls nor Mary is planning to go.) . 6. The 
subjects of sentences beginning with there is [are! always 
lollow the verb (There are twenty people in the room. 
There is an old ma n .) . 7, Some nouns, plural in form (physics , 
mathematics, mumps, news, politics, etc. ) , take singular 
verbs (The news is horrifying.). 8. Learn to distinguish the 
singular and plural forms of certain words borrowed from 
Greek and Latin. (Singular: memorandum, datum, thesis, 
alumnus, etc. Plural: memoranda, data, theses, alum ni, 
etc.) , 9. A collective noun takes a singular verb when the 
group is considered a unit (The crowd was shouting) , a plural 
verb when the members of the group are thought of separately 
(The crowd were tossinA their hats into the air_). 10. A verb 
following a relative pronoun used as a subject is either plural 
or singular according to the antecedent of the pronoun (It is 
Iwho am speaking. It is they whoarespeaking. ) 11 . A verb 
never agrees with a predicate noun (H is chief goal is peace and 
prosperity. Peace and prosperity are his chief goaL) . 12. Words 
and expressions like as well as, toge ther with, accompanied 
by, etc. do not change the number of the subject (joe, together 
with his father, is ~oinA hunting.) 13. Quantities and lums 
take a singular verb when they express a single idea. ( Thi.rty· 
s ix inches is one yard, Six llnd two makes eiAh t . Ten 
dollars is too hiAh a p rice. ) . 14. Fractions take singular 
verbs if followed by singular objects (Three.fifths or the bottle 
is empty.) . plural verbs if followed by plural objects (Three
fifths of the bottles are empty. ), 

_ L 'OSmON 01 IItODI1IEIS _ 
1. Every modirying word, phrase , or clause should be clearly 
and logically connected with the word it mOdifies. 
2. Be careful of words such as only, hardly, almost. etc.; :€8 
the position or su(:h words can change the meaning of a sen- ~! 
tence (Only he can row a boat. He only can row a boat.). n= 
3, Verbals, verbal phrases , prepo,itional phrases, and elliptical ~ ~ 
clauses , especially if they are introductory, should not be ~;;: 
allowed to dangle; that is, they must logically agree with ;:5 
the words they modify. (In " To read well, &ood light is ~; 
needed." the infinitive illogically modifies light . CORREa: To ~~ 
r ead well, one n eeds a Aood }iAht . In " Approachin8 the 
n1ounf,"'n_, the t reel wo;:ro;: 15een. " the participial phrase 
illogically modifies trees. CORREa, Approaching the moun
tains, we saw tile trees. In " After fixing the carburetor , 
the motor will start again. " the prepositional phrase illogically 

~:;~~ ~:t:~ t~~~R:~~~f~e~,~~~~ ~~~:~:~~;e~~::;; :g 
grandfather took me to the circus ." the elliptical c lause ~~ 
illogically modifies Arandfather. CORRECT: My Ilrandlather en .... 
took m e to the circus when I was lo ur years old. ) . ~; 

4. Not only introductory phrases and clauses (:an be misplaced ~ .... 
(WRONG: My uncle's fint daughter was born at the ./tAe of 6"' 
thirty·five. CORRECT: When my uncle was thirty·five his 
firs t daullhte r was born. 
5. Avoid squint ing modifiers; i.e., modifiers which may refer 
to either of two members of a sentence. (WRONG: The student 
who works hard, in nin e cases o ut o f ten, deserves praise. 
CORRECT: In nine cases out 01 ten, the s tudent who C'lI ;IIt 

works hard d eser ves praise. OR, The student who ~ ~ 
wo.rks hard deserl'es p raise in nine cases o ut 01 ten, ~:e 

_ f. PARALLElISM _ ~ ~ 

1. TWO OR MORE COORDINATE IDEAS Ihould be expreued CI '" 

in parallel form; t hat is, one ahould avoid unnecessarily mixing ~ ~ 
clauses and phrases, infinitive. and gerunds, etc . c: c;;: 
o. Porollel verboJl! He likes walkinA and swimming. H e was ~ ~ 
ordered to r eport to the captain and to hand in his credentials. .... .... 
h. Porollel prepositional phrows: The Marines are noted lo.r their n::z::: 
cour aAe and l o.r thei.r loyalty. !=; Vi 
c. Parall. 1 clallMI! Mary told him th a t she doubted his 
mo tives, that s h e mistrusted his opinions, and that ahe 
disliked the color of hilJ eyes. 
2. CORRELATIVE CONJUNCTIONS should be followed by 
paralleleiements. (She wal neither a borrower no.ra/ender.) S =: 
3. Each element of a parallel construction should be properly 3C ~ 
connected to the rest of the sentence (WRONG: H e believea and i ~ 
defends democracy. RIGHT, He believes in and defends democ- CI 3C 
racy . WRONG: I have and always will be your friend, RIGHT: .~ ~ 
I havtl b een and always will btl your friend.). ;;:::-: 
4. Do not use an and which or and who clause except after ~ ~ 
a preceding which or who clause . (WRONG: She is a woman :- ~ 
of beauty and who is very rich. RIGHT, She is a woman who z: .... 
is beautilul and who is rich.) . ~ ~ 

_ G. POINT Of VIEW _ ~ c: 

I. Avoid needless shifta in point of view, 2. Avoid unnecessary 3C g 
shifting of subject or voice(WEAK:The children rushed [active ~ ~ 
voice! into the house and dinner was eaten [passive voiceJ . 
BETTER: The ch ildren .rushed [activeJ into the house and 
ate [active! dinner.}. 
3. Avoid unnecessary Ihifting of (0) penon (WRONG, One 
should work hard if you expect to get ahead . RIGHT: Dna ~ ~ 
should work hard if h e expects to get ahead.) ; (b) number 7 E 
~;;eR~I~~!~! sf~~e ~~ ~e~~.g ~~':.;/:eo:u~:i~~~~~~ ~~~I::: !?: 
~~:~~; J;~~'~~I!;r!~~:I:!g[~;. ~~ ~:~'~~J~hr;;~i: ~ g 
spread [indicativeJ it. RIGHT, Fint mix [imperat ive] the glue .:. ~ 
and then .pread [imperative] it.); (d) tenn (WRONG: The bull ~ C'lI 

crashed Ipast! through the fence and then comes Ipresent1 !:: ~ 
charging up to me . RIGHT: The bull c .rashed [pastl ••. and then ~ ~ 
came [past! .... ). il ~ 
4, Tenses should be used in logical sequence . Usually the verb co z: 
in the main clause determines the verb·ronn of lubordinate 
clauses, e.g. if the m ain daule verb ia past, the subordinate 
clause ia past (H e lain ted when he saw us yesterday .). 
5, When statements are permanently true, however, the prea-
ent tense is preferred (Shake.peare portrays Hamlet very 'U 

subtly.). Be careful to use the present tenle in permanently '" • 
true statements occurring in subordinate clauses which rollow £ ~ 
verbs in the paat tense (He said that Shakespeare is our ;" c: 
greatest dramatist.). g ~ 
6. Infinitives should be in the present tenle unle" they apeak ~,:.. 
of action earlier than that of t he main verb (WRONG> I in- :z: ~ 
tended to have gone . RIGHT, 1 intended to Ao.) . ~ ~ 

7. P ast participles state action earlier than that of main verb . ;i: ~ 
8, Present . participles expres. action parallel in time to that of 0:::: C; 
the m ain verb (WRONG: He is old, beinA born in 1875. RIGHT: ~ 
H e is old , h aving been born in 1875.) . 

IV. MI5CElLANEOUS ____ _ 

_ A. spur CONSTRUCTION _ 

I , Do not aimlessly split verb phrases (WEAK: She has,although 
it's hard to believe, been buyin~ yachts at the rate of two a 
year. BETTER: Al though it's hard to believe, she has been 
buying . ... 
2. Avoid a imlessly separating (a) . ubiect and verb (WEAK: She, 
despite my warnings to be careful, leU over the cliff. BmER 
Despite my warnings ... , she lell .. .. ); (b) " e rb and objec:t 
(WEAK: He grasped, in a frenzy of anticipation , his lost chIld. 
BETTER: In a frenzy of ... , he A.rasped ...• ): (e) preposition 
and object (WEAK: He came to, though I don't thmk he had 
an invitation , the party. BETTER: Though I don't think . • . , 
he came to the par ty. ). 
3. Avoid spli t infinitives , unless the split construction is clear 
and natural (WEAK: She told us to no matter what happened 
visit her. BmER: She told us to visit her no matter ... . ). 

_ I . DOUI1E NEGATIVES _ 
1. Double negatives are considered to cancel each other ("It 
don't make no difference ." means "It makes a difference.") 
2. In addition to no and n ot, words like but, nor , only, 
hardly, except, sca rcely , merely, just, almos t, ever , 
q uite, and nearly are "negative." lWRONG: I can't hardly 
breathe. She isn' t but sixteen years old. I haven't lCarcely 
the time. RIGHT, can hardly breathe. She is but ~ixteen. 
1 scarcely have the time .). Double negatives like not 
unnecessary , no t u nal'oidable, etc, are acceptable. 
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A, USE THE APOSTROPHE 

I • 
• .. 

u 
0-
:.; Possessives 
g~ 0 To form possessives. boy's hili boyt hals 

CL b661 "esl Philip's books 
lontlS's coat Jones,l coals 

Contractions 
~ To indicate omission of letters in a contraction 
and numbers in a date. il'S(il is) 
who's{who is) ml'g CldJl 0/ '74 

~w 
~ g; Plural of symbols 
e ~ ~ To form with J the plural of letters, signs, 
15 ~ symbols, numbers. and abbreviations. 
~~ SpIll SplnsH with two "s's." 
c t= 8's in th, '40's P.O. W.'s 
~=> g; ~ Plural of words 

a To form the plural of a word referred to with· 
out regard to its meaning. There aI" four 
"lInJ's" i" 101lr closing senlence. NOTE: If 
there is a meaning conneCted to the word. use 
the standard plural forms. There ar8 five "fivel' 

~:it in Iw.nly-fiv •• 
~~ 
~:l B. USE THE BRACKETS 
lili: 
~ ~ Clarifying insertions 
~ ~ D To enclose a clarifying insertion or correction 
5 \,0; by anyone other than the original writer. 11 
I:> was Ihis book ["Th. Literalur. 0/ Busines/'] 

which h. r.commended. 
Parenthetical elements 

8 To enclose a parenthetical element already 
a:: within parentheses. Se1l"al oflhos. essays are 
~~ included in Loomis lind Clllrk's book. (See Iheir 
:! e "Modnn English Readings" [51h ed.].) 

;;;j eel Directians 
~ ~ ~ To enclose expressions thac give directions at 
z Z the beginning and end of chapters and artides. 
!:ii; [Tab. COntil1U.d] 
I ~ Corrections 
~ 2; a To correct a mistake. Edmund Spencer 

[Sp.n",,) was an English poet. 

IS 
lil~ 
;!1!1 ., .. 

Phonetics 
o To enclose phonetic transcription. 
sobriqull [so'b,i ka'] 

C, USE THE COLON 

Introducing statements "'=> 
1§ ~ D Alter a complete statement introducing either 
C)o~ a formal or a long quotation, statement, or ques-= tionA The President began his lalk wilh these 

words: "/I is II pleasure 10 b. here lonighl." 
NOTE: The colon is not used before a long in
direct quotation. The Pr.sidenl in his reporl 
stlia Ihallhe ... 

_I Introducing listings 
21 ~ After a complete statement introducing a list
ie ing. Words such as Ihes., Ihe jollowing, aI fol
~IL lows, etc., are usually employed. He visilea Ih. 
~O following cili.s: Paris, London, and Rom.. The 
u2 .xercise is til · follo ws: hop, skip, then turn ana 

jump. NOTE: Do not use the colon when a 
verb precedes the lining (The supply box con
laim shoes, iackel1, blankels, and gloves.) or when 
another sentence follows the . state-
ment (You are required 10 Ihe . 
courses. You wiJi find il advanlageous 10 so 
early in your career. French .Algebra English 
Hislor,). 

Introducing additional material 
~ After a word · or phrase which serves as a 
means of introducing additional material. 
Verbs: Prom Mr. Smilh's report: 
For sal.: O •• p.ir of binocul.rs 

Explanations 
e After a statement followed by a closely re
lated explanation or illuscration. The newspaper 
J";8$ Jo S",,8 in " Joubl8 eaPlJe;t'j: 11,4 fr;8"J of 
aU Ihal is good ana Ihe foe of aU Ihal is 61Iil . 

Salutations 
o After the salutation in a business lener. 
Gentlemen: Dear Mr. Brown: Sir: 

Divisions of plays 
rn Between the act and the scene of a play. 
Enobtlrbu/s famous speeeh is in "Anlony ana 
CJ.optllra," 11:2. 

Divisions of the Bible 
~ Between the chapter and verse in Biblical 
passages. John 3:16 

Book titles, subtitles 
m Between the tide of a book and its subtitle. 
"Dr. Quicksi/1Ier: The Life 0/ Charlel Lev.r" 

References, footnotes 
~ Between the place of publication and (he 
publisher's name in footnotes and bibliographical 
references. Richards, 1. A. "Principles of Lil
erary Crilicism" New York: Harcourl, 1964. 
NOTE: The comma may be used after each 
unit in ·the reference. Richtlrds, I. A., "Principles 
0/ Lilerary Criticism," New York, Harcourl, 1964. 

Hours, ratios 
[[!] Between hours; between the parts of numer
ical ratios, 4:30 p,m. ...b 3:2 

0, USE THE COMMA 

Explanatory elements 
D To set off explanatory words and phrases. 
On Ma, 16, 'Juesday, Ihe conlract wiJJ be signed. 
Einslein, Ihe physicist, was presenl. Mr. Taylor, 
who is our lawyer, affived lale. NOTE: Do not 
separate closely connected (essential) expressions. 
(TEST: The meaning of the sentence is changed 
when an essential element is omitted.) The ph'j
siciJl Einslein was present. The man who is our 
I"",y" .";.ea 1./1. 

Parenthetical elements 
~ To set olf words and phrases such as firsl, 
also, well, furlhermore, Iherefore, 10 begin Wilh, 
in addilion, when they are used parenthetically. 
To begin Wilh, lei us examine Ihe facls. Th. 
sil1l4lion, howeflBf', is sliJi critical. NOTE: Do 
not use a comma when the expression is essen· 
tial to the meaning of the sentence. We shall 
succeed however crilical Ihe siltllliion. 11 is firsl 
fUJCBl1ar'j 10 examine Ih. facls. 

Introductory phrases 
~ After a long introductory adverbial phrase. 
By Ih •• na of Augusl or Ih. fi,sl of S,pl.mb", 
we shall visil Paris. 
EEl To set off inuoductory and non-essential in
linitive phrases. To tlrri fle on lim., leave III six. 
The suil should have been cleaned, 10 look pre
senlable. NOTE: Do not set olf essential ele-
ments. 11 is an honor 10 be chosen chairman. 
o To set olf inuoductory and noo-essential parti
cipial phrases. Seeing him falJ, we ran to his 
side. Our leam, playing skiJJfuJJy, won Ihe 
game. NOTE: Do not set off essemial elemeocs. 
Four of Ihe players felurning by car were in lin 
accidenl. 

Independent clauses, coni unctions 
rn Before coordinating conjunctions (ana, or, 
1Ior, bul, for) joining cwo independent clauses. 
Th.'j lefl N.w York on Friday nighl, and Ihe'j 
arrived here on T uesaay aflernoon. If the clauses 
are very short, omit the comma. l 'U scrape bUI 
'jou painl. NOTE: Do DOt separate (a) com· 
pound predicates (They /.fl New York on Frida, 
nighl and arrived on Tuesday aflernoon.), (b) 
compound subjects (Th4 shingles all Ihtl roof 
IIna Ihe Screens on Ihe porch are 10 be repaired.) , 
(c) compound objects of prepositions (I can 
pUllhe peg in eilher Ihe sqtlllre hole or Ihe round 
hoI.,), 

Subordinate clauses 
~ To set off a subordinate clause that precedes 
the main clause. Unless we raise adaitional ClIP;' 
l td, w. tllntUJI Sldf' . 
m To set off a subordinate clause that follows 
the main clause if it is not essential to the mean
ing of the sentence. W B shall sign Ihe conlrlUl, 
even if ;1 is only a formlZlily. NOTE: Do not 
separate essential clauses. We (;IZnnOI slarS un
le11 WI raise adailional capilal. 

Contrasting elements 
(;;] Between interdependent contrasting expres
sions. The sooner we lea1le, sh. sooner we shall 
relurn. 

Series of items 
[[!] After each unit in a series of three or more 
items when the last member is preceded by a 
coordinate conjunaion. In a series of twO items, 
omie the commas. Por lunch we had ham ana 
egCs, bread and buller, and milk. Iiold her IhtIJ 
I'd arrive on Frida'j, lalk 10 Ihe group for an hour, 
bUI leave immedialelYlhereafter. 1 laugh, 1 run, 
lind I leap. NOTE: When the coordinate con
junction is repeated with each unit, omit the 
comma. We hlWe II surplus 0/ sall llna sugar 
and lea. 

Identical words 
rn Between two identical words. 
"Whalever is, is righl." - Pope 

Adjectives 
~ Between coordinate adjectives modifying the 
same noun. (If ana can be placed between the 
adjectives without changing the meaning of the 
sentence, they are coordinate.) She replied in II 
so/l, low voice. NOTE: Do not separate non· 
coordinate adjectives. He wore a brown cordu· 
roy shirl. 

Coordinate phrases 
[E) Between coordinate phrases modifying the 
same noun. The working hours lire shorler, 
Ihough lelI corlVenienl, than Ihole in similar 
firms. He was as h,aflY aI, Ihough lall" Ihan, 
his brolher. 

Direct address 
~ To set off names and words in direct address. 
JIm sorry, Mr. Smilh, we're oul of Slack. 
Yes, sir, I'll ao il. 

Quotations 
~ To set off the explanatory part of a direct 
quotation. "WiJ!lhe CIlmpaign," he asked, "be· 
gin next week?" The nole said, "Class is re· 
ceuea./I NOTE: Indirect quotations require no 
commas. Thl noll said thai class was recessed. 

Omitted words 
lrn To indicate the omission of an obvious word 
or phrase. Th(J firsl Ihol was good; Ih. second, 
poor; Ihe Ihird, excellenl. 
Sam. men arB slrong; mOSI, weak. 

Series of numbers 
[6 Between two adjacent numbers and between 
a series of numbers to indicate that they are not 
consecutive. In 1952, 169 people ioined our 
fi,m, Read PI>. 20, 23, 25·27, ana 29, 

Names and titles 
~ After a proper name when a ticie or its ab
breviation follows. J. Brown, D.D.s. 
Philip Simms, ProfelIor 01 Engli.rh 
Roberl Holmes, Esquire Dala-Guiae, Inc. 

With "of" 
lID Before of when given with a residence. MI'. 
Htlrold Nevins, 01 Dallas, Texas; 

Addresses and dates 
&!l Afrer each unit in a date or address. On 
Tuesday, December I, 1963, Ihe ledse expired. 
They wiJi move 10 45 Lake Drive, Newark, New 
j erse'j, nexl monlh. 

With parentheses 
~ After the dosing parenthesis jf the sentence 
structure, such as separating elements in a series, 
requires it. Perhaps we should decid. 10 ler1l. 
cakes, i" cream (prefer.bly brick), ana cofiee, 



E. USE THE DASH 

Summarizing statements 
D Before a summarizing statement beginning 
with words such as these or all. Newark, Cam
den, and T 1'enton-these are the cities he will 
flisil in New Jersey. Friends, neighbors, rela
tives-tSll attended the homecoming. 

Repeated elements 
~ To ~mpha.si~ tepeated expressions. HI i.s 
Ihe man-the man Ihe people want. 

Introductory elements 
IS] Afeer an imroductory word or phrase implied 
before each of the listed items. Use your Data
Guide-Io sludy, 10 refljew, 10 memorize. 

Defining elements 
e Before a defining complememary comment. 
He rightly beliefles Ihal Ieidom are Ihe Iwo lacul
ties lound in anyone pe1'son-the crealifle and 
the crilical. 

Appositive elements 
o To emphasize appositive expressions in a sen
tence that has other internal punctuation. 'The 
English COnItituJion--that indescribable entity-
is a living thingl growing with the growth 01 
men . .. . 11 -St1'achey 

Authors and t itles rn Before the name of an author or title of a 
book that has been directly quoted (see 5). 

Changes in thought 
a To indicate an abrupt change in thought or 
in sentence structure. He told me-but perhaps 
1 shouldn't 1'eport it so soon-that ever'Ything may 
be put up al auction. 1/ you should changs 'Your 
mind-but don'tl-let me know at once.· 

With lito" 
m In place of to between dates, numbers, and 
comrund proper names. He lived in New 
Yor , 1950-1951 . Philip Roe, Au,hor, 1899-
Read page! 25-44. The New York-Bos'on ex
press is on T1'ack 7. 

Omitted letters 
rn To indicate missing letters in confidential 
correspondence. This message is lor Mr. B-. 

F. USE THE EXCLAMATION POINT 

Strong emotion 
D To indicate srrong emotion or great surprise. 
"Never!" he shouted. Whatl You were the onel 

Amusement 
8 To indicate sarcasm or amusement. Look at 
the big he·man! Thars II good one! 

Commands 
~ To indicate a command or emphasize a deci
sive point of view. Return to your 1'oom at once! 
The matler is closed! 

Irony 
~ In parentheses, after a word or phrase, to in
dicate an ironical remark. This is an example 
01 'YOUI' best(!) w1'iting. 

G. USE THE PARENTHESIS 

Explanatory elements 
D Around explanatory, non-essential material 
used within a semence. The exchange student is 
Irom Thailand (formerl'Y Siam). The numbe1' 
01 applications was 34 (or was it 37?). 

Clarifying insertions 
E:J To enclose references, directions, and sources 
of informacion. The quolalion (page 64) is 
Irom Thoreau's' "Walden.1I Employment in in
dUrlry har risen by 15% (U.S. Dept. 01 Labor). 

Subdivisions 
ESJ Around numbers or letters indicating listings 
or divisions within a sentence. He offered Ihree 
rellJons lor leaving the city: (a) his chance to earn 
a higher salary, (b) his· preference lor a warm 
climate, (c) his desire to own a home. 

Translat ions 
r£! To enclose a translation of a foreign word, 
phrase, or statement. nec amor nec tUISis celatur 
(ne;lher love nor a cough can be hidden) 

Repeated Figures 
o Around figures repeated to insure accuracy. 

The money order is lor thirty-five dollars ($35). 

H. USE THE PERIOD 

Sentences 
D At the end of all declarative and imperative 
sentences. There will be II sale 01 dresses toda'Y. 
Come as soon aJ you can. 

Outlines 
8 After a number or letter indicating division 
in an oudine. A. Traffic control 

1. Roads 

NOTE: Omit the petiod when the letter or num
ber is enclosed in parentheses. Omit the period 
after Roman numerals when they are not used in 
an outline. Volume 11 Edward IV 

Ineomplete sentences 
151 To indicate 'omitted matter. When the omit
ted mauer is within the sentence, use three peri
ods; when it is at the end of the sentence, use 
four periods. " ... they contain eXlJmplss for the 
student 01 creatifJe writing . •. a beautilully bound 
book which J01lers 0/ splendid editions will want 
10 have . .. /' 

Headings and titles 
~ After a heading or tide only when It 1S on 
the same line as the subject maner. T1'a/fic Con
trol. This problem has long been a .... 

Abbreviations o With initials and abbreviations. Ph.D. 
C.P.A. p.m. Y.M.C.A. N.A.M. C.O.D. 
I.o.b. I,. Sep'. NOTE: Omi, the period 
with technical symbols (log NaCl)" 89vern
mental departments (FHA. FCC), labor 
unions (CIO), contractions (sec'y mfg); 
money in dollar denominations ($20), abbre
viated forms of words in general use (memo), 
o,dinals (5,h). radio stations (WKXB). 

I. USE THE OUESTION MARK 

Questions 
D After every direct quesdon. How mdny tire 
coming tonight? 

~ After a short direct question following a 
statement. You will do it, won't you? NOTE: 
The question mark is not used after the follow
ing : an indirect question (He asked whtJI the 
message was.), a polite request (Will you ask 
Miu Kent 10 enter.), a rhetorical question (one 
not requiring an answer) (Bul thars rather 
obvious, isn't it.). 

Doubt 
~WithiQ parentheses after a word, phrase, or 
dare for indicating doubt of its accuracy or for 
indicating irony. 
Geoffrey Chaucer, 1340(?)-1400 
She 'old us she had bought a valuable(?) ,ing. 

J. USE THE QUOTATION MARKS 

Quotations 
D To enclose a direct quotation. "Your ap
pointment is lor Monday," she told me. "How 
are 'You?/I he said. NOTE: Do not use quotes 
with indirect quotations (He said he lelt fi-ne and 
would rsturn to work soon.) and quoted 
thoughts (I 1'emindea m'Yself: This letter must 
be mailed toda'Y.). 

Partial quotations 
~ When the exact words of the speaker are re
peated in a sentence. He remarked that he would 
aIJend the meeling only il we "gel rid 01 'he 
time·wasters." 

Quoted poetry 
~ At the beginning of each stanza and at the 
end of the bnal stanza when quoting poetry. 

Quoted paragraphs 
a At the beginning and end of a quoted pata
graph or group of sentences. When the quotation 
torals several paragraphs, use quotes only at the 
beginning of each paragraph and at the end of 
the final one. 

Quoted quotations o Fot a quotation within a quotation (single 
quotes). "1 wish 1 could remember/I he added, 
"whoever it was who said 'PrdCt;ce makes 
per/ect.' " 

Names and titles m To indicate the names of ships. trains, etc., 
the titles of publications. articles. stories. poems, ~" 
musical pieces, works of art, plays, and the specific ~5 
tides of divisions in books. u.s.s. "Wasp" the ,,!!: 

"Pacemaker" The article appeared in ''Th~fat. =_;_.g 
urday Review." He read FraIl's "MefJ6ing ~ ,_ 
Wail." They played ,h. "New World Sym- ~~ 
phony." S,udy all 01 Chap'er IV, "The Art 01 
Living." NOTE: Divisions in books, reportS, 
etc., referred to wi thout specific ~ir1es, are capital-
ized only. Reier to the Append,x. 

Slang words 
H Around slang words and provincialisms. 
There "aint" much sense 10 that. He wenl to 
Hot Springs lor the "cure." 

Teehnical words m Around technical words used in non·technical 
material. He began working with "Cra/Jint." 

Defined words 
ID Around a defined wotd or phrase. "Flush" 
in pla'Ying cards means a hand all 01 ,!ne suil,' 
"flush" in prinli.ng indicateJ no indentatIon. 

Emphasized words 
II!] Around a word referred to without regard 
to its meaning. "And" is UIed 100 ojlen in 
your letter. 

m Around an emphasized word or phrase. 
Did he mean to sa'Y "possibly" or "probably"? 
Please gifle me the "Handle with care!" parcels. 

With identify ing words 
(Ig Around expressions that follow words such 
as signed, marked, stamped, known as, etc. He 
received a letter that was signed "An Admi1'e1'." 
NOTE: Place the colon and the semicolon out
side the quotation marks; the comma and the 
period, inside. Place the question mark and the 
exclamation peine inside the quotes when they 
relate to the quoted extract; . if they relate to the 
entire seneence, place them outside the quotation 
marks. 

K. USE THE SEMICOLON 

Independent clauses I conjunctions 
o Between independent clauses not joined by 
a coordinating conjunction. Mr. Young can't 
give us an ansW61' today,' he hopeJ 10 tell liS by 
the weekend. 

~ Before a coordinating conjunction JOlOmg 
two independent clauses when one clause (or 
both clauses) has imernal punctuation. Con
sidered individually, these savings 1'epresem onl, 
a small amounl 01 money; but tllken as a whole 
lor an entire monlh, Ihey represent several hun
dred dol/ars. 

Series of clauses 
~ After each clause in a series of three or more 
independent clauses when they are long or when 
one (or more) has internal punctuation. ''The 
clock has just struck Iwo,. the expiring taper rises 
and sinks in the sockel,. the watchman forgets his 
hour in slumberj the laborious and happy are at 
fest,' and nothing wakes but meditation, guilt, 
revelr'Y, and despair." -Goldsmith 

Coniunctive adverbs 
~ Before conjunctive adverbs such as therelore, 
however, nevertheless, etc., connecting two inde
pendent clauses. The company is expanding its 
lacilities; consequently, Ihe price 01 ;ts ilems will 
be reduced. Your request will have 10 be referred 
to the manager,' hence no decision has been 
1'eached. 

Listings 
m Between elements in a listing when there are 
commas within the elements. The preside",s 01 
the Ih ree competing companies are Rogers, 01 
American Brau,' Bllrl, 0/ Uniled ProducJ;,' and 
Simms, 0/ Acme. 

Explanatory elements 
rn Befote expressions such as namety, for ex
ample, and for instance when they precede a 
listing. Three 01 the members were appoinled 
to serve as delegates,· namely, Mr. WatlIl MI'. 
Rober's, and M,. Lewis. 

References 
H Between separate references to several parts 
of the same work. "Hamlel" 1:1,2,'IV:3,5 



AUTHOR: Professor Roger M. Janes, Northwestern U. 

A . DIVIDING WORDS 

1. DIVIDE WORDS BETWEEN SYLLABLES ONLY. 
2. WORDS OF ONE SYLLABLE must not be divided. 
.e4rch .eerched 
3. WORDS OF FIVE OR FEWER LETTERS must not be 
divided even when more than one syllable. idea NOTE: 
One letter must not precede or follow a hyphen. abroad 

D ~ 4. A VOWEL FORMING A SEPARATE SYLLABLE must 
_~ I>< writt.n I><fo<o the hyph.n_ "pa-,,'. 
.JCD 5. TWO ONE-VOWEL SYLLABLES that come together 
04: may be divided. medi-4tor Ructu-ation 
CD"'" 6. TWO-LETTER SYLLABLES must not be carried on to 

a. the following line. likely taller 
7. TWO-LETTER PREFIXES may be separated from the 
root. re-flect 
8. TWO-LETTER SYLLABLES THAT ARE NOT PREFIXES 
must not be separated from the rest of the word. ~elec t 

9. DOUBLE CONSONANTS ENDING ROOT WORDS 
may be divided after the second consonant. spell-in/l 

~ ~ 10. DOUBLE CONSONANTS NOT ENDING ROOT WORDS 
~:5 may be divided between consonants. permit-ted 
~ ~ 11. PREFIX OF THREE OR MORE LEnUS may be sepa
~!iii!: rated from the letters that follow. trilns -continental 

'"' 12. SUFFIX OF THREE OR MORE LETTERS may be sepa
~ ~ rated from the preceding letters. manlJ/le-lJble deduct
Q i= ible multi-tude NOTE: Divide after an a or i that 
t:::l g begins the suffix when it is sounded with the preceding 
e; ~ syllable. capa-ble intan/li-ble 

13. DO NOT DIVIDE proper names, titles with proper 
names, abbreviations, contractions, and numbers. 

B. CAPITALIZING 

1. CAPITALIZE THE FIRST WORD OF-
5.n'enn. 

(a) Every sentence and groups of words used as a sen
tence. TomoTl"ow i~ another day. No need to /lo. 

Quolotion. 
(.) A direct quotation. Mr. HlJyes repb"ed, "Cer
tainly J wil1 do it," and then sat down. 

(c) Each line of poetry. -1'00"" 
"Men must be tau/lh t lU if you tau/lht them not, 
And thin/ls unknown propos'd as thin /ls for/lot." 

-Pope 
Stoteme",.loIlowing colon 

(d) A long formal statem~nt following a colon. My su/l
Ae~tion is thi~: We should appoint a live-member 
committee which will have the power to . 

Udings 
(.) Each part of a listing when complete sentences fol
low a formal introduction. He offered three reasons 
for leavin/l New York: (1) He had been offered a 
better job. (2) He could earn a hi/lher salary. (3) He 
liked the country. Ollf/in., 
(I) Each separate item in an outline. 

Question, 
(II) An independent question within a sentence. These 
fi/lures (Can you read them?) require close study. 
NOTE: If the question is mor~ closdy connected to the 
main thought, use the dash and do not capitalize. 

"She had 
A heart- how shlJll I ~ay?-too soon made /llad," 

-Browning 
ffi Quo'ed ,houghl, 

en I:Q (h) A quoted thought (no quotation marks). J re
t: ~ minded myself: This letter mu~t be mailed todlJy . 
~ ::IE Complimen'ary c/o .. 
S ~ (I) The complimentary close. Very truly yours, 
g 6 2. CAPITALIZE THE FIRST WORD AND MAIN WORDS OF
-- > SoIl1fation 
cod (a) The salutation. Dear Mr. Smith: 

::c. My dear Mr. Smith: Sir: DelJr Doctor Smith: 
Sub,it/e. 

(.) A subtitle. "G. B. Shaw: Hi~ Plays" 
rtf/e. 01 wor" 

(c) Titles of books, newspapers, magazines, musical 
pieces, pictures, etc. "The Robe" "The Fifth Sym
phony" NOTE: Capitalize a definite or an indefinite 

ma: article only when it is the first word of the title. He 
!~ enjoys readin/l "The Saturday Review." ThitJ is 
4:4: an editorial Irom the New York "TimetJ ." 
I-a. "R.soIved," "WherltGl" 
2 3. E very letter in the words resolved and whereas 
DD

Z 
when used formally and the first word of the tJtat~ment 

U or resolution. RESOLVED: That on this day .•• 
Abbreviation. 

4. Abbreviations of academic degrees, radio stations, 
telephone exchanges, divisions of government, etc_ 
B.A. WXKB ME 1-1111 FHA USN 

Division, in sequence 
5. A noun or an abbreviation of a noun followed by a 
number indicating place, position, or major division in 
a sequence. Act II Vol. III Room 42 Track 5 
Table 3 NOTE : Do not capitalize minor subdivisions 
such as page, line, or paragraph. see pa/le 6, line 41 

AJ"frad 1fOWt. 
6 . Abstract nouns when in formal writing they refer to 
ideals. " ... the knowledAe of Good and Evil (or 
moral Good and Evil whiCh are not natural Good 
and Bad or puritan Ri/lht and Wron/l) . " - Eliot 

Subslilu'e noun. 
7. Common nouns or adjectives when they are used in 
place of, or in reference to, a specific person, place, or 
thing. Traffic was heavy on the Brid/le. (Golden 
Gate) Several new men joined the Company. 
(Data-Guide, Inc.) 

Pet'SOIIilied nould 
8. Personified nouns. "Where wasteful Time de
bateth with Decay,"-Shakespeare 
The Red and Green won the /lame. 

Derived nom .. 
9. Names of particular persons, places, objects and ad
jectives derived from them. Geor/le Washin/lton 
Washin/ltonian Washin/lton pie 

Brand nome. 
10. Brand names and commercial products. Je1/-0 

Geogrophical nome. 
11. Geographical names. the Ever/llades 
the Pacilic Ocean Red Sea Hudson Bay 

Religious nom .. 
12. Religious names. God the Bible Genesis 
NOTE : Capitalize the personal pronouns He, HitJ, Him, 
Thee, Thine, Thou but not the relative pronouns who, 
who~o, whom, which, that. 

AcoJ.mic till •• 
13. Academic degrees and departments, honors, fellow
ships, chairs, and officers. Doctor of Philosophy 
the Bursar DeplJrtment of En/llish 

Street., buildingJ, elc. 
14. Avenues, streets, parks, squares, buildings, monu
ments, etc. Filth AVenue Gramercy Park 
Lincoln MemorilJl the R. C. A. Buildin/l 

Counlrifu, cili •• , ele. 
16. Countries, states, cities, etc., and their commonly 
known parts. the United States 01 America 
Hou~ ton, Texas the Hub the Left Bank 

Acoclemic coune. 
16. Courses of study in education but only the proper 
nouns or adjectives in the name of a subject. Elemen
tary Physics II He studied physics. 
Basic European History American history 

Governmental division. 
17. Courts, bureaus, agencies, boards, commissions, 
political divisions, etc. Probate Court Welfare Bu
reau Board of Education Seventh Con/lressional 
Di~trict Ways and Means Committee 

Dc:ryJ, boIidoyJ, e'c. 
18. Days of the week, months, holidays, and special 
days and weeks. the first Friday in May 
Mother's Day Fire Prevention Week Labor Day 

Historical event .. era. 
19. Historical ev~nts, ~ras, periods, etc. 
Battle of the Bul/le Victorian Era the Renai~sance 

Laws, cIocum."'" 
20. Laws, documents, bills, etc. Fulbri/lht Act G . J. 
Bill of Ri/lhts MarShall Plan the Constitution 

Armed Ioree. 
21. Military services, their branches and divisions. 
Marines Second Divi~ion Squadron A 

OrvanirQIions 
22. Organizations and institutions (business, fraternal, 
social, educational, political, professional, religious, etc.). 
Ma~ons Conservative Party Writers Guild 
Boy Scouts Presbyterian 

PeopI ... langvogu 
23. Peoples, languages, races, tribes, and people identi
fied with definite areas. the Arabs South American 
Frenchman Mon/loloid Cherokee Northerner 

Compos, poinfl 
24. Points of the compass only when they refer to geo
graphical sections, not directions. 
Jam /loinA South this winter. the Far EatJ t 
France is tJo uth of En/lland. 

s-o.. 
25. The seasons only when personified. It happened 
last ~ummer. Come, sweet Summer. 

Tille. 01 peopI. 
26. Titles of position and honor when placed immedi
ately before the proper name. MayorSmith SenlJtor 
John~on the Duke of Edinbur/lh Chairman of 
the Board J. P. Wri/lht . NOTE: Only academic titles 
and titles of high governmental officials following the 
proper name are capitalized. John Field, Secretary 
of State T. I . Spaak, Professor of Latin (or: 
professor 01 Latin) J . P. Wri/lht, chairman of 
the Board 

SubsJiM. tif/ .. 
Zl. Titles used in place of a specific person but not when 
used independently. The Governor will speak to
ni/lht_ The /lovernor is elected for a term of two 
years. He asked Father for the car , NOTE: Do 
not capitalize titles referring to specific persons when 
they are preceded by a possessive pronoun. He asked 
my flJth er for the car. 

Duai;lfive lifl .. 
28. Descriptive titles (epithets) with or without the 
proper nam~. the Lone Star StlJte 
William the Conqueror Old Hickory 

PreIUc .. "vice-," ".x-," etc. 
29. The prefix vice when the title following begins with 
a capital letter_ Within the next week we tJhaIl know 
who will succeed Vice -President Robbins. NOTE: 
Do not capitalize ex-, form er, late, -elect with titles. 
Senator-elect Smith former President Truman 

The word ''1he'' 
30. The word the only when it is a definite part of .the 
name or title. The First NatJ'onal Bank the Great 
Lakes NOTE: Do not capitalize articies, conjunctions, 
and short prepositions in titles and names. A Trip to 
the Moon WilJiam o( OranAe 

"cily," "stat ... 
31. The words city and ~tate only when they follow 
the name or are used in place of specific names. Garden 
City the city of New York He is employed by the 
City. (Chica/lo) 

"gowrnment," "noIion, II elc. 
32. The words Aovernment, nation,administration, 
federa l, union, commonwealth, etc., only when they 
refer to a specific country or political group. Her Maj
esty'~ Government The Administration will con
duct the probe. NOTE: FiAht (or /lood /lovernment. 

"'c~," "coIleg.," .Ic. 
33. The words school, university, academy, colle/le, 
etc. , only when part of a title. The School of Mines 
LlJn/l ColJe/le I attend colJe/le. Central Hi/lh 
School He is to be /lraduated from hi/lh school. 

C . WRITING POSSESSIVES 

1. ABBREVIATIONS. Place's (singUlar) or ' (plural) 
after the period. DlJta-Guide, Inc.'s publications 
Stephen Bros.' annual sale 
2. APPOSITION. Add the possessive to the noun in 
apposition only. Here is Mr. Snow, the mana/ler's 
office. We visited Mr. and Mn. Hart, our em
ployen' new home. 
3. COMPOUND NOUNS. Place the possessive at the 
end of the compound. hi~ tJon- I'n-law's work some
one else's turn 
4. INANIMATE OBJECTS. Use an "of" phrase rather 
than a possessive. the jacket of the book (NOT: 
the book's jacket) NOTE: Use the possessive with 
several everyday references to time and measurement 
and with personifications. a Week's vacation 
their money's worth two years' experience 
for conscience' sake the semester's readinA list 
5. GERUNDS (verbal nouns). Use the possessive form 
of a noun or pronoun before a gerund. The time of the 
mana/ler'~ leavin/l i~ indelinite. 
6 . INDEFINITE PRONOUNS. Add the possessive to the 
end or an indefinite pronoun. one's decision 
the others' decitJions 
7 . IMPLIED NOUNS. Use the possessive before an im
plied noun. John'~ is the most interes tin/l report. 
8. OWNERSHII" (Combined) . Add the possessive to 
the end of two or more nouns indicating combined owner
ship. Bob and Mary's 10/l cabin 
Brooks, Carll iii' Norton's store 
9 . OWNERSH'I" (Separate, by two or more p eople). 
Add the possessive to each of the nouns. 
the ~ecretary'~ and the treasurer's reports 
10. PERSONAL PRONOUNS. Do not use th~ posses
sive mark with p~rsonal pronouns in the possessive case 
or with the possessive form of "who." youn hen its 
oun thein whose 
11. PROPER NOUNS, (a) Add '~ to singular proper 
nouns not ending in s. Mr. Brown's book (.) To 
proper nouns of one syllable ending in ~ , add '~ (Mr . 
Ross'~ trip) and to those of two or more syllables, just' 
(Mr. Nevins' hat the WiIJiamses' party). 
12. SINGULAR NOUNS. (a) Add's to a singular noun 
not ending in s. man's life (.) Add's to a singular 
noun ending in s or an s·sound whenever a new syllable 
is created by pronouncing the possessive. the bo~.!I's 
plan the actress's costume (c) Add' to avoid a 
repetition or s-sound. for /loodness' sake 
13. PLURAL NOUNS. (0) Add' to plural nouns ending 
in s. llJwyen' briefs (~) Add's to other plural 
noun endings. women's hats chiJdren'~ toys 
14. OFFICIAL NAMES of companies and organiza. 
tions. (a) Omit the apostrophe in plural proper nouns 
that ar~ possessive. Manufacturers Trust Bankers 
Association (II) Use the apostrophe in singular proper 
nouns that are possessive. Woman's Day Collier's 

D . WRITING THE PLURAL NOUN 

1. SINGULAR NOUNS usually add s to fonn the plural. 
alibi alibi~ book books letter letters 
2. Singular nountJ with certain endings form the plural as 
follows: (0) I, (e, or H usually · add tJ. belief beliefs 
sa fe safes cliff cliffs NOTE: Some nouns ending: 
in f or fe form the plural by changing to v and adding es. 
half halves life live~ ~helf shelves (.) 0 preceJaJ 
by a vowe' (a, e, i, 0, u) add~. bamboo bamboos 
duo duos · ratio ratios (c) 0 preceded by a ",nsonant 
usually add es . hero heroes potato potatoes 
veto vetoes NOTE: Mu.kof lerm. ending ill 0 add II 
(pilJno pianos solo /Jolos alto altos). Sam. noun, 
ending ill 0 preceded hy a consonanl add ~ (tobacco to
baccos photo photos): other nouns may add e or es 
though es is the preferred form (car/lo car/loes car/los 
buffalo buffaloe~ buffalos)_ Cd) ~ x.. cit, lit, add es. 
/l/liSS AlastJes bOil: boxes birch birChes dish 
dishes NOTE: WJ.en the Anal • is .. 1enl, the singular 
and plural are identical in spelling. It corps several 
corps (.) y preceded by a vowel add s. donkey don
keys money moneys NOTE: The irregular plural 
"monies" is correct in the sen.e of sums of money. 



(0 y preceded &y a canJOftO'nf change y to i and add n. 
company companies ecstasy ecstasies NOTE : Since 
u sometimes serves as the consonant w, the rule applies 
to nOUM ending in quy. colloquy colloquies 
3. PROPER NOUNS ENDING IN S, X, Z, CH, SH add es. 
Hayes (all the) Hayeses Murch Murches 
4. PROPER NOUNS ENDING IN Y PRECEDED BY A 
VOWEL OR CONSONANT add II. Shirley (all the) 
Shir/eYII Whitney Whitneys Kennedy Kennedys 
5. IRREGULAR PLURALS are usually formed by a 
vowel change inside the word. man men mouse 
mice loot l ee t NOTE : Certain irregular plurals an: 
formed by adding en. ox oxen child children 
6. HYPHENATED COMPOUNDS add the proper plural 
form to the main part of the word. son·in·law sons
in-law Secretary-General Secre taries· General 
NOTE: The plUral form is added to the end of a solid 
compound noun. Alassful IJlnu /u ls 
7. A hyphenated compound formed of a noun and a 
preposition adds the plural ending to the noun. 
pauer-by passers·by runner_up runners· up 
8. A hyphenated compound adds the plural form to the 
final word when neither part of the compound is a noun. 
lean·to lean-tos run-on run·ons fill-in fiJI-ins 
9. ABBREVIA liONS, FIGURES, LmERS, SIGNS, AND 
WORDS OUT OF CONTEXT form their plurals by adding s. 
chap. chaps. bx. bxs. NOTE: Sometimes's is 
added though there is a growing tendency to omit the 
apostrophe (s's the three R 's G I 's). The singular 
and plural abbreviations may be identical (mo. 
month and months; in . >= inch and inches). Some 
one·letter abbreviations form the plural by doubling the 
letter (p. palJe pp. palJes). 
10. EXCEPTIONS. Certain nouns ending in s are singular 
only. economics ethics mathematics news 
Certain nouns are plural only. auspices Aoods 
h eadquarters proceeds scissors 
Certain nouOl may be both singular and plural. 
deer politics sheep trout wheat 
Certain nouns have two plurals with different 
meanings. clothes cloths fish fishes 
11. COLLECTIVE NOUNS are singular when the group is 
considered as a body but plural when the membenJ are 
thought of individually. The staff is asked to con
aider the suAlJestion . The s taff are leavinA. 
12. FOREIGN PLURALS. NOTE: Some foreign nouns 
have English plural forms; these should be used in 
preference to the foreign plurals. Foreign singular nouns 
form the plural by making the following changes or ad· 
ditions. (a) (f fo ae alumna alumnae fo rmula 
formulae (Eng. plural: formulas) (I,) eou plus x bu
rea u bureaux (Eng. plural: bureaus) chateau cha~ 
teaux (c) if fo es basis bases crisis crises thesis 
theses (d) on fo a criterion criteria (Eng. plural: 
criterions) phenomenon phenomena (e) urn to a 
bacterium bacteria datum data memorandum 
memoranda (Eng. plural : memorandums) (f) us fo ; 
alumnus a/umm' syllabus syllabi ter.minus ter~ 
mini (Eng. plural: terminuses) (I) x fo ces appendix 
appendices (Eng. plural: appendixes) 
13. PLURAL OF TITLES. Mr. Chase Messr". Chase 
Dr. Rand Dn. Ra.nd Mr". Grant Mrs . Grants 
Miss Grant Misses Grant (or) Min Grants Mes
dames Bliu, Hunt, and Lary Messn. Gray and Hill 

E. WRITING NUMBERS 

1. AT THE BEGINNING OF A SENnNCE. Spell out 
a number beginning a sentence even though figures 
may be required later in the sentence. Two of the 
newspapen are raisinA tlleir price from 5 to 7 cents. 
NOTE: Reronstruct the sentence when the spelled·out 
number totals three or more words. There were 187 
orden filled. NOT: One hundred eilJhty~seven 
2. AGES. Use figures only when age is stated in years, 
months, and days. The baby is 2 years 8 months 20 
days old. Her mother i s twenty-four years old. 
They live in a one-hundred-fifty-year-old house. 
3. BALLOTING. Use figures. 73 for; 42 alJainst 
4. COMPOUND ADJECTIVE. Use a hyphen to join 
a compound adjective having a figure. There i s a 10-
minute break between periods. NOTE: An " or' 
phrase makes a hyphen unnecessary. There i s a break 
of 10 minutes between periods. 
5. DA YES. (.) Spell out numbenJ and decades and cen
turies. the twentieth century the roarinlJ twen
ties (It) Spell out dates in legal documenu. the six~ 
teenth day of June, one thousand nine hundred 
and fifty-three (c) Use figures in lettenJ. On October 
1, 1984, the project will beAin . W e thank you for 
you.r order of June 19. NOTE: Omit th , " t , rd, nd 
after the day of the month when the year is given and 
when the month and day stand alone. the tenth of 
the month your letter o f the 10th (.) Spell out 
years ordinarily in the informal and non.legal style. the 
aixteenth of June, nineteen hundred and fifty-three 
6. DECIMALS AND PERCENTAGES. Use figures for 
writing decimals and percentages. 36.57 .05 He in
vested 15 per cent o f his salary in bonds, NOTE: 
Spell out percentages at the beginning of a sentence. 
Fifteen per ce[lt is beinA invested. NOTE: A cipher 
placed before a decimal fraction gives emphasis to the 
fraction (0.15) .. a cipher placed after, shows that the sum 
has been carried to three decimal poi nts (.750). 
7. EXACT NUMBERS. (CI) Spell out numbers under 
ten. We packed sill' crates this morninA. (&) Use 
figures in business writing for numbers above ten. He 
obtained 64 orders. NOTE: In other writing, numbers 
under 100 are usually spelled out unless they appear in 

connected groups .. There were 10, 5, and 15 present 

at each of the meetinAs, respec tively . (c) Write large 
even numbers in business letters and reports as follows: 
5 mil/ion dollars (or: $5 mil/ion). 
S. FOUR OR MORE DIGITS. Use figures and commas 
to show uneven thousands, millions, and billions. 
120,355 $2,555.65 3.507,085 
9. fRACTIONS. Spell out simple fractions independent 
of whole numbers. one tllird 01 th e electorate 
Use figures ror complex fractions. 27/ 64ths 1 ~ 
10. JUXTAPOSED NUMBERS not closely related. Use 
figures if the second number can not be spelled out 
in one or two word.. In 1963, 110 men jo,'ned the 
company. In 1967, seventy men joined u s. 
11. MEASUREMENTS. Use figures for capacities (75 
volts), degrees (-.-SO F. 400 C.), dimensions (9 by 12 feet 
or 9 x 12), distances (73 miles), measures (3 quarts), 
sizes (size 14), stock quotations (68-), weights (20 
pounds). NOTE : As quantity is a unit, a comma is not 
used to separate the clements. It is 2 l eet 7 inches. 
12. MILITARY GROUPS, POLITICAL DIVISIONS, SES
SIONS OF CONGRESS. Spell out all numbers that refer 
to such groups. the twenty.sixth division 
Ward One the Four th ConAressional Dis tric t 
the Eighty -second Congress 
13. MONEY. (a) Use figures for definite sums of money. 
$10 10 cents (b) In a business letter, omit decimal 
points and ciphera in even amounts of dollars. We have 
your ch eck for $150 whi"ch we are creditinlJ toyour 
account. (c) Spell out indefinite sums of money. He 
earned a little over a hundred dol/ars. (d) The dollar 
sign should be placed before each amount in a series of 
dollar amounts. Price of cars ranAe from $2,000-
$3,200 (I) Spell out the word cen ts for amounts under 
one dollar. The ticket costs 75 cents. 
14. ORDINALS. Spell out ordinals except with t he 
"or' phrase in dates. He is the second speaker on 
the program. I have your Jetter of the 3rd. 
15. PAGE NUMBERS. The word palJe is not capitalized 
nor preceded by the abbreviation No. page 63 
16. PROPORTIONS AND RATIOS. Use figures. a ratio 
of 3 to 1 (3:1) 20-20 vislon 
17. REFERENCES. In footnotes and bibliographical 
matter, use an abbreviation for a part that precedes a 
number. Chap. V p. 22 
18. ROMAN NUMERALS 
II 20XX 90XC 
5 V 40 XL 100 C 
91X SOL 5000 

10 X 60 LX 600 DC 

900 CM 
1000 M 
2000 MM 
4000 MV 

5000 V 
1969 

MCMLXIX 

19. ROUND NUMBERS. Spell out. 
aboutone thousand five hundred o.nd twenty dollan 
Neady ninety trees were cut down. 
20. STREET AND HOUSE NUMBERS. (a) Spell out 
numbet$ that name streets and avenues. Thirty
fourth Street Fifth AVenue NOTE: Use figures 
when the name of the street represents three or more 
digits. West 116 Street (II) Spell out one when it 
numbers houses and buildings. One Hudson Avenue 
21. TELEPHONE NUMBERS and travel directions. Use 
figures. Bryant 4·6500 Route 35 Track 3 
22. TIME. (CI) Spell out the hour when the word o'clock 
is given. Your appointment is for four o'clock. 
(It) Use figures with a.m. or A.M., p.m. or P.M. The 
class belJins at 8:30 a.m. NOTE: Use two ciphers only 
when an even hour and one having minutes are given in 
a single sentence. 1 will arrive at 9 a.m. (or) at nine 
in the m orninA. 1 wil/ be in my office from 8:30 
to 9:00 a.m . (c) Spell out numbers indicating periods of 
time. H e lived in Wichita for twelve years. (II) Use 
figures for academic years. the class of '54 

F. USING THE HYPHEN 

Compounrl num&.,., 
1. Between compound numbers (from twenty·one to 
ninety·nine) and fractions used as adjectives. 
two hundred fifty-five two a.nd one-half quarts 
NOTE : When the fraction is not a single adjective, the 
hyphen is unnecessary. He is askinlJ one half of the 
group to return . Compounrl oJjective, 
2. Bet ween two words forming a single adjective. a 
fint·class performance ~ silver-plated spoon a 
well-known "tory NOTE: Do not use a hyphen when 
the adjective follows the modified noun (He is a man 
well known for his hones ty.); when two independent 
adjectives precede a noun (She wore an old red coat.); 
when an adverb modifies an adjective (She is a hiAhly 
recommended nur.se .) ; when one of the words is a com· 
pound modifier ending in "er" or "est" (a low·priced 
lot a lower priced lot); when the compound modifier 
is a two·word proper noun (a South American na
tion a Pulitzer Prize winner); when one word in a 
compound modifier has an apostrophe (the second 
semester's project); when a foreign phrase precedes 
the modified noun (an a priori statement). 
3. Between three or more words that form a compound 
adjective. one.act-play conte!! t once·a-year sa le 
up-to-date inventory ship -to·shore movement 

Hyphenoletl.erie. 
4. After each element in a series of hyphenated words 
with a single base word. Will th ey erect a 
three·, four -, or five- s tory buildinlJ? 
the hard-and lo ft -cover editionl 01 the novel 

Compounrl verc. 
5. Between compound verbs. The s uit wil/ be 
dry-cleaned. Compound adverb. 
6 . Between compound adverbs She replied 
half-heartedly. 

Compound noun. 
7. Between certain compound nouns. will-power 
lea-level story- teller trade·mark end-product 
8 . With n~uns compounded with mother, father, 
brother, s/S ter, le llow, etc. mother-love 
fellow ·man NOTE: motherhood and fellowship 
9. For nouns compounded of a verb and a noun or of a 
verb and a verb. do-nothinA make-believe 

V«b compocnl(/s 
10. Between a present participle and a preposition used 
as a verb. The tra ctor was levelinA-off the IJround. 

Pf,fidpl. e~1 
11. When an adjective or noun is combined with a 
present or past participle. foreilJn -spendinA 
word-endinA native-Arown 

"..,,..~ 
12. In most compounds with the word sell. 
lell-interest self-preserva tion self-tauAh t NOTE: 
Do not use the hyphen in selfleu or selfsame or in the 
reflexive and intensive pronouns (myself, himself, 
them selves, etc.). Prepositional CompoUM' 
13. In compounds that have a prepositional phrase. 
mother-o f-p end out·of-town visitors 

Compound titles, name. 
14. T o separate compound names or titles. Secretary
Treasurer Smith Henri-Marie-Raymond de 
Toulouse-Ln u trec-Monfa Prefix ''re-'' 
15. Between the prefix re when it means aAain and the 
verb. Re-form the troops I NOTE: He' ll reform. 

Prefixes 
16. With prefixes ending in the same vowel that begins 
the root if the diaeresis is not used. 
co-operate cooperate co·owner pre-election 
17. When a prefix is added to a word t hat begins with a 
capital letter. un-American mid-Pacific pro-Ally 
18. In titles formed with ex, elect , and vice. 
ex-Mayor Senator·elect Vice-President Baker 

"non-" ComPOUMS 
19. In many words formed with non. non-contaAious 
non-eo-operative non-pros NOTE: There are many 
exceptions. nonessential nonconformist nonplus 

Letter-word compounds 
20. T o join a letter to a number or a word to form an 
adjective, or a number to a letter to form a noun. 
A-I condition T-shaped bone 3-D 

Numller-quanlity compounrls 
21. In tabulated lists to link the number with the 
quantity. Seven 5-Aal. cans Barry House Paint 

Noun compounds 
22. Between certain root words and a suffix t o form 
nouns. plo.y-oH drive-in shake-up 

Adjectival compounds 
23. Between compound nouns and verbs used as ad· 
jectives. a fath er-son banquet 
the would-be equestrlan a walt-and-see policy 

"cross-" compounds 
24. I n some words formed with cross. cross-question 
c ross-purpose cross-town NOTE: crosswisa 
cross reference Civil and mililory titles 
25. MOlt civil, military, and naval titles of more than 
one word are not hyphenated when the title indicates 
one office. Secretary of Defense General of the 
Army Lieutenant Commander General ManaAer 

G. SPELLING RULES 

1. DOUBLING A FINAL CONSONANT 
(a) Words of one syllable are doubled when they end with 
a single consonant (run) preceded by a single vowel (run) 
and followed by a suffix that begins with a vowel (run· 
ning). EXCEPTIONS: Aas Aaseous lax laxity 
(II) Words of two or more syllables with the accent on the 
final syllable of the root word are doubled when they end 
with a single consonant (refer) preceded by a single 
vowel (refer) and followed by a suffix that begins with 
a vowel (referred), NOTE: When the accent shifts to 
finJt syllable (reference), final consonant of root word is 
not doubled. EXCEPTION: excellence excellent 
2 . KEEPING FINAL CONSONANTS 
(c) Words that end with double consonants usually keep 
both lettenJ before a suffix. enroll enrolled install 
installinA (b) Words that end in J keep the letter be· 
fore Iy. accidental accidentally (c) Words that end 
in n keep the letter before ness. thin thinness 
stern sternness 
3 . IDENTICAL LETIERS JOINING PREFIXES AND ROOT 
WORDS. When the Same consonant ends the prefix and 
begins the root word, both letters are kept. misspell 
4 . FINAL SILENT e 
(.) Words that end with a silent e usually drop the e be· 
fore a suffix that begins with a vowel. come cominlJ 
(II) The e is usually kept before a suffix that begins with 
a consonant. hope hopeful EXCEPTIONS: judA
m en! ninth truly wholly (c) Final silent e pre· 
ceded by either c or A is kept before a suffix beginning 
with a or o. notice noticenb/e couraAe couralJeous 
5 . FINAL y 
(c) . Words that end in y preceded by a consonant usually 
change the y to i before n suffix. h earty heartily 
(&) Words that end in y preceded by a vowel usually 
keep t he y before a suffix. slVay slVayed 
EXCEPTIONS: say said pay paid 
6. Ei and ie (a) Usually J' follows J and e follows c 
(like: pOlice). believe relieve dece ive conceive 
(b) Usually i precedes e. brief chief field fierce yield 
(c) Usually e precedes i after c and when pronounced 
like long a. eel/inlJ receipt freiAht heir neilJhbor 
tll eir EXCEPTIONS: ancient either financier for 
feit invelg/e leisure sehe weird 
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Line parallel to v-al ls. m ..... : x·intercept_a. (Fig. 13) 

y .. b Line parallel to x·a:rls: m .. O: y- Intoreept _ b. (Fig. 13) 
y_)" , _ m(l-lI1) Line determined. by pt.(Xh N'). slope m.(FIK.14) 

:?':;'~~~~:I ()" - )"1) +(-':-I') - ()"J.-'1) + (II- X,) Line determined by two pis. 
(l,a)+()"/b)-l Two-Intercept for m: o ;tO. b.,!O. (Fig. 16) 

xee. 6 + )".In 8 - p .. 0; p > O Hormal rorm: Line determined by 
length (I) or normal l rom origin and angle to x·a.lls. (FIK.IO) 

• c 
G~. 

Iii ~ 15 the angle 6 between their jIoritive .,".,u~",d ,,,,n""'o<k';" 1 
CI i= directions. The angle from Lt to L, Is 8 ~! :::: 11~~~~E~~~~~ffi~~~~;~ ~ ~ (positively): the angle rrom 1., to L, Is ISO' -6. 
~!i:: L POfHTSAHDSlG.WHT1 1. Projection or a polntP on a line L 15 

root ot the per-
pendicular dropped 
trom P on to L (Fig. 
b).1. The projection FI 5 
P,P, on thex·axls Is g. 
AB, where A Is the 
projection Or P,: B, 

I.LI the projection or p •. 
i=iI: S. ltthedlstancebe_ 0 --1"0'-- ;; 
.... ~ tween P, and P. Is d 
~=- (aposltlvenumber)and the angle between P,P. and the x·axls Is 
g..::::l then AB - P,C - d cos a . •• Segment P,P, Is divided by point Q 
G;i5: ratlofl:1.ltP,Q:QP. _ f,:r •. It ,, : ,, 15 + ,Q Is anlnterna! point of 
~:!: division; - . then Q Is an external pt. of division. 

~ t; ~: ~~ ~1:~~:~~ ~~ ~:~: ~~ ~:~:: : 
~ if Slope or line PIP:. NOTE. Whan Xl 
0' rn .. tan a .. !!..=..!!. - z~, the line Is perpendicular to::l;-

... - Xl am and has no slope (m _ ... ) . 

d ....... (.111 12)1 + ()", )'2~ 

(
'J.lI' + 'IX2 , '1)'1 + ")"2) 

" + 'a ' 1 + '2 

(''+, " , Yo +, ") 

Distance between PL and P,. 

Point d1vIdlng PIP, In ratio rl:rs. 

Midpoint of PLPI • (1, - f.). 
'" . f2 ~ mll - ml Formula ror angle from line LI bav-
:;z:~ tan8-~ Ingslopemh tollneL,wlth slope mi' 
:; ~ mimi" - 1 Condition thatLL be perpendicu lar to L,. 
-' ~ m, _ ma Condition that LI be parallel to 4 

lINE . (Fig. 16) 

DI STANCE OF ',(XliV,) 

..tx+B&I +C_ O d _IAt,+B&lL+C! 1 ;~~~~i~i~l~i~~~i.~I~i~~; v'¥tJli 
.1' cos8+N sln8-p _ 0 d-ll',cos8+N.sln6-PI 
t..IAMIUES 01 STIAIGHJ' IHS. J.lquallon I.: II "' mx +Hb'."~!""'~~" I " 
an Innn ite numberotstralght lines each having a 

and b. 2. It value of m Is held n:red and b Is 
the equation represents a family of paralle!lInes 

I. U bls nxed and m Ylrles,equatlon Is a r;;~;;';c~,~':,~:~~;:~q :~~;;;~~ through (O,b). •• Both band m are pora~f!ttTJ; to 
ponds one line or the family. S. Penello(lInes: Given 
h _ Alx + Bl1+Cl _ 0 and h - A2X + BU' + C2 - 0, 
straight lines Is given by I , + Al l _ 0. (Fig. 18) 
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')"1 ~ I Area ot triangle I K 0 Condition that points l 'j!ljiii!I~~1~ilijiiiiiiir~~I~;I~I!!!I ~~I~ii~~i;~~~~~~~!~~~~~~; 
!:i:z: -'2 :::: 1 PLP1P1 (Flg.6). - P"P1.PJ becollinear. I' 
~ ~ E: Ginn PIC -2,1) : PI (4, 6). Projection 01 P,PI 011 .l-ui.-4 -( - 2) _6; 
~U; alope- (6 - 1)/r4-{-2ll- I - V {-2-4J1+(1 - 6)1 -

"'~ ~:E v'ii"; midpoint 01 P,P,-

01 

y; fig. 27. 

IntereepLs a re 
nlues of .1' (or N). 3: &1 - '0<""",< 
0. fXTEHT 01 .. lOrus. Locus of an equation /(.1',&1) _ 0 can lie only 

on those parts of the plane where coordinates .1',&1 that utlsfy the 
equation are both rul. E: )1-101 .1' ulsls onl,. 
wbeu~ > O. E: N-&iD.zUesbetweenlinesy-::t;I. ~ 
l. ASYAU"TOTfS. An asymptote to a curve Is j:I 

closer to curve than any quantlty, howoyer -::~-;-;'+';--"::7' 1 F Fig.28. 
.mall.wlthout crossing curve. E: In Fir· 11, .;; ,.:: · ;.:o:;:."·,,,;,,:,,::.,,;"·:·".~; 
th" CII"e )I-2/ (.r - 1)e.lilll when .r;t1; thll.i l 
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} ~«j) 

a Jlne. thepolnLsofwhlchenntually come ~1~~i~~~~l~:!;l~~~ij~!~~~li1~:~~~~!~~ I ~ hll brlD,bu on both sides 01 the lin" .1' - 1, • 

nrtital u ymptotellnce .. .l-01, INI-o'''. x-ur. ~ 1£ ~ r.. bOrilODtal u)'lDplOte slnc.e .. 1.1'1 ........ , v-o. , ~ Fig. 31 
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_ .~~:~IlOd r~"i!~!d':~O:'~~I~e~r::.~1 ;I~ 
Ibe ne. ofiCIn.1 (Z , I). 501.11_ 2, '\-1; 
f - ~'+Z, , - .1' + 1. Sub,titut,: (.,'+1)' 
- 2(/1 '+ 1) - 4(:.-'+2)+9-0. SlmpUfr:.,~ 
_4ii, _bid! i •• p.r. bol.ln.!f.nd.rd IOnl1 
t'ith ruped 10 Ille ,,' ,,',uel. El: B'/ meul 
". It'ansl.tion of ues, tr.n. fonn h ' + 4l/' + lh - 2411 + 0_0 into 'qultion without 
lenD. of lbe 1, 1 de,ree. Sol. Sub. titute 

~(:;t! I :;: • .: (~f _+2:~lIt.h~(O~~~t :/~ 
~:rd~!::t,O! ;"~:~~'~~fd~ ;:hO~~:~~ 
md III: - 24 _ 0, tbul h .. - I, It _ J .nd tb. 
tr,nsformed , qu.tlon I, 0,."+4"" _ ,\6 : ... 
Illipse In l talldard fOnD with r •• peci to 
Ibe r'r'-uu. 

~ :oo~t~:~:n~e--:::~DOOt\~,J· --o:-··:·"-:" ~":'?,~,,~ •. ~~ 
point P, whose coordinates ue 
~,V) with respect to the '"f.-.xes. 
hue the coordinates (x' ., ) wi th 
respect to the rotated ry-ues. 
Z. fqu.tlom 01 ,ot.tlon: 

X _ Jr' ", 8~,' lin ' ,_x' tin tHY' cot ' 
I ' _.I H. fI+ y tin II 
Y'''-J' tin 8+,_8 

£: Trl..lltform tbe eOl.llllion 01 tbe eqllU.lerll 
~'.II,!~,~14~~~~'~t!n.~.!I. of .' •• 

!%' - 1f)/ v'Zill- .II' .In .'~v' c.o • • ,. 
.. (.II'+ v1/ .rz,thlll 

(.II' 11')(.11'+ , ' ) x"-V" 
11 - (J2)' - 2 

.. :z.rl, or x"-J'1 .. 401 

tiIClE: A .. C 'I- 0 

EllIPSE: AC > 0 

rcos B - p rlin 8 .. p 
xc.l4' + )'.ln ~-p _ O x - p , " p 
0. ~IAI EQU~noH 0' Q.tCLL HOTE: R Is radius. 

EQUATION SPECIAL CASD Fil- so. 

~~~:~~ ... ~4 F1~cua~ffJ'(~'" .. i,.?j 8 e--- C ... 'oC 

~ o· O. 
o Aa. 47. 0 

r' - 2IIrcos(B- Q) , -2IIcosB r .. 2G slnB ,_acosB+ b slnB 
+a' _R' 11 + ,I .. holl: XI + ,I .. ho, xl + , .II .. u+b, 

lii£i SURFACES AND CURVES. A. usrc CONcurs. l. A turl ... 
Is locus or an equation In %,V,: It It contains every point whose co
ordinates satisfy the equation, and only t hose. Z. T he Intersection 
ot a sur/ace wit h a coordinate Plane Is Its "HO on that plane. I. The 
Intersection of a sur/ace with an a.llu are Its Inte,fllJpfs on t he uls. £: 
1:he locus or %+ 2(, _ 2 Is a plane parallel to the :·aXls. Its trace on 
the xV·plane Is a l ne whosa eq uations a re x+2V - 2 and : - 0. Its trace 
on the VI·plane Is a line parallel to the :·uls. Its Intercepts on 
the '%·axls Is 2: on the V·axls It Is I: no :·lntercept{F11.57). 4. A curve 
In space can be represented by the equations ot tUlO $1.Ir/acez that 
contain It u their complete Intersection. Sometimes tJu~~ equations 
are necessary: Ulh~n two sur/acez in(~ruct in more thf1.1l one CIlTue. l . A 
curve can also be represented paramdrica11v: .r - f(l), r .. , (f ), % .. h ( I ). 

i~ !.,~tliltn Z 2 " PI 0<10)'1 .'1) 

5brapllne Y 
paralle l 10 the .IIv·plane X 
I..IId J unill abo ... e II. / 

I. fORMUlAS I'O.l't.AHfS FI,. 68. H01EJ: Coefnclents A,B,C, are direc
tion numbers of any normal to the plane ; cos a , cos/J. cos "1. are the 
di rection cosines ot the normal. H01f2: Pla ne5,ls A,%+B,V+C1,+D1 
_ 0 and 5, Is At.II+B,V +Ct:+~ _ O. 

General form (nerT plane has an equa· 
tion of the first delrel!. and ,Ice versa) • 

Normal form (length of nol"
m al trom orl,ln Is ,). x cos 0+' cos /J+ x eoa 'Y- P - 0 

Ax+B),+Cz:+D TransformaUon ot general 
equation to normal form. :!: VAI + BI + CI '" 

Plane determined by point 
I(x-xI)+m()'-)'l)+n(z- zl)_ 0 (.II"Vh") . normal direction l,m.n. 
(xj _) +()'/b) +Czje) _1 Inte.rcept (orm (3 non-zero Intercepts). 
Aa + B, + D .. 0 Plane paraUel to ,·axIs • 
z _ k Plane parallel to xN-plane. 

IA,A1+ BIBI+ C1Czl Acute anlla between Sl 
cos B- -.lAIS+8,Z + e IZ V AZI + B11 + CIZ andS, . 

AI:BllCl " A.t:Ba:Cz Condition that 51 be pan.lIel tos,. 
A,:B,lC, lDl - A1:B1:C1 :D1 Condition that 5,,s, coincide. 
A1AI+ BIBz+ C,Cz .. a Condition thatS, be perpendicular tos,. 
(A,x+BI, + Clz+ DI) Pencil of planes determined 
+k (Aall+ Bz),+ CII + Da) .. 0 bT 5, and St. 

" A1Z+B,S+ C,Z 
d -!xl C:OS O+)'l cos 8 + z1 cos y- pI Dlst. (rom plane to P,{%\,VU'\)' 

E: Find th~ distaDee of PU, I, - 2) from Ihe pll..lll 2.r: +V+2.:-6 .. 0. Sol. 
E .... III.te Ihe norm.1 form: (Z:r: +~ +2.1:-6) +(~)-12(J)+ I(J)+ 

I, 

" 
Ihe eq lion C. srANDA.D fOIMS fOR EQ. 0' A STlAIGHT UNf. j'l(-2)-61+J-1. 

~~~~Y~~F1~:~;;"]i~~~~~I;I!~~~~";~;~~~~~ jA

1

11 + B1J + C

1

Z+ Dt .. a tina determined by Intersection of 

:... g. ~JI:+BaJ+C~+DI .. a two planes. 

ll .. u + b; J - a: + d; Llna not parallel tOXV·plane (projection torm). 

!=!!.. .. ~ .. !.::!.!.Llnadetermlned bypoint(x"!,,,:,):directioll 
i I m n numbers (',m,n)(Symmetrlclorm). 

c. ro ' fA,lOVl JHf I,.rr ... Rotate the axes throulh a n Two point form for line thru 
Ihat _, I B- (A - e )/_or ' . n lB- _ /(A- e ). E1 B)' P,(x, , V,,%,) and P.(x • .v.,zt) . 
.. man tbe zv·term from 8.11' + 4zV+ SV'_9. Sol. tan z ... zt+b

z 
Parametr:ic form tor 

:os 2B_ !: II.n 8- ~I -eo. 28 _ ~, - (JI5l.. ~ , b,) with direc tion numbers a., a" a •• 
S 2 2 : 4 P(I ,2, -I ) and perpendleuhr to ptue J : cal 8 .. ~I +~01l8 - .A: the reOl."lred - nwnberl a.re 4, 2, - J prin, (z -1)/4 

NllllIOD II cI.,en b)' Z_Z' CM B-V' siD 8-(2z'- ,l)/v"!';v-.II' -:~~~T I 
" (.II'+ 2V' )/ Vs. S"bstitlltiD, for z Ind V In tbe eOl."dlon Ii ..... 

• (12'- , ' ) (z' + 2,') 5(z' + Z, ' )' + s + s .. 

Point 

i~~:~~~~ ~; 
[I!J POLAR CODRDINATES., A. 0fI'N1l0HS. 
r. PO.IIilion 0/ /IOint P is deflrmintd bV it, 
tiltanet , /rom II. fiud /JOint ' and th, angll 8 
!Mt 01' malin with a lind indlfinitl lin. 
I)A (th, initi(lllil1~.) l. the ordered pair of 
1umbers (r, B) are called the jJolar coor
tillatn ot P,' r Is the radius u«lor of P and 
, Its IIf!cforil11 angll. The rays e mlnaU nl 

lo" t .2,301 • Fls.4o. 
'rom the pole 0 are described by t heir vectorial anlles; OC Is the 
iIQ" ray. NOTE: (r,B). (r,B+360-), ( - r,8+18O·) represent same point . 
.. 1IAHSI'0. MA1JOH 0 ' ~J.AI AND . fC1AHGUIAI COO"DlH~1lS. 

1. ' - 'OOI B ' - ' sinS 
1. ZI +yl_ ,J , j z .. t.n 8 

!1 : Trlnlfonn 10 polu coordlnstes Ihe eOl."s· 
ton of the circle Z1+ V' _ Z .. .. O. Sol . .11

'
+,' 

- 2o:r:_ ,'_20r co. 8 - 0; ,_2 .. co. 8. E2: 

~:n~ffo:~I~:!~~:C~~!'~:!".J!ln:;~15'!1~ ~,'!.a2 
1iD8co. 8i" ... 2, aln (l-rcol 8 and (.111 + V')1 .. 2V:r:. 

P(r,8) 
P(x,,) 

W PLOTTING CURVES IN POLAR COORDINATES. A. 1ES1S 
O' SYMAoIEflY. I. 'lr ,~ : Q~r. -B) 
LrfI s,mmetrlc In nfllal lint or 
lOIar azis. Z. ' (r ,B); S(r, 180·-S) 
lI'e 8)' mmetrlc In the go . lin,. 3. 
,(1'.8) : 1(-r.B) are sy mmetric In 
101,. f . To tt,t (I evrllt r .. I(,>/o r 
!lmm,lrv in the /JOlar axil, substl
ute -B for B; If I( - B) ... /(B) the 
,un .. Is symmetric • • : r - I + T r'~'-'2;70~'+---';:;; 
0$ B Is symmetric In the polar r,-9) 
..x Is since I(-B) _ l +cos( - 9) Fi,. 42. 

• I + eos 8 .. / (8). I. T~st Jor svmmetrv in the 90· lint,' Substitute ~:I:;f~~:i;::~~'i~~~:I..I::~~;I~~:~~i,that 2 lines be puallel. 8O·-B tor 8. There Is symmetry 1'/(l80- - B) - /(8). r ... I H ln B; Il~,+m,m, that 2 JInes be p(!rpendlcular. 
"( ISO· -8) - I Hln(18O- -8) .. I +sIn B - /(B) • • • Tlsl/or SVmmfli'JI in I num bersotllne perpend lcu-
thtjlol~: SubsUtute - , l or r; It eq. unc hanled, there Is sym metry. to direc tions I"mh nl and 11.mr.n,. 

Z Xl _ Cp)' 
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B. lOCUS OF 
POINTS AT 
A GI VE N 
DISTANCE 
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• aL 

13., [qlllcllsl.nt from 
twa pa •• II,llines. , 
ap 

1 JL [quId1$l1l'11lrom 
l'IoOPOInu.. 

13$.142. 

C. lOCUS OF 
POINTS 
EQUI· 
DISTANT 

A'TWOfRI.~~~~~~1 ANGLES 
ARE 
SIMILAR 
IF • • • 

8. IF TWO 
TRIANGLES 
ARE 
SIMILAR • •• 

., 

(0 ) (~~9 
A" •• D ••• B 0 
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220. LENGTH OF 
LEG OPPOSITE A 

on the .v-axis, U 11=0, P Is on the %.l.:Ils. 
A LINE SEGMENT. If segment endpoints are 

the coordinates or the midpoint M art! 

222. K = 

", .. th~'~~!H;"".-1 AA' -~ ''''f - !;;i -, f@1 
" l~~ .~~~ ~~ - -, a • ..i 

30' k....d .(S' ~A : . 
'hb S ''hh ~ 221. adj. 223-22' 

223 -221 : PROPERTIES OF AN EQUILATERAL TRIANGLE. 
A. EQUAUTY, 221. Has J equal sides; 3 equal angles, each 50", 
B. UNES . 224. Perpendicular blsootor or, a ltitude to, median to, 

;::----I&nlle bisector to, any side aU coincide. Anyone of these lines dlyldes 
the triangle Into twoeongruent30"-60" -90"Ulangles. 225. Altltude= 
1/2 sidf! limu "'3. 
C, RADII . 22&. Radius or elrcumscrlbed 
'lZl. Radius or Inscribed circle (apothem) = ii3·;;;"i;;'d.~;; ,,,';;;;;;;; 



PROCEDURE 
A SIMPLIFIED SUMMARV.,. INSTANT REFERENCE 

(

RULES 
AGENDA 
MOTIONS 
VOT ING 

TH E TOOLS OF THE MEETING : THE USIC 
listed In the order In which they have the 
h .. m ple: P,io, to a uotr, discussion on 0 ..... " ' . ,"" _ 

. The operation of the motions should be known by every participant Motions are 
and discussion (prec:edenc:.) over mOllons In other categories and within grouplnis. 
be slopped by II hightr Tanked Sublidiarll Molion , such as, TO llyn DEBATE (20). 

Action on this motion con br dillrrtrd bll 0 . 
motion 10 RECESS (l ), which buausr illl ° Prillilrgrd Motion 
and voting requlremenls of each motion. NOTU : 
'wOTlON" means motions 11-2' are applicable. 

MOTIONS BY 
CATEGORY AND PRECEDENCE 

PURPOSE 
Of MOTION 

ClOSE MErnNO 

. DIY IDE THE QUESTION (12). Mofion (ll) can ilul! be suptrsrdtd be/ort the volt by " 

. immediate action. The table also tells ~he purposes, rules 
" I requires Imm«l lue action. II> "UKU SUUIDIAII Y 

NO 
TO RECESS INTERRUPT MEE TI NG NO YES 
QUESTION Of PIIIYILEQE ASSERT RIGHTS YES NO 
ORDERS OF THE DAY ASSERT RIGHTS YES NO 

1. May be used to arrange a special meeting. session to a close, then unnnished business can
It Is a required motion for an organization not come up unless Introduced by new mollons. 
without a regular time and place for assembly. l . "I move that we now take a recen (lor 

qutslion is btfort tht housr. 2. "I move that the the call of the Chair). (a) Amtndablt onlll as to tjL~~~~;Et~~1~~~~jif.1~::~~r;;~~~~it~f,~: I (a) Cannal be drbatrd if mOlltd whtn onothtr twenty min. or until one o'clock or subject to 
meetinl be adJourned." In a group that timt ... (b) Undtbatablt if another motion is 
meets regu larly, this motion causes the busl- ptnding. ' . " I rise to a qu estion 01 prlvll ele." 

01 the 
or they 

'"''' ""o:,.o •• _.l s defeated, 
group continues to discuss before the 
meeting, "Call" can be repeated again at any 
time. (a) 2fJ 1I0ir needed 10 change "orders." 

AGENDA : ORDER OF BUSINESS. A. IEOUENCE. 
call to order. 
Minutes of previous meeUnl. 
Reports 01 o,"cen., boards, s tandl nl com
mittees. 
Reports of specia l commllten. 
An nouncements. 
Unfinished buslnns. 

butlnns. 

come belore next meellngllS unnn- Any dis turbance to the group (e.g., noise, pres
If adjournment brings the ence of non-members, quarrels between mem, 

ASSERT RIGHTS YES NO NO 
,,"EAL DECISION OF THE CHAII ASSERT RIGHTS YES YES NO 

PREVENT ACTION YES NO NO 
PlE$ENT INfO . MATlON NO YEI NO 

WITHDRAWAl Of A MOTION PREVENT ACTION NO NO NO 
SPEED UP ACTION NO YES HO 
SIMPLIFY COMPLEX MOTION YES YES <a) YES 
ElEcnONS NO NO NO 
CLARIFY RULES YES NO NO 
COUNT VOrE YES NO NO 

POINT Of INfORMATION REQUEST INfORMATION YES (a ) NO NO 
CO .... lnEE Of THE WHOLE CONSIDER INfORMAUY NO YES NO 

. rill to a point ot order." (a ) TIle Choir's consldtred?" (a) If IJOtr is offirmatiue, "motion 
decision can be appealtd (See 7). When a mem- 10 ,uonsidrr" cannot be rrconsidertd again. 
ber thinks there Is a breach of order, he should , . Allowed If member desires Informallon. If an
Insist upon correction of any Irregu larities. other member objects, It must be put to a Vale. 
7. " I appea l t ram the decision 01 the Chair." 10. Once motion has been made, seconded, and 
Chair puts qUllsllon "Shall the decision of th. stated by the Chair, It becomes the prOI)tlr ty of 
Chair stand?" (a) Undrbatable if it concerns a the group and cannot be withdrawn except by 
lack of drcorum, busintss p'rioritll , anil iransgres- general ctlnsent. (a) Affirmative 110ft cannol be 
sian of speaking fUllS, or If proJ!Osed whilt there rtconsidt tl!d. (b ) ChaIT mall grant withdrawal 
is dillision of Ihe assemblll,or if made when tht rtqutsl. Yote nteded only if a member objtclS. 

qurstion which is pl!nding is undebatoblt. 11. "I man t ::.~t It:;h;'~',~":~''~'~;~~~:~~::f~~~ S. "I obj ect to consldentlon at the que$- be suspended." It Is not 
tlon." Must be Introduced Immediately alter blanket motion 
disputed motion has been stated and before tlon must be 
debate begins. Chai rman then puts, "'",""',., 
ctlnslderatlon to \'ote. " Shall t his 

DELAY ACTION . NO YES 
ClOSE DEBATE NO YES 

NO 
NO 

NO NO 
YES <al YES YES 

NO YES (a) NO 
HO YES NO 
HO YES (a) NO 
NO NO NO 
NO NO YES 
YEI NO YES 
NO NO NO 
NO NO NO 
NO NO 
YEI YES NO 

and speclnes the form 01 the 
second is neuuarll if compontnts are un · 

, 1]. " / nominate lor Prnl-
other o"lce)." U . " Mr. Chairman, I 

a pa rliame ntary Inquiry." Chairman 
may answer the parliamentary Inquire. (a) If 
information is appealtd, a majority 1I0tt follaws. 
15. "I call for division of the house" or "Divi
sion." (a) Chair must compill. Ii, " I rise to a 
point 01 Information." (a) SPeahr decidu 
whethtT to lIield to hear Iht question. (b) Set 7. 
17. " I mon we lorm a Committee 01 the 
Whole." No action can be taken while 
Is In this form. It must rise and 

'n' 

OIOEI "EVIOUI OUESTlDN 
EXTEND OR LIMIT DEBATE 
POnP'ONE TO A DEfiNITE TI .. E 

SPEED (SUPPRESS) DEBATE NO YES 
DELAY ACTION NO YES 
FURTHER STUDY (DElAY) NO YES 
MODIfY MOTION NO YEI 
PREVENT ACTION NO YES 

YES (8) 

YEI <a) 
YES 

YEI (a) 
NO 

(I ) Amendablt onl11 as to thr limit. 
n. "/ move that question postponed 
until ." Allows time for s ludy. 
(I ) Amtndablt only as 10 time. (b ) Debalable 
Onlll on proprietll of the motion. 22. "I move the 
question be referred to the com
mittee." (a) It cannol bt rtconsidtred once tht 
committet has btgun ils Studll. Committee can 
be discharged by a motion to th at purpose on 
a 2/3 vote. 21. "I move to amend the motion 
b, strlklnl out (Inurtlng, substi t uting)." 
Amendment must be No limit to 
number 

" 
I 

main question to 
opponents of main motion to 
group. (a) If IJOte is negalillt, 

;;P~;'jp.;;;;,;;;;;. cannot br reconsidertd; if af-
be. (b ) No subsidiarll motions 

~ .. o~.o,.,~".~:', "',; motion to "limit dtbale" or to 
of debate," or to "order Ihe 

prellious qutstion." 

CHANGE A DEOSION NO YES yEt YEI YES (a) 
NO 
YES 
YES 

YEI 
NO 

YES 
YES 

RENEW DISCUSSION NO YEI NO NO 
SPECIAL DIDEI or IUSINEU SPEED UP ACTION itO YES YEI YES 
DISCHARGE CO .... ITTEE SPEED ACTION NO YES NO YEI 

MOTIONS. (lO). NEW BUSINESS !f0 YEI YES ,.EI 
bodies, In social move to reconllder t he motion." One 27. "I mave to take (state proposal) from the a committee. 
tlons, It can be as low voted with the prevailing side must make table." 2'. "I move thll m atter (state resolu- vlous notlceha',- ' '"'.,''''' 
ship. The speclnc number a quorum this motion. (a) If question to be rtronsidered is tion) be made a specia l order at the m ee tlnl the motion : "It 
by-laws. (2) To open the meeting, the Chairman undrbatablt, mollon for I ' of ." 2'. "I move that that (statu specific action desired). Are there 
stands., raps the gavel, and announces: "The batabltj and lIice ve1sa. committee considerlnl be dil- remarks1" Once the motion has betn 
meetln, will please come to order." When no tillr, "repral" charled," or, " that the beln, con- It bectlmes the property of the group 
quorum can be had, he says: " As theft Is no stitulions sldtred by committee be broulht _:" __ "_,',:,,,,be withdrawn exeept by general 
q u oru m, a m otion to • d Jou r n Is I n order." l;::::!..~~::...t::.::::::::::":::::::::"'::L::::::::::...!:::::!::......;.t:.~t~h~,~n~':'~"~"-,T~h~'!' ~m~o~t~'o~'c'~'~'~'~O~I~be=..!",!!!"~r~"'::"''''::......;.-:!!!!!!!~!:~! • .!m~O~I~'o~n~Io~W~'~lh~'~'~'!W~, ___ _ The motion Is made by a member, seconded and 
the meeting Is adjourned by the Chairman. Approval of the the proposed correction (state the correction) 
t . CALL THE lOLL. Usually the roll Is ca lled only VII. AGENDA : MINUTES OF PREVIOUS MEETING. ~;ti!i;~'~:i'::tr,'f~~.~i,:;~',~)~~'~i~::,;"tt. ::List of motions be made ? Those In lavor ley 'a,e ' t hose 
If t here Is a question as to whether there Is a Minutn are the omclal record of the actions 01 their final dis- opposed, 'nay.''' The Chair announces the re-
proper quorum or to Identlly aU Individuals the group. They are read and apllroved at the of mooting. su its. The process Is repeated II other corrections 

and Hot present. (1) In openln,g of ea,ch meehtlng to establish continui ty minutes are arise. The Chair nnally announces: "There 
• the Chair ... . , 'w •. """'. ... 01 act on an to c eck on the group's afTalrs. ....., ,n' Ih' Ch,'r "nOll""', "y," h •• , " , , b' , h 'h' Reading the minutes may bo posLponod by a '<;, e nl no urt er correct ons, t • m nut .. 

majority vote but then mu st be read at the be- tened to the m nutes. Are there any conec- stand approved as corrected,u NOTE: Minutes 
ginning of the nellt meeting. Chairman: "The Uons ? (The Chair waits). If there are none, the may be corrected at any time, bul if alrtady 
Secretary will please read the minutes." mInutes stand approved as read." (Approllal is opprollrd, a two-thirds vote Is required to 

gillen by siltnt consenl.) U corrections are sug- change them. If notice of the desired correction 
A. CONTENn Of THE .. INUTUIEPOIT. (l ) Nameof gested, the Chair Instructs the Secretary to Is posted or distributed for the membership to 
the group. (2) Kind ofmreting, i.t., rtgular or spr- make them. Should any objection to the correc- read prior to the consideration, a majority 
cial. (3) Place, date, and Ume of meeting. tlon arise, a vote must be Laken. Form: "Shall vote sum ienL 



VIII . AGENDA : REPORTS OF OFfiCERS, 80ARDS, STANDING 
COMMinEES. A. EXECUTIVE UPOlrs. Fonn al accounts of the 
c tlons of the elected om cia Is. 
~ EXECUTIVE ANNOUNCEMENTS. Omcers, boards and standing com
Iittees have \'ested power to act. Such officers and boards must 
tport to the group to Inform them of those actlons that are 
Indlng on all members. 
:. DUEl AND rlOCEDUIIE or IEPOIITS. 
1) I'IIEUOEHT. " The President wishes to report that .•. 
Z) YICE- I'IIUIDEHT. Chairman: " We will lI. t , n t o the report of 
he Vice-President .. • " 
tS) SECRETAin' (011 CORIESPONOIHCi SECRETAIIY). Chairmant " Mr. 
.ertt.rr. I, th, r. anr corru pondene •. " The Secretary reads 
III communications. U action Is !'e<lulred on them, the Chai rman 
elers the matter to the proper committee or It may be taken up 
.s new business. 
j4) TIIEUUIIEI. Chairman: " We will now hIVe the report of the 
reuurer." The Treasurer SI)Caks standing: " Mr. Chairman, 
Ihe ballnce on ha nd II ... , recel ph ... , etc .... " 
15) lOUD or DIRECTORS. Chairman: " We hIVe received the follow
n, commun ication from the Board." or, "The BOlrd of 01-
t cton wllhn to report on Its meetlna: of (date). Mr. __ _ 
,lIIlpuk for the BOlrd." 
.. STANDtNIl Co.UllnEES. Same category IS committees "em
awered to act." Standing means appointed ror the year or en tire 
ession (Membership Committee, etc.). Protests madc against 
,etlons of a committee take the Corm of resolutions and apl)Ca ls. 
See lULE Dr MOTIONS) The Chairman reports: "The followlnr 
!Ction hn been taken br the committee on ... " 
IX. AGENDA : REPORTS Of SPECIAL COMMmEES. Special com
nl t tees are eml)Owered by the group to study a pfOl)Osal and 
IUbmlt their nndlngs. Their role Is adylsory and they do not ha\·e 
Ibe "power to acl." Such committees can be appointed by the 
; halr or by a majority motion Or the group. To &fold lie votes 
In a committee, s taff with an odd number of members (3, 5, 7, 
ItC.). NOTE : "Min orit!l reports" rellect disagreement In a com
nlttee; their recommendations are treated as amendments to 
,he main report. 
It ronl. Committee reports shou ld contain: (1) Problem assigned 
tnd reason. (2) Approach used In seeking solutlon. (J) In forma_ 
lion gathered. (4) Recommendations. 
• . GENUAl IULES. (11 All spedai committees shou ld keep the 
'resident Informed 0 their progress and should report at the 
neetlng that coincides with complellon of their work, or when 
Ihe matter assigned to them requires action. (2) Members should 
)C ath"lsed prior to the end or a meeting that speclnc reports will 
)I! dell\'ered at the next meeting and a listing shou ld appear In 
lliat agenda. (S) A copy of e\'ery ~port shou ld be Hied with the 
iecretary priOr to the meeting. (4) Important reports may be 
lupllcated and distributed to the membership or read a loud at 
ilie meeting. (51 U a previously accepted repor t Is to be a ltered 
. r eJpanded. on y those parts related to the change need be read 
10 the membership. 
t. AtTION . (1) A special report Is aduisor!l and does not require 
the voting acceptance of the group. Ho\O,'e\'er. the person presen t..
jng a report may mo\·e: (a) thaL It " be received Ind pined on 
III." In which case It becomes part of the record of the meeting, 
lit) that It "be accepted " In which case a favorab le \'ote Indicates 
iIIe membership appro\'cs of the nndlngs and recommendations 
lnd will act If necessary. (2) Shou ld there be no recommendations, 
iIIe Chair Inquires: " Are there a ny specific recommendatlonll 
If recommendations are made, the Chair announces: "You hne 
heard the report of the committee. What Is your pleasurel" 

X. AGENDA : ANNOUNCEMENTS. The Chair men tions Item s of 
interest and events submitted to him. Shou ld there be none, he 
Inquires: "Are there any announcements to be m.de It this 
Ume1" Good announcements contain fh'e elements: " Who, 
What, Whlre, When. and Wh!l." NOTE: Informal questions and 
Uscusslon of the announcements are In order at Ihls time. 

XI. AGENDA : UNfiNISHED BUSINESS. A. tON110UATION . Unnnished 
ouslness Includes matters undisposed of. matters postponed to 
this meeting. and matters set as general OI:ders of the day. When 
1 motion Is Interrupted by adjOU rnment, It becomes the nrst 
order of business after the reading of the mi nutes at the next 
iJ\eeting- lt Is as If there had been no adjournment. Such ques
Uons are ealled "unfinishttl businus." At the appropriate point 
In the meeting, the Chairman must state: "Is thue any other 
, Id or unfl nb hed business to b, illCted upon before we mo" 
to new buslnessl." 
t. DELAY. Should some preSSing cu rrent bUSiness arise, the old 
luestlon may be postponed- but only temporarily- until the 
more urgent business Is settled. The Chair announces: " In order 
to proceed to the more ur,ent bUll ness of (stating urgent busi
ness), , motion to postpone (stati ng old bus iness) II in order." 
H the motion Is made. seconded, and receives a majority vote. 
Chair so acts. Otherwise, the "unnnished business" has priority. 
XII. AGENDA : NEW BUSINESS. New business means any proposal 
110t prewlously considered by the group. It Is Introduced In the 
form of motions. In addition to the membership. the Chair Is 
,rl¥lleged to suggest new bu si ness and to hold Informal diSCUS
lions on a topic before a formal motion is made. Chair: "New 
aUllnen Is now In order. Whit Is your plealure? " NOTE : If a 
,peclal program Is on the agenda, the Chairm an may turn the 
;neetlng over to the Program Chairman to preside. Arter the specia l 
uogram, the regular Chairman resumes his role. 
XIII . AGENDA : ADJOURNMENT. A. TYPES. A motion to adjourn 
has highest precedence. It Is In order at any time bu t It may not 
Interrupt a speaker or voting. There are two types of adjournment 
motions: (1) To adjourn until the next regular meeting; (2) to 
adjourn to speclnc time, and/or place. The second motion has 
prlorlt~ oYer the ftrst and Is amendable concerning time and 
place (but not to the issue of adjournment) . The nrst Is not de
batable and hence not amendable. A ftnal ad journment dissolves 
t he group and Is termed "adjournment sine die." 
I . rOlM. (1) SIMPLE. Chair: " There beln, no other bu sl nns, the 
meetlnl l ta nds adjourned." Or. "The motion to adjourn hIS 
been mond and seconded. All In fawor ny " aye"; those op
pOled " nlY." 
(2) MODifiED. " I move that we adjourn until Mondar at 2 
o'clock It Jonn Pavillion." Chair: " It hal been moved Ind 
leconded that we adjourn until Monday at 2 o'clock I t Jonn 
Pavillion. Whit" your plellure1" Discussion rollows and a 
majority vote prevails. The Chair announces the time and place 
of the noxt meeting. 

XIV. PRESENTING A MOTION (WITHOUT AMENDMENTS ). 
l . PUR POlE. A motion is the means bJl which action is attainttl. 
Informa l discussion helps develop opinions. but to get action. a 
motion must be Introduced, seconded by another member (except 
for nominations and privileged motions), and rc-s tated by the Chair. 

All motions shou ld be expressed In the affirmative. 

I , THE IDLE AND IHFLUENCE or Tr E CHAIRMAN. The Chair 
has the authority to close the genera discussion and ca ll for a 
SI)Ccllic moUon: "The Chair will entertain a motion to ... " 
(Only one motion can be entertained at a Ume.) (1) Aftcr motion 
Is seconded. the Chairman may explain or give Information con
cern ing lhe e!fect of the motion. The question Is then open lor 
concentrated deba te (Set XVI) by the membership. (2) A skilled 
Chairman tries to anlicl pllle problems and al'old them . When 
the motion suggested Is too conwll caled or In Im ll ro l)Ct form, he 
suggests It be reworded. I/e tncUu lly explains the dlnl cu lty the 
Improl)Cr mo tion would encoun tcr. 
e. ,.OCEDUU: (1) Member rises and addresses the Chair. 
(2) Momber Is reoognlzed by Chair: "The Chair reco, nlru Mr. 
Smith." U the Chairman does not know the member, he says: 
" Will the member plelle I ta te his na ml," and then recognizes 
him. (1) Member states his pl'Ol)Osal: " Mr. Chalrmln , I move 
thlt ... " (4) The Chair ca lls for a second and a member seconds 
the motion. If no one seconds the motion, the Chai r repeats his 
reques t : "II there a lecond lor the motlon7 " If no second Is 
forthcoming, the Chair announces: "The motion" lost for want 
01 I second." (5) If seconded, the motion Is re-stated by the 
Chair: " It hiS been moud and seconded th't ... " (i ) The Chair 
conducts the discussion (See X V I ). (7) The Chair puts the ques
tion to n vote (See XVI II ). (I ) The Chair announces the result. 

xv. AMENDING A MOTION. There are four basic methods of 
amend ing a motion: (1) To amend by Inserting. (2) To amend by 
adding or pl l\clng at the end. (l i TO amend by s triking out and In
serting. (4) To amend by subst tUllng a paragraph. 
A. rORM: " I moye to amend Ihe main motion by (inurting) 
(adding) (s trikinl out and insuting) (substituting)." The Chairman 
conducu the d scussion and then says: " All In fnor of the 
am endment to (slaUng change) ,ar 'aye'; III those opposed 
.ar 'nay.' The 'ayes' pron it Ind the amendment II carried" 
(or vice versa). The question now Is on the total resolution: " Re
sol wed that .. ." Chairman reads the resolution as amended. 
t . AMENDING AN AIIENDMENT, The main mOllon can be amended 
and the amendment may In turn be amended. Amendments can 
only go to the second degree. For example, the main motion Is 
Prol)OSOO: "/ malic that the Club donate $100 to BO!ls Town." A 
motion can be made to amend the main motion by striking out 
SIDO and Inserting SM!. An amendment of the amendment Is pro
posed that SM! be strlken out and $25 be Inserted. This amendment 
Is In order but no amendments relath·e to the $25 can be ol'lered 
at this time. 
C. IOLE or THE CHAII. The sk illful Chairman can avoid confusion 
by simplifying the amendments and by using set forms when 
putting the question to a vote. Using the examille abo~e. the 
Chair would put the following Issues before the group: (1) Does 
the group wish the $25 to be the amendment? " It has been mOllttl 
and uconded that the amendment be amended by striking out S50 
and inserting S15. All in fa~'Or of the amendment reading U S sa!l 
'a!le'; those opposed, say 'nay ... • (2) If the amendment of the 
amendment carries. should the S25 become part of the main 
motion? (3) If the substi tution of $25 tails In amending the 
amendment, then the second question would be whethcr the $50 
should become part of the main mOlion. "It has betn mOiled and 
seconded to amend the main motion b!l striking out S100 and in
serting S50. Alt those in fOl.lOr oj the main motion reading S50 SO" 
'a!le'; thou opposttl. soy 'na!l.''' (4) The amended mOllon Is then 
open to discussion and other amendments using the same process. 
D. CUMANE. There is one restriction on an amendment. It mu st 
be ",ermane," I.e., it must be re/eIX/ntto, or intrinsicallJl auociated 
with, the main proposal. Howe\'er. an amendment may be "hostile" 
to the main proposal and s till be germane. A motion "to raiu the 
dun" cou ld be amended by s t riking out " to raise" and Inserting 
"to lower." Howe\·er, the motion "to go on an outing" could not 
be amcnded by add ing "and to elect a neUl secretary." This amend
ment Is not germane and therefore would be out of order. Chair
man: "Since t his I m endment II not ,ermane to the main 
motion, It Is out of order." 

XVI. DEBATING A MOTION. A debate ensues on ly If the motion 
Is classlned as debatable. 
l . lULU, (11 No member can speak without nrst being recognized 
by the Cha r. (21 The Chair should nrst recognize the original 
mover of the mot on. If he wishes to speak. The Chair should try 
to alternate the speakers. pro and con. (3) No member should 
speak a second time until a ll members who wish to speak ha\·e 
had one chance. 
I . tHAIIMAN'S O,IIUONI. The Chairman cannot discuss the merits 

of the motion nor enter the debate without nrst appointing a 
temporary Chairman and yacallng the chair. (A fter the \·ote on 
t he molion. the origi nal Chairman can resume his place.) 
t . TEIWINATING THE DelATE. (1) The Chairman can attempt to 
terminate debate by ask ing: " Is the membership rudy to act 
on the questionl " It there Is opposltlon, he may call for a voice 
\·ote or a show of hands. The Chair should not act until he reels 
that the question has been debated adequately. (2) A member 
may move to close the debate by saying: "I mo .. the prnioul 
question." Such a motion cannot be debated and must be put 
to a \·ote Immediately. It requires a 2/3 vote. 

XV II . VOTING PRINCIPLES. l . M,yORITY VOTE. Usually used In 
normal procedures with no complications. 
I . TWC)..THIIOS VOTE. Used In all situations where some right of 
the membership Is curtailed and/or a change or law or constitu
tion Is proposed. 
t . OErlNING nt£ VOTE IIAI"N. The by-laws of the group should 
state the conditions under which one of the following methods 
of determining the vote applies. (1) TOTAL VOTEt CAn. Example: 
Membership 100. members present SO- votes cast 20. Needed 
Majorit!l :::: 11; two·thirds :::: U . NOTE: Illegal votes are counted 
In determining tolal votes cast. Blank VOles and those present 
and not voting are not counted. 
(2) TOTAL VOTES Of THOSE 'IESENl. Example: Membership 100. 

members present 80. Needed Majorit!l :::: 41; two-thirds :::: 5~ . 
(I) TOTAL VOTES or THOSE I'REUNT AND VOTING. The situation Is 

similar to that of (I) above, ho~'e~e r, the term "present" pro
hibi ts prox!l voting. 
(4) TOTAL ¥OTU or TOTAl MEMBERSH IP (OR nOCKHOLOERS). Ex

ample: Membership 100. members present 80. Nettled majority 
:::: 51; two-thirds :::: 61. In this situation If 60 members were 
present and a ll voted ror a measure that required a 2/3 vote, the 
measure. not receiving the required 67 votes, cou ld not be passed. 
0, ,.EUMIHARIU, (1) The matter to be voted upon must be re
stated by the Chairm an ror the membership. (2) The Chairm an 
(or any member) m ay challenge the right or anyone to vote by 
checking his name In the roster. (3) The membership should be 
advised by the Chairman whether a majority or 2/3 vote Is 
nceded to pass. 
E. CHAIIIIAN'S VOTE. Chairman a lways has the rlghtlO vote but 

usua lly does not (except in cast of a lie or if he is tI stockholder). 

XVIII. TAKING THE VOTE. A. VOTE BY llLENT AnENT (GENEIll 
CONSENT). (1) On routine matters and thoseot millor Importance, 
the Chairman may use silent assent. The Chairman says: " If 
there Ire no obJections, we Ihall consider thll matter ap
proved." (2) If one member objects, there is no longer silent 
assen t and a formal Yote must be taken. 
I , VOICE VOTE (YIVA VOCE ). The Chairman calls for the yole by 
sayin g: " Allin fnor , lIy Ire; all opposed , IIr no." The Chair
man must always ca ll fo r t he "no" VO lCS. A \·olce \'ote Is not 
effcctlve untlllhe resu lt Is announced by the Chair. 
c. YOTE BY DIVISION or THE HOUSE (RAISIN; OF HANOl olnANOIHG/ _ 

These methods are effective ..... hen a member requests the Cha r 
to check on the accuracy of a \·olced ,·ote; the appeal Is usually 
granted. (1) Either method can be used at the discretion of the 
Chairman (unless the matter requires a secret ballot). The Chair
man says: " All In Ilyor ste nd (or ralle your hand)." The ,·ote 
Is counted. "All opposed stand (or raise your hind)." (2) In 
small meetings. both the Chairman and Secretary count each 
category of Yotes. In largc lllC!Ctlngs. the group Is divided Into 
sections and tellers apl)Olnted by the Chair reJlOr t the \'ote back 
to a chief teller or the Chai rm an. 
O. VOTE IV ROLL tUl. (1) This method Is used when It Is necessary 
to know where each member s tands on the question. (Requires 0 

motion. a second. a majorit!l I.IOte to carr!l, and the mofion itself is 
undebatoble.) (2) The Secretary calls each member by name and 
records his vote. A member can abstain from voting by answer
Ing " prese nt" or " not yotlnr" Instead of " yea" or " nay." 
(3) At the end of the roll call. Secretary asks If there are any 
corrections or changcs. Members may change their votes prior 
to the ta lly (unless the IIDte is b!l ballot). 
E. VOTE IV nmEN (SEClEY) BALLOT, (1) This method Is usua lly 

used when emotions and personalities are Invoh·ed (contested 
elections, disciplinory action. admitting new members, dC.). NOTE: 
A member may mo\'e that any \·ote on an issue be taken by 
written ba llot. The motion Is undebatable and must be carried 
by a majority vote (voice or division of the house). (2) To record 
a written \·ote, the Chairman appoints teilers to distribute 
uniformly sized sheets of paper. The members ..... rlte the name(s) 
or Issues to be \·oted upon and their "yea" or "na!l" mark next 
10 each. Before the te llers collect the ballots the Chairman In
quires: "HII everyone entitled to yote done sol" 

XIX. AfTER THE VOTE. (1) As soon as the vote Is counted by 
the tellers and the Secretary, the Chairman addresses the ap
propriate statement to the members: " The ayn hive It." "The 
resolution is adopted ." "The motion hll been defeated." " Mr. 
Smith hn been elected." , etc. (2) The Chairm an also announces 
the exact number of \·o tes cast. number of yeas and nays or. In 
an election, the number of votes received by each candidate. 
A. CHULENIiING THE VOTE, If t he Chairm an or any member ques
tions a vote,he may demand a recount . If there Is further dispute. 
a roll call \·ote may be used or new ballots distributed. 
I . TIE VOTE1. Tie votes defeat the motion or resolution except In 
the following: (1) A tie \'ote sustains the Chairm an when one of 
his decisions Is challenged by the membership. (2) The tie \'ote 
endorses an action a lready taken by an officer. 
e, tHANGE or VOTE. (1) A vote In written torm can never be with

drawn or changed once It Is In the hands of the teller or has been 
dropped Into the ballot box. (2) If a tie ~ote Is the result of divi
sion of the house, any member may r ise and change his \·ote. 
(1) A member can rise to change his "ote after the house has 
been dh'lded If the results have not yet been announced. HOIlo·ever, 
If the tally Is not a tie, a member may be permitted to change his 
vote only If given silent assent by those present. If there Is an 
obJection. the member turns his request Into a motion. It must 
be seconded and carried by a m aJority. 
D. fOLlDW- UP ACTION. (I ) If the motion Is carried, the Chairman 

Ins titutes the necessary action, committees, changes. etc., to 
carry out the Intent of the motion. (21 All aspects concerning the 
matter under conSideration are con l nued until all related mo
tions hue been debated and \·oted upon. Then the Chairman 
progresses to the next order of business In the agenda. 

XX. NOMINATIONS. A. SPECIAlIULES. Check the constitution and 
by-laws for any specia l Instructions co\'erlng nomination and 
election procedure. 
I . NOMINATIONS BY tOMMmEL (1) A nominating comm ittee can 

be appointed by the President Or elected by the membership some 
months prior to the elections. Its function Is to present to 
Ihe membership a s late or nominees for the various offices. 
(2) Names can be suggested to the committee both by committee 
members and Individuals In the organization. 
C. NOMINATIONS IV ,nITlON. A certain number of signatures on 
a petition delh·ered to the secreta ry can place names In conten
tion wit h those or the nominating committee. Both sets of 
nominees must be made known to the members at election time. 
o. NOMINATIONS rlow THE FLODI. When nominations are per· 
mll ted from the noor. the Chairm an announces: "Nominltlons 
Irom the floor are now In order." A member ra ises his hand, Is 
recognized, and says: " I nominate Mr. __ lor the position 
of . . .'. The nomination need not be seconded but must be ac
cepted by the nominee. If he declines the nomination. his name 
must be wi thdrawn. 
E. NOMINATING ,'EECHES. There may be brier nomin ating speeches 
(5-10 minutes) by usually no more than 2 members supporting a 
nominee. Some organizations forbid sucn speeches in by-laws. 
f . CLOIIN; NOMINATIONS. (1) Nominations for each omce are 
listed separately (preferably on a blackboard) and noted whether 
they are by committee, bJl petition, or f rom lhe ftoor. (2) Aftereach 
list Is ready. the Chairman asks: " Are there Iny lurther noml
nl tlonl7 " If not. the Chairman calls for a motion to close the 
nominations. If carried, the Chai rman calls for the election. 
i . IEOPENING NOMINATIONS. A motion to reopen nominations (not 

deba table, requires a majority vote) Is In order: (1) If the election 
was uncontested (See XXI) and the meeting has not yet pro
ceeded to other business. (2) If the election was contested (Sec 
XXI) but the ballots have not yet been distributed. 
XXI. ElECTIONS. A. UNtONTESTED ElEtTION. If there Is only one 
candidate for an office, the Chairm an can declare him elected 
without balloting. If the organization perm its absentee voting 
(write-in votes), the secret ballot must be used even If there Is oniy 
one publicly nominated candidate. 
I . CONTESTEO ELECTION. (1) More than one ca ndidate for a position 
requires the use or the written ballot. Un less otherwise stated. a 
majority (OIlCT 50%) elects the candid a tes. (2) If there Is a tie 
vote. addi tional elections are held until a majority Is received by 
one name. Tie votes can also be resolved If one of the candidates 
withdraws prior to a new vote. 
C. SEQUENCE Dr BALLOTING. If more than one position Is to be 
nl1ed: \1) There can be a separate election for each JIOst with the 
ballot Istlng only the candidates concerned and the result an
nounced after each count. (2) A single ballot may be distributed 
with the members yotlng tor all candidates at one time. 
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---- 1 __ VIEW or THE ClITIOUE OF ,UIE IfUON. (1) MATUIIE :; 
• METAPHYSICAL SCE,nOSM. A. HUll£. Met_physl_ knowable world of appearance, phenomenal wor ld 
cal knowledge Impossible. t. UIN"', AVO. Meta- governed by n(!(lossary lawi. (2) REALITY = nou
physical statements meaningless. C. WITTGIEMITEIN. rnana' world or thlngs.-In-themselvns. unknowable 
Metaphysical problems due to misuse of l,nflUage. by theoretical relson . But Since morali ty presup. 

__ 2 ~ po- Cod, freedom, and Immortality, we mus t pos-
• METAPHYSICAL DUAUSM A.THEOlOGICAlOUAlIUf lu lato Iha,t reality Is essentially Iplrltua.l: "I hal/fl 
The two ruIs are God and ~.tl.lr.. (AquinQ.!': God -";oi:u;:O~ nlr~:u:J"'~~ d:.nV~*ilr~:T~~~tr J~ 
transcends nature, as Creator transcends created). RANltENDENt Al ~EALlIM. Must dl5t1 nJu lsh object 

U (1)EXISTENCE OF ;OD. (a) COlmolol lcal Arlument: or experience from thlnl.I ... ltselt. "ObJrc/s of upra- EIlstence or Ood Inrerred rrom necessity 01 assign. ritnce ... art ntlltr gilltn in thtmltllltl, bul onlv in 
_ ~ Ing a tint or luprrme ause: Why dou world uil" experience, and hour no uiltrnct oulsidr il. Thr non
.. UII ~elther any part nor the whole can be the cause 01 SIns/bIt cault of thnt rtprtHnlatiOnl if rompltttly 
OCI Its own existence. Hence there must be a cause not unknown 10 us, and cannotlhtrtfort bt in/uUd by "' m..l Identical with the ..... orld, namely Ood. (b) Onto- as on objtcl." C. PlOILEM OF SYNTNETIC A PI tlft l 

a, 101leal Ar, uml nt: Ood's existence rOllOW5 Ir.; ,n ~he KIIOWLEDGE. In mathematles and found ations of 
~ennltlo~ or analyS!S of .the IdO:l of God: pt rftctron Iclence we haYe knowledge which Is 'ynthetlc. The 
u an attT/butr rontarntd rn lht /dta of God (Implies predicate 01 synthetic judgment adds something to 
Ood lacks nothing). To exist Is more perfec t (com- Its subject (1 +5 = 11; all bodiel hOlle weight). Ana
plete) than not to exist. Hence God exists. (e) Tlleo- I)'tlc knowledll, Inatead, II empty because the 
101lui Ar,ument: Existence 01 Ood Inferred from predicate of an analytic Judgment merely repeaL$, 
evidence C! f .order, desla: n , purpose In the ..... orld: analyus, Its subject (7+5 = 7+5,' all bodit, halle 
World uhJb/1s order. Where there Isorder there Is an utrn.rion) MONlOI'er such synthetic judgments are 
orderer. Hence there must be an orderer of the a priori , hence they are necuury and Unlwe".I, 

IoU • "'orld, I.e., God. l. MIND_MAn£l (nytHOPHnltAL) and knowable Imlependen t ly of experience. 1I0w Is 

~ ~ ~~:~u~i:f~ t1H:h!:~h~~~;:;'~~~:; !~~t;~~~I!n:t~ ~tll~arp~~:~r.I~: O~Ph~,tt:;~r~~~i~'a ;~i!r{j~:=: 
CI:t: admits (a) Ood as the third rea l and (b) two kinds ment.,PD"lb e? Answerglvenln TransundrnlalLogit. 
.... c 01 substance~. (2) THE TWO MINDS Of SUBSTANCES. D.KAN"ln"NICENDENTALLDlIIC. (l)TlI"NstENOENTAL 
~:=. Mind (ru togrtanl = thinking substance) a.nd body AESTHETIC. Studies form s (sP<l,e, lime) of "ten. l
~ ~ (rn ulensa = extended substance). Mrnd has bllll),." Mathematical knowlodge a priori Is possible 
En 00:: thought. Including 11'111; body hIlS extension, figure, because space lind time are tonns of Intuition. 
CI;::::: motion, divisibility, etc. Iso-called "primary quall- Oeometry Is possible beCIIUse 'P<ltt II a torm 01 the 
w tlesll

). Body and mind Interact causallyj seat of mind Imposed on external objects of sense experl
!t;5 Interaction Is pineal gland. (3) DESCARTES' PROOf enoo. Arithmetic Is IlOsslble bocause time Is the other 
en >- THAT MIND IS INDEPENDENT Of BODY. I can doubt (internal) form of m ind Imposed on all experienced 

existence of my body, but can't doubt my own oxls- events. We oan know a r.riori those conditions (forms 
tence as a thinking bolng. It I doubt, I t hink, hence 0/ ,pau and time) wh ch the mind Imposes on all 
I ellst. (Colito er, o sum: T think, therefore I am.) things before t hey can be Its objects In experience. 
Hence I am a thinking substance essentially; as a (2) TR"NSCENDENTAL "N"LYTIC. (a) Scope: Studies 
pure thinking being, I do not need body to exlstj undentandlnl or "Iponta nelty." Basic a priori 
hence my thinking salt Is subsLan tlaliy different prlnelplcs or Nature (e g law of caulalitll) are pos
from my body. C. FORII- M"nEl (KYlOMOlPUIC) sible beeause thc humiui'm lnd Imposes a cohcrent 
DUA LISII, The two rea ls are torm (idea, universo/, structure on objects of cxperlcnce to mllke them In-

~ • • 'trudure) and m atter (1Iuff). Fonn more real thlln telllgible to understanding. Undertt a ndlna: = law:=: ~ matter. (1) PLATO'S CONCEPTS. (a) World ot I t erna l Ilnr of Nature. (b) Catelorln: E~perlence Is 
~;. Idlal or Forms II l uperlor .to chanl lna: wor ld ot orgllnlUld by "Ichema/a" according to 12 basic con
G..::i Mn_sp.rlen ee. True rtalrl~ = universa l Idea or ccpLS-the "cablorln" (e.g., unily, rralily, ,ausal
~ ~ fonn of whl~h .~rcelved. thl!!gs a~ Indlyldual In.- iI/I, nectnit/l, etc.). Unity of total organlutlan of 
Ii: Ioh stances: an rndunduoI ammol /I on rnllonce of a um· experience by categoreal schematlsm presuppose!! 
~!: versalform or Idta of itl Iptciu. (b) Form II luplrlor t ran.cend, nta l unit)' at a pperception (nlf-ton
u en to the chan,ln, thlnll 01 the world. Form Is per· sdouJnen). This Is the u ltimate condition Of ex
lIiII: ~ fttl, part.lcul,:r .thlngs of sense-experience are not. perience, that It should be a single coherent experl_ 
!:=! oot: Fonn Is rntellrgrble,' particulars not completely so. ence of a unitary conscious self. Kant's catelorln 
~ 10,; r.rtlculan " partiCipate" In forms, are renec tlons represent 12 dlnerent connected ways In which the 
C7 of Ideas, "Imitate" them. Form, Idea = arthttype mind organizes eXperience. (3) TlANSCENDENTll 

or model on which particulars are patterned. DIALECTIC. (a) Scope: Studies rialon (beyond fanns 
(e) Hllhut Idl e = Idea 01 Good. Other Ideas fonn of sense.experience and categories of understanding). 
a system below It. according to degree of t heir unl- A critique of reason' , natural illusions such as 
versallty, Intelligibility, perfection. (2) ARISTOTlE'S the proof of the uni/v of (ht ilKlrld, of God, immor
CONCEns. (II!) Truly ".al thlnll are Indlyldua l .ub_ talitv, and free·will. (It) II a transcendent meta
stanea.: thIS tree, thIS man, God. (b) Sub.tanc .. : phYII" ponlble? ("Tron.rtrndtnt" = knoll'ltdge 

a:: _ (ucept ellvlne substances, which are pure forms) profeuing 10 JlGn btyond limill of ezptrirn't.} The 
are analyzable Into form and molter, according to answer Is no. We suner lrom " tranicendenbllllue ~ the dlttlnctlon of actuality and potentiality In Ilon" In attempting to appl.r categories of undrr. 

::a:: ~ them. (c) Form = principle of actuality In a sub- Itanding to thlngs-In-themselves In a no .... mplrl. 
:; .... It.nOC, In virtue of whiCh a thing Is ar function s as cal way; the categorle! are legitimate onl.r when 

~ ; ::l!~~laW~i, ~~b:f~t~~~id~h~chtt:fthtrft~:~P~a~! :g~~I::e ~X;:~~:~c!~h:~e;:x::C~i:tre~MOt~I~~~~ 
~ .... fonn , can be this or thatj the substratum In w.hlc~ ot rea.on or tranlu ndental Ide .. (e.g., idrol of te ~ fonn Is present and actuallUl(i; Form of man IS hrr Stlf World God) (e) Con .. qu.nces· Each ot these 
IoU c::J loul, mallrr of man il tiuues and ofgonl of his bod/l. Ide;, of rra~on IJI~es rise to a metsphyslcal science: :=."!: In substance, matter's potentialities are aatuallUld about the Sou l (ralional pS/ltholDgJI), the Universe as 
:E ~ In elevelopment of fonn. (S) lJIISTOTlE'S fOUR CAUSES. a whole (ra/ional cOlmologV), God lind his attr ibutes 
e:l- (a) Formal Ca use or En.nce: The form In the t hing (tran'tfIlndtntal theology). Such dogmatic sciences 
r:L.:E It.sell, making It what It ISj Its structure, (b) Etfl- suner lrom Inevitable fallacies due to failure to 

clint tau ... : The fonn In another thing acting on note that caltgoriu of understanding have no 
the gI.ven .thlng and .Ind,:!clng charyge: the arl of legitimate use except In re lation to experience. 
Po!ydrtu, rs the form In hIS If!ul, at/lng Ihrough ~u (d) ConclUllon :Trallsctl1dent metaphysiu Is Impos
!kill on marble /0 rnduce Ihope In Ihe marble, resultrng sible as knowledge. Morality, religion, art presupo 
rn statuto (c) final Cause: Ferm, end, goal tor the pose Ood self and the world at free spiritual 
sake of which a thing exists or a chan~coccurs (can belng~u'nkno~able through theoretical reason. 
~ In oroutof th~ th.lng): atom growl.tntood. hro!f. ___ 5 ____ 

ffi In" towo~d actualrzalron ofform of oak In mallrr oval/· • OBJECTIVE IDEALISM A CONTENT Nature though 
en txI ~~:IJ~ ~~. o~j!'cfso~~~V~~(~)c~::e~lfar~a~~Ic;e~shi~ an appearance, Is not merely the s~bjectlv~ m lnel's 
~ ~ out 01 which a thing comcs or Is made and that re- toille 01 consciousness, but a manifestation In Its 
c:E mains In the result as substratum ' marblt i, Ihe own right of an under lylnglplrltual reality. Hence 
5 ~ ma/trial cause of a Siaive wood is moieriol COUIt of a ~ature Is relRt!I'ely Independent of the subjective 
~:;) tr". (4) NED-PLATONISM ' (PLOTlNUS). (a) Ultimate mind; the underlying reality manifests Itself both 
~ c a.allty - t he InelTable One source ot all being In ~aturo and 1tllnd. I. PLURALISTIC Oa"ECTIVE 
..... >- goodnesS:-beauty truth The universe Is an "emana~ 10EALISM (MONADIIM). L£IBNU. (1) MON"DS. World 
C7~ tlon" from the One, a'descent down the scale 01 consists of InYlslble, eternal substances, no two 

IoU being, each lower level being an Image reHecting alike. All material qualities are only the outward 
:c (~rticiJlGting in) the next higher. (b) Sucuniva appear,~nces arl~~ng from these centers of activity 

Llva": (I) One. (11) Mind (Nous). (III) Soul (Psyche): called monads. Each monad Is like a unique soul 
Physleal world of na/ur, = descent of soul Into governed by an Internal prlnclpleof change appear
matl~r; a lall, bringing evil. (Iv) /lfatlrr = lowest or Ing In de.lr ... Monads torm a continuous greda
outermost limit; "Indeterminateness and nolhlng tlon from th~ leas t a~tlve ~ ~ho most perceptive 
else'" u ltimate darkness Into whleh being radiates minds (God /I gOllernrng pnnnp/e of all monadl). 
(e) Afan = sou l fallen Into matter. His salvation; Monads are spiritual substances or Indh'ldual 
to rise to ultimate union with the One. (d) Stagts of atoms of being-each complete In lI.selt, ~Imp!e, ma: Alcent (I) Moral purlneatJon of the sou L (II) Philo- Indecomposable. Immortal; each different (,dtntrty 

ZW sophlC~1 thinking moving upwards to dlaledlc: of (ndluemiblu). Each "represents" the unlyerse 
-a, ostrn/ in mind to romprehtn,ion of unity of knower by the aetiylty WIthin Itsell. (2) I'IIE· ESTABLISHED 
cC CI and Mown. (III) Ecstatlc IdenUncation with theOne. HARMONY. No m~nB;d really aets externally on a.n-I- a, ___ 3 ___ other for, as Lelbnu states, moneds have no "wrn· 
2 • IDEALISM Reality essentially mental' matter dOl"I and no doors" through which elements might 
00 not ultimately real A SOLl"ISM f,'ymlnd I; the 0 ly pass In or out. Instead, there Is pr ... utablilhed 

U Z relllt)" all else exists" In It as lis Ide Thl. t~ ha rmon)': the world of monads Is like a sYltem or 
ns a a. n S, 0 er synchronous clocks j each monad tollows Its own :r::o No Pr:Ur:::or:h~~P~ds:;::~I~I~1 ;~~~I~nml~ o~~ Inner law of deve!opm~nt, but corresponds with 

merely Individual sense of stlf. (1) SCHOPENHAUER. every other monael s ~e~elopment. Hence hannony 
The World Is my Idea - lele f MI d (2) FlCHTE or r:nechanllm (phYI"ollawl) and te llolol)' (pUf' 
Doctrine of Absolute Ego ~s :bSOI~tfj SolipSism: posrllent~l) In wor ld : the Klnl dom of Natur. 
Sole true reality Is the Ablolute Ea:o, or God, of (mechanrtal laUl) harmonizes with Klnldom ot 
which our IndiYldual selves are modlncatlons and Grace (jrfllflldo,,! a~d lo~r of G«I). ~ence Th!odlc)' Is 
which produces a phenomenal .<.. ,< possible (the JustificatIOn of God I WQ~ With world 

I n u as s own and mlln). Ood chooses "btlt of all poulblt wolldl," 
oppos te (or non·tgo) to proYlde a challenge 01 over- and least amount of eY11 consistent with His plan 
oomlng It In achieving selt· oonsclousness, freedom. . 
• . 'ElKELEY'S IDEALISM. The only rea li ties are Im- ~ e ___ 
material minds, their Ideas and VOlitions. Material • ABSOLUTE IDEAUSM (MONISTIC OBJECTIVE 
substance cannot exist, Is a cont radiction In terms. IDEALISM). A. COIiTENT. Reality a single spiritual 
Being of non· thinking things lies In their being Absolute. Naturl and the subjeotlve mimi are 
plrulnd by thinking things; their prinCiple Is Enl modes or aetuall7..lt\on or the Absolute: Sthelling, 
u~ perclpl (to be is to be perttived): A/obit reol//I Hegel. I . PHILOSOPNY or IDENTITY (SCHElLlNQ). 
urs/s, but only as colletlion and sequente of idtas in Rlall ty = Absolute Reason, the Identity of Splrl~ 
mindl 0" it, pe"riuefl. Since we do not always per- Nature, subJect.-object, Ideal and real. The Philos
~, Ive a I things, to save their existence we must oph/l o/ ldenlitV Is a union of Phlloloph)' 01 Nature 
nter a Supreme Mind who always perceives them. and Tra nnlndenla ' Ideali lm. (1) PHILOSOPHY Of 

NATURE. Star ts wltll object (Noturr), shows how It 
leads to subject (Mind). Nature Is a petrlned giant 
Intelllgencej organlzedj the world-Ioul Its uncon
scious creative principle. Nature evolves through a 
series of "polrndts" (levels) to .elt-connIOUl ne" 
In human reason. \2) TllNSCENDENTU IDEALln •. 
S~.rts with subJeot Mind), ahowl how It lllllds to 
object (Obj~tti~ Wortd jor Mind). (a) TheoreUc. ' 
Sta,e: Consciousness rises from .enn Uon to 
producth'e Intuition, then to reneetlon, then It) 
act of will, thereby arr!,\ng at a world a t Imowl· 
tdge. (It) Practlul Sta,e: ConSCiousness a rrll'es at 
world of will, In organlwd society, state, free,wlll, 
history (progressh'e revelation of God). (e) An
theUc Sta,e: Art unites the nefeSli/1I 01 Nalure with 
Frttdom. Consciousness arriVe! at absolute srlf· 
ton.rciousntss. Artistic genius creates like Ood In 
history: a work of art Is a presentation of the in· 
finite In the finitt (beauty). Art Is in.rlrumrnt 
(or,anon) of philOlophy, a modtl for unifitd philo
sophicalthought. In art the sell eehleves Insight Into 
unity 01 tonsciouI·unConleiouI activity 01 reason. 
<l) PHllOSe~NY OF IDENTITY. Union of the realism of 
the Philosophy of Nature with Transttndtnlolldtal· 
ilm through Ablolute Rluon. Here mind and 
thlng-In-Itselt, subject anel object, are united In 
total "Indllferenoo" or Identity as the highest law. 
EI'erythlngjinilels an appearanee due to departure 
from the st andpoint of the Ablolute. Subject-object 
d eavale = the Absolu/r knowin" itself. Leads to de
scending potencies: Nature (real serits), Mind 
(idtalurie,),' yet nothing Is outside the Absolute. _ 7_ 

• ABSOLUTE RATIONAL OR LOGICAL IDEALISM 
(HEGEL). A. CONTENT, Reality Is the self_un toldlng 
of the Ab50luteldla from Ood to His creation (Im
mediacy to otherness), and to return Into Itself. Ob
ject of philosophy Is Knawlrdgr of tht unfoldin" 
Idra. Truth = $eIJ-betoming-- rrelizalion bV a thing 
of ill ideal ton,ept (Begrlft) in ils tonerrte cctualil/l 
(Wlrklicllkelt). Principle suggested by ordinary 
usage: a true Irlend Is one whose actual manner of 
conduct accords with, and rea lizes the concept of, 
friendship . • • nUTH IS TNE WNOLE. It Is theessenUlI1 
nature actualiZing Itself through N II-dnelop· 
ment. Truth Is not merely substance but a lso l ub
'ect, the living process of self-development. 
C. AISOLUTE \I IIIND (Geil t, Spiril). Its eonccpt Is to 
know Itself to be not merely In·ltsen but also to 
work In history tor-itSIIt; m ind that knows Itselt 
to be mind; the truth In Its t rue fonn. Phllo.oph)' 
15 the stience 01 the Absolute Mlndj It th inks the 
Absolute's selr_actuallzatlon. D. HEGEL'S DIUECTIC. 
The 3 stages 01 the sell-unfolding whole: (l ) THESIS: 
OIven, implicif phasej the whole as abstratt, univer
sal, Immediate, In·ltsell. (2) ANTITHESIS: Phase of 
u pllcatlon; Ihe wholt 01 Iplit into OPpoIUU, In
tected with negativity, particularity, as tor-Itse lf 
or out.-ol.l tself. (3) SYNTHESIS: The whole as re-In
te,rated at a higher level af actuality, In-and-ror_ 
Itselfj the opposlt.cs are sublimated, "oufgthobtn," 
I.e., Iheir tontradic/ionl canttlltd and lht whole pre· 
Itrved bV being raistd 10 a higher unit/l. 

_S_ 
• VOLUNTARISTIC ,DEAUSM. ReaUty Is essentially 
will (Sthopenhaurr) . ". THE WOlLO IS MY IDEA. Il Is 
an object tor myself, as subject. The thing of per
ceptlon Is the appearanee of a thing.in-illtlf. As lin 
Intellectual subject, I experience ~ature through 
the category or causality, of which space, time, and 
matter are speclnc forms. Human ,.a.on , con· 
eemed with phenomena alone, Is merely an inl/ru
ment of will. ' . THE "SOLUTE IS WILL (1) Inner 
consciousness or selt Is a clue to reality and reyeals 
the real sell as Will. My body and Its movements = 
objectlncatlans Of my will. (2) Similarly, Nature Is 
the objtctifi,otion of Will, from unconscious to self
conscious lel'el. The Absolute Is a blind, Irrational 
torce j no motsl Intent, mere 11'111 to be, live. 
C. PEUIMISM AND SAlV"TlON. The Absolute Will ghes 
rise to evil In the world. S.lyatlon lies In overcom
Ing the will: the Will mustllOnquilh itSt/{ ond return 
10 nirva na, final rul. D. TEMPDIlI"I' (SU,E FlOM 
WILL In art, as the contemplation of Platonic 

~s~~~i:'A~~e~~I~~~uo:~e~~~~~~r~'~f ~~~~!:~:~ 
to the ascetic negation 01 Will. Suicide no solutlonj 
Willis deathless, li re continues. - .. -• PHENOMENOlOGY (HUSSEaL), A. THE IIAIN THEME 
OF 'HENOMENDLOGY. ConsdoulneSl in ils sln/tlurr 0/ 
subjrcliuill-objrclivi/y. Procedur.: not causal or 
psycholog eal, but pure description, anlllysls, un
derstanding by going to t he facts themselves, using 
pure "eidetic" vision (elltnCe-liision) of structures, 
acts, obJee!s 01 consciousness. Hence, eidetk uitnce 
of tonsciou,nts$ = study of essen tia l posslbllttles ot 
consciousness. I. BAlIC CHAlACT£I OF tONICIDUIMESI 

mo~~~~~A~ITs"ubf:c~~~~o~~=~s a~'i:a,~~t~~: 
ing" an object that transcends the act. (2) OBJECT
ASPECT. The "normatit" aspe<:L. (1) $UBJECT_ASPECT . 
"Noetic" aspect; tile two are In essentia l re lation. 
C. "EI'OCHE". We can "braCket" all claims of object· 
subject to eliSL anel restrict attention to what It 
Is as we intu it It; t hus maintain an attitude of 
pure vision or Intuition at fO((1 of consdousneu. 
Thus we observe a "physlcal thing" as an object for 
consciousness without raising questions about Its 
actual existence, empirical connections, etc. Can be 
done at variOUS levels, e.g., ror the who leal the" na/Ulal 
wolld." D. tONSCIOUSHESI 1$ "RANSCEHDEHUL" In 
so rsr as the subject or the mind Is prior to being 
In a world or belonging to an existent being. Can use 
Ipoche to study the self as a transcrndenlal subject 
and the world as Its object. This gives universal 
eldetlcsclence; tronsundenlal phtnomenology. knowl. 
edge of essential posslblllUesot self-world structure. ___ 10 ____ 

• PH,LO.OFNATU RA USM. A.MlTElIALISM.DrmO("· 
ritu$, Lucre/ius, Hobbrs. Holbo,h. All things are 
forms or function s ot physleai matter and Its laws . 
Frequently auotialed wUh materialilm orr: 
(1) lTOIIIU •. (2) REDUCTI ONISM. EXplanation of 
things by reducing them to malerlal clcments and 
physical laws; e.g. , Irfe is a form 0/ phJllico-chemkal 
interaction. (3) DETERMINISM . Every evenL Is fully 
uu"d; no free will. (4) MECHAN"M. Cause of an 
elTect lsacomplexorpreeedlngph)'llcaleyentsjevery
thing behaves like physical machint. (5) REJECTION 
Of TELEOLeGY. Apparently purpftllve behavior, as 
In living Ihlngs, can be e~p lalned mechonislicoll/l. 

I . MONlnlC IUl n ANTIYE NATU tA LISM (S PI NOlA). 
Reality Is a single lubstance = Na/urt or God. All 
else Is an aUrlbul. and/or a modi of the one sub
stance. (1) OEF. Of SUBSTANCE. That which Is .. If· 
sumcllnt, exists In Hself and can be concel~ed 
solely through Itself, I.e. , It needs nothing else 
either to bel or to be COnceived, Thllre can beon ly one 
such ul tlmlte substance. It Is It//-n:ultd, ob,o
luttlV infinite. free (working through Inner necessity 
of Its own nature), and exis ts necessarily (Its 
.nence Involves Its existence). (2) SUBSTANC[ IS 
NATURE In two senses: Natura naturans (Nature as 
the indll'rlling aeliur cauSl' of wor ld) and Natura 
naturata (Nature as t1/tct, or all the modes as they 
toliow from Substance and Itsattrlbutes). (3) NATUIE 
IS 1000. God = tht ab,olultly infinitt btlng whose 
substance oonslsts 01 Infinite attributes, each ex
pressing eternal in/inilt euell". (4) Off. OF 
Ami lUTE. What mfnd perceives as oonstltutlng 
the essence of Substance. Of the Innnitely many 
attributes, we know two: thou a: ht, nten, lon. 
(5) MOOES, Idlal and mlndl are modes (I.e., partlcu· 
lar modlncallons) ot the allribul~ of Ihought u 
ph~lul bodlll are modes of the ollributts of u· 
tenlion. (I) OROER . Order and connection of Ide .. 
Is the same as order and connection 01 thlnls.. 
lience. there Is not Interaetionll m (Dutartu) bu t 
para llelism botween mind And body. Body works an 
body, mind on mind, both In pertect agreement. 
(1) NATURE NOT TELEOLOGICAl. Nature not to be In
terpreted by human loal., nature works with slrk/ 
ntculi/g. Teleology contuses etrects with causes. 
Will is not a free, but only a necessary, cause. Noth _ 
Ing Is continlent; every thing Isdtltrminrd by God's 
necessary nAture. (I) HUM"N MNOWLEOGE. Varies 
from Inadequate Ideas 01 the Imagination to ade_ 
quale idea, of Ihe intrlltc l. With adequate Intellec· 
tuallelcas, we perceive a ll things Intuitively Yla tile 
Idea In Ood eXllresslng their ellence; we perceh'e 
,ub Ipreit oe/emileti, (undcr the form of eterni ty). __ 11 ____ 

• PHilOSOPHY OF NATURALISM-DIAlECTICAL 
MATERIALISM. (Marx, Engr", Lenin.) Otflclal phl
louphy of Soylet Communl. m. ". CONTENT. Basle 
reality Is matter. Out of matter evolve all further 
things according to dllliectical lawl. I . DIAUCTIC. 
Emphasis on constant chanll and Intercon
nootedncss Of things. C. LAWS Of DiAlECTIC, 
(1) INTDIPENETRATION OF OPPOSITES. No real thing Is 
merely A. It Is also not·A. This oonftlct generates 
ch ange. E.g., a moving/hing i, not Onll/ hrre, it il alIa 
nol· h.re; interpenetration of htrt and no/·hert il it, 
motion. (2) TRANHORMATION OF qUANTITY IIiTO 
OUALITY. Natural changes are not merelY quanUta.
tlvej at certain points a sumelent change In qua,... 
tlty II connected. with a sudden ehange In quallty. 
E.g., watrr when healtd, risel quantitalively in ttm
ptroturt unlil, at boiling poinl, it suddtnl/l thangt, to 
uapor,' mOnt/l atcumulatrd, at urfain point lurn.r to 
capital. (l) NEGATION OF THE NEGATIOII . Change Is not 
abstract repetition, but moves forward to a higher 
level from A, to not·A, to a nrw A (negation of nOJ..A, 
I.e., negation a t the negation). E.g., srtd (A) g'OUtI 
inla plant (not-A) whith produuI nrw Utdl (nt'" 
A). With this dlalootlcal logic or change Is a ella
lectleal theory of nature, thought, history, society. ___ 12 __ 

• CRinCAL NATURAUSM. (Drwey, Santayana, 
Aluond.r, WhilehtOd.) ". CONTENT. ~ature not 
merely mate,lal; It Includes el'erythln! that ells t, 
(while dualisms separste the natura vs. super
natural, body vs. mind). I. ACCOMPANYtIHI DOCnINEI. 
(1) R[.I[CTION Df REDUCTION"II, EMPHUIS OM 

1~~g~E~fE~O:t:!Y~L:v~ I~~~I~;dri~lni~:~~~:tf::; 
.pac .. tlme through matter, secondary qualities, 
life, mind, toward deil/l. (2) "CCEnANtE OF "U 

~~~~~s~~af:~~~~:t a:Sre;Y~~n:eE;'~ ~~~~tll: 
of things existing In natural cont .. t.: Whilrheod. 
(Santa/lane: value elependent on human Interest.) 
(3) TEIIOENCY TO "DOPT REALISM. I'RA&""TlSM, 
INSTRUMENTALISM IN THE TNEORY Of KNeWLEDI:E. 
(a) Ale .. nd, r-N.o-reall.m : In consciousness, an 
organ ism Is " compr .. ent" with a thing; does not 
alter It, and pflrteillrl il in a particular perl!ec/ivt. 
(b) S.ntayan.-Crltlcal Rea lis m : Externa thing 
exiSts Indl pl ndent!)' of the knowing mind; Is 
known media/tly via essence inluited by tht mind. 
(e) Dewe),-1nllrumentall l m : Knowing Is tran •• 
tormln, Situations indeterminate In slgnlncance 
Into situations determinale in li"nijicance. Ideas 
are Inltrumenll for effecting the transformation; 
their validity lies in their l1/ectiveness for this 
function. (4) REJEtTiON OF CATUORY OF SUBSTAlitE 
IN fAVOR OF OUAlITY, RELATION, ACTI VITY, PROCESS, 
AS CENTRAL METAPHYSICAl NOTI ONS. (Inslanu Is 
treatment of mind.) (a) AI .. ander: Mind Is an 
emergent quality at organisms. (b) Dlwe)'; Mind Is 
the func tioning of meanings In lira-activities 01 or-

r:I~I~::;Spa(~:e~~~~a:~"oarg:~r:~~ 1~i~~~ tS::!'~~!~ 
ness emergent In anima ls, oondltloned by material 
circumstances. (5) INTERPRETATIOII Of DIVINE U 
CONSTITUENT fACTOR IN NATUIE OR IN EXPEIlIENCE. 
(a) AI .. a nder : God is in the moiling; the existing 
world Is the body ot Ood with tendency ("n ilul") 
toward deity. Religioul uperirntt = feeling the 
mO\'ementof, union with, God. (b) Whitehrad : Ood, 
the principle of Individual existence (roncrrtion), 
Is In\'olved In every actual e\·ent. The entrance of 
eternal Ideals or objects (universoll), and already 
actual occasions. Into the blcoml na: ot a new event 
Is res tricted by Ood- the ultimate limitation, the 
sou rce of restriction, the "ultimate l" aUon.lllt)'." 
(c) Dewey; Divint = the Ideal possibilities unified 
through imagination. Faith = the unmcatlon 01 self 
through willing olltgiantt to tile Inclusive Ideal 
ends presented by Imagination. 

___ "t3~ 

• EXISTENTIALISM. (KirrRegaard,Hridrgger,Sartre, 
Jalpers, Marui.) A. CONTENT .Protnt against ratloll
allsm (tip. Hegd), sclentlne posi tivism, anony-

rh~~Ahrr~~el ~U!~~~E~'m[~'l.~I~~I~.f F~~:~ 
slgnltlcanoe Of Individual human person and per
sonal relallonshlps. Emphasizes the total Itlf, not 
only reason, In man's thinking and relation to the 
warld around him. lIence: Beln, and reality are 
found not In objects otknowledge alone but In soma
t hing eccesslble only to the free tolol person. Man 
tlnds b.lnl only via his desfin/l. 



C. UI"fIfTIAl THINNING. Thlnkln;" done by man 

r:r. (ir~,G~?:tA~"o~~I'~:I~in~j !~ ·.~~':I S&:I~i 
person. Involved In the humIn IUuatlon, Is comln, 
to ,rip. with the sltuallon, tryln, to achieve an 

~U,~~~~tc.~Ji~~; o'f f:'~~~~;h ·tf~IDer::J~ :I.~r:; 
r.n Indlfldull - a lree and rmponllble b~in9·in·tht
IIIf)rld (OGuin). confronted with the threat 01 
Hothlnln.n, death, In dread and Ilulll- is CUI 

~~fr~)D!!r~~~~C~i~~iyc::e~b~~~J:0:'~~ ~.~':! 
emerl" In to the openneu and light 01 Being, by 
"letUn,., the ellstent be, Mfvlng as the"caretaker" 

~~~~fty D~,[)I!!rnf:';,r T~o~~Ln~ ~r!lr l!lr:~t~~ 
UalLstl speak of EXISTENZ_man as radially Ir .. , 
a ,Inuln. Indll'ldua', Irreducible to .. scheme 01 
metaphysical or scienllnc knowledge; capable 01 
choo.lng to be auth e ntic or Inauthentic , 
JOJPtrs: EXISTEN! = man as lreedom, not a.s the 
obJect.ol knowledge, man AI the " unobjoo tlve" tha t 
he Is and 01 whIch he beconlCS aware when genuInely 
eonlClloulol Ihese", man Il more than he can know 
01 hlmsol!: he can 8lperlenee Ihls only In the orlgl· 
nation 01 thlnkln, and dDln. , not In knowing· 

a~"tttE I~I~r& Eo I~:I~~~r:~:":II~:Wts:!n"~~~ 
whd·11 (dDs S,j,nd,: the b6-lng, that which Is, a 
being, beings). DLlJerent beings have dllJerent mode. 

:~_~~~~, :V:~it~~1:~~~II:::~se~~ ~::r)'~':!.I!h:~~(~~: 
lurndtn), man Is beln.·there (Daltin). Man'S being 
It analy:r.ed as care, more deoply a3 tempor.IIt)'. 
In inau/htn/k everyday exIstence, man' s true condl-

~:;dt:!laci:kt4 ~~~~~~\~~~tal:. ~~~/a~o:; 
"It-CDnc .. lmlnt. Only through metaphysical basIc 
moods, like dread, d~ man l ace the threat 01 
Hothlnrnus, reall%lng his beln,-for-d .. th, and 
througb tbls. move toward t ru th and the possi
bility of tbl revelation of Being. Because man Is 
c. ... , and Care Is constituted. by t,mporolilv, to 
urlTe at the revelation 01 Being and his own au
tho.ntitl 8llstentlll, man must question the meaning 
01 bls own being u historical action relating blm
leU to /(Ihol·is in limt. lIence man originates h ll 
historicul'spirilua/ u lstentlll not by studying his bls
tory but b1utlculating hll essential relations to 
.. hDI· is. (%) IAiTlE. ~'o fonn . of being, In-lh, 1t 
(th. mtrtlJl rontingtnt, e.g" unconscious things) and 
tDr-lb,lf (ronscious bting). Man'l beln, :;: bting· 
for.iluJI which Introduces the " Nothlnl" Into the 
world, alGurce of nelation, dlstlnotloni never com· 
plate, always selt-transcendlnll ·h a projtct, hence 
free and capable of brlnllng t e salt Into being 
throUllh the exercise of Il"IIIIdom. (J ) MARCEL Being 
is I. mys/tfll' not. merely a problem, Can't detach It 

~tfo:,I~~:n ,~,e:.~:~~~ I to~nt~~r.;~nc~~!~~~gr01 
puth::lpatlon In being, Man can nnd being through 
respect and 10\'8 lor persons II centers of responsible 
freedom, In participation with them-not as ob
J8(l~but u prtuncts (I-Thou relation 01 Bub~r), 
In lalth, hope, love of Ood, (4) ~ASP£JIS . Being lies In 
tho Encompauln, which Is tbe source 01 the entire 
.ubJlct-obJeet cl .. va,e, and hence can never be an 
object. We can contlll ivo tbe Encompassing meta
phyllcally u Transcendence (Ood) to which we 
nlate our leI! u Exislen: by Interpre ting thin gs of 
the world u ciphers and symbols 01 Transoondentlll. 

~14 __ 
• nHICS.(1) Study ollood-bad: alllolo,lCIII ,thlc:t 

=\heory of ethical Ya lues,(2) Study 01 rlght-wronl: 
dIDntDID,), = tbeory 01 ethical obligation, duty. ___ 115 __ 

• ANALYSES OF ETHICAL CONCEPTS,JUDGMENTS. 
.\, [IIOTIYlIllONINC TMEOIY, Ethical judgmen ts are 
not IntlreIY lactual. Essentially they erpress emo
tions, attltudesi henoo are Incapable 01 being true 
or false (A, ) , AII,r, C, L. St'~fUOlI).'.IMD[fIICAlllITY 
• IICTUlTIOICAL THEOIY, Blllo ethical concepts are 
Indennablo, but denote intrinsIc, objective qualities 
or relations apprehended Intultlvel,. Hence ethical 
Judgm8ntl are objectively true or lalse (C, E, 

:[:r~i W t!.:;:;). ~~DrrJ:~~!~I!Y TI~EO~~:~}~ 
(1) ATT ITUDES. "Good," "right" refer to someone'l 

'1probotion, (a) SubJectlv, Approbatlv' Theor),. 
II good, right = I approve X, (Part of Humt'! 

,\ew.) (III) Sodll Approbativl Th' Dry. X Is good, 
right :;: soclet, approves X, (Durllhtim, some 
Sobhisls). (,l Th,olo,leal Approbatlve Theor),: 
Z \s rood, rll ht = God approl'os X (Karl Borth), 
(2) "'YCHOLOC CAL fACTOI' (o ther than attitudes): 
tal HldDnllm : "Good" = pleasure , "bad" = pain 
(Arist/ppus, Ep;curu!! Btnlhllm). \111) Affectln The· 
I,.,. : X II good = A satisnc.s. R Iht = what con
tributes best toward fullest sa tislaction (Sontayllna), 
(c,) Int",1t TheDry, X Is valuable = Interest Is 
liken In .T. Act Is rlgbt If It conduces to maximum 
moral I\'ood (harmony of a ll Interests Involved) 
(R. B. P,rr,,) . (S) lAW. "Good", "right," deftned In 
tennl of obedience to law. ta) CUltom TheDr),: 
Right = customary, sanctioned by tradition. 
(11) 1'0.ltI", Law Theo". (Legallstl(l Ethics): Right 
= law of the land, (a) Nltural Law TheDr),: Good
ness or rlllhtneu = harmony with Law 01 Nature 
(Steier), harmony wi th Law 01 God as Governor of 
Nature (Aquinas). (d) MDral Law Theor)' : Rightness 
:;: moral lawfulness i rightness of mora l law con
lilts In III being law (universal, necessary) (Kont,
see 17). (4) SElF AS METAPHYSICAL PlIHCIPLE. (a) Eu
da,monltm: Good = what we u ltimately aim at 
= happiness (l\Ie In accordance'wlth human func
tion ,Arillof/e ll or blessedneu (life In vision 01 God 

t:::~n~~).UI~'~a~~~~f:r~It:~I~ r::I~Z~~~: o~~r~ 
~!.!{1::tJert~I~~1J;m(~y::!~~SOf ~~, s[~~rk 
eant proceu. (Il Evolutionary Th,or),: Good = nt 
for SUI'YIYlI, In harmony wl tb IIIe-Ioree, etc. Right 
= conducive to evolution Of new values (Julian Hux
I",). (11) Mln l. m : Moral Ideas are "Ideological," 
I.e" they renect economIC! ItatUS of class and repre· 
IIIIn t c1.u.s-lnterest as Interes t of whole society. 
That moral Ideal Is adequate which Is adapted to 
the needs of I. particu lar stage of economic-social 
development (MDrx, Eng~IJ). (e) Pra,mltle Nat,, 
"Ihm: Moral judgments are hypotheses lor resolv
Ing problemulc situations 01 values, means
ends. Good = wba t promotosour courseof actlvlt.y, 
seen In the light of natural and sOelal conditions 
and oonsoquenoes for further actlvilles. Right = 
whatpromoLe$mu t-ual goodsof communi ty (DewtJl)' ___ 18 __ 

• TElEOLOGICAt (GOAL - DIRECTED) SYSTEMS, 
.... CONTENT. Empbasls on harmony, purpose, good, 
ends, consequences. An acl's rightness Is not In Its 

moUve but In Its purpOH orlntended aim and In 

the act'seffecbon theselroron society, I . HEDONISM. 
Ple .. ure = sole Intrlnslcgaod. P.ln = IOlelntrln
sic ,uil. Good l\Ie, happiness, Is life 01 maximum 
pleasure, mInimum pain. C, EIiOlnlC HEDONnlll, 
Good lIIe Is life 01 maximum pleasure for ,,11 (Aris· 
lippus, EpiCllfUS), Chl, t vlrt"l = prud, nu (abUlI1 
to lorecast pleuure-paln etteets of &ets, a'otd harm 
to self, seek Inner harmony). D, UNIV[fUlInIC (AL ... 
lIUlnlC) HEOONIIIII (",donlltle Utllltarlan' .... ). 
Ethical objective Is greatest happiness (prepondel'
ance of pleasure over pain) lor greatest number of 
people. (1) QUA NTITATIVE THEORY (Btnfham). n appl_ 
ness Is cslcu lable In termiof the quantlt)' 01 plea,. 
ure-paln (Intenslt.y, duration, probablllt.y, promp. 

~~~~!1 lec;!nd~!t'le~~lt~y ,:~a~tI:~~n~~h~~~~ 
P?lltlc!i'. moral, religious). (2) QUALITATIVE TH EOIIY 
(J. S. Mill): Pleasures dltter qUllltatively u ""ell as 
quantit..atlvely, Humans capable of hlghllr plcuures 
than lower animals. Qualltatl'e dltteronoes tes ted 

~tJ1.(~e~~~t%~~~:r~r~al~I~~~re~r.~e~\~~~ 
tented fool. ) E. IDEAL UTILlTAIIANISM. Dlltcn from 
Hedonldle Utilita rllnl.m tn that pleasure II not 
the sole lood. Et hical objective Is the maximization 
01 good (C, E. Moore, H , RoS/tdD/l), ___ 17 ____ 

• DEONTOlOGICAL ("OUGHT") SYSTEMS. 
.\, CONTE"T. Right, law, duty, conselence, obUg .... 
tlon, ylrtue. Act" rightness lies In motive, virtuous
ness, or lulnllment of morAl law regardlen ot con
sequences, I . MANT'. 'O\lMALlSM. (1) ONU 1i00D WILL 
IS ABSOLUTELY GOOO . COnsequences do not del.ll rmlne 
tbe rlghtncss 01 an act. An act Is ri ght If done In 
accordance with mora l law because It Is t he law, not 

:ees!~: o:fP~~~g~t:,I~~~o~· IfI~~Ii::t~~~d ::\f:,t~ 
(2) MOIlAl IMPEKATIVE MUST IE CATEIiORIC'u, HOT 
HYPOTHETICAL H),poth,UCIIllmperaUva (means to 
an end): 11 you desire pronto th,n be honest (honesty 
Is bes t pollC!,). Cat"orleal Imparatl",: B~ honest 
(becau se 1t Is right., regardless of pront or lou). 
(S) TEST OF lAWfULNESS. Law IS universal, n_Slary. 
Hence, rule of Categorical Imperative (whltlh re
gards only the lorm not the matter 01 the atlt) II: 
Obqr morollaUl btcault iI is 111/(1, Kant propose5 these 
maxims of behavtor: (a) Act always In such a WI., 
tbat you ca.n will your m ulm (subjective principle 
of acllon as distingu ished from obJecthe prinCiple 
which Is practlcalla"") to be the uniwrlollaUl/or DII 
rDtiano/ beings. (III) Act so u to treat humanity, 
whether In your own person or In thatof an, other, 
always as an end, never IS mere mtons. (c) Act u If 
you were a legis lating memberol the unlvenal klnll
dom of ends. C. MET.I'MnICAL FOUNDATION OF IIIOIAU, 
Since Nature Is a rea lm or coult-,I«t, I nd mDflllt)' 
presupposes/retdom 01 will, we postu late (though 
not knowing how to prove) human lreedom, the 1m .. 
mort..allty of our 5Oul, a nd the eKlstenOll of Dod, 
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• MIXED SYSTEMS, . , roWEl THEOIY, (1) Nature II 

I. scene of competition, Man'S destiny II a st ruggla 
for power, He who eommlnd. lals down the law, 
thu s determining the r ight. MIght mall,s right. 

~)e~~~t~e :~I~~e~d\~I·!liln~~:\:,I.gl~!h~ {~l ~!~ 
lold morality 01 s trong and weak, master and sub
ject, (Thrasjlmachus In Plato'. R, publlci also one 
aspec t 01 Nlt/nche/, (1) Hobbu' var iation 01 Power 
Tbeory: Reason, fo lowing t ho laws 01 Nature, leads 
men to social contract, Inl.nln. a ll power to a 
soverelrn, who thereupon makes law, thus deler. 
mining right. I . nOICIIM. Nature 15 a harmoniOUS 
rational wholei man a r ational Iragment of the 
whole. Man'S h appiness lies In followln ll Natu re'S 
law. (1.) MAH 'S ESSEHTlAL F1IEEOOIII: his rational 
capsclty to amnn or deny what Na tu re (Divine 

:~~ ~~~~", .. (~~~~N~~,~IIJ~'~I:~~ r~~I~unr:i 
JOIt-dlscl plln~ spathy (absolute control of desires, 
emotions) (EpIC/,tus, ~n«o, MoraiS Aur~1iul l . 
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• MIXED SYSTEMS- GREEK EUDAEMONI5M. 

(Functionaillm, P, rl,cUonll"'), Natural entities 
h ave essential fun ctions or ends. Thclr good lies In 
tbe fulnllment 01 fun ction: good life Is life In ac
cordanee with lunetlon. A, PUTON IC EUDA!lfONISIll 
(PIolo's Rtpublic). (1) IIIAN'S SOUL TlIIPAIT1TE: r .. • 
.0n, lplrU, appetlt, . (2) FUN CTI ON OF SOUL: guldantlll 
or human l1Ie In aceordance with knowledge of rood, 
(J) suaOlblNATE FUNCTIONS: reason ru lesi Iplrlt Is 
the prinCiple of pride and ambltloni a dynamlo fao-
tor (oP~IiI') acts through desire and needs l(I be 
controlled, organlz.ed, (4) THE 'OLlTICAL STATE IS 
TlIl,ARTITE (by analogy to lOu l): Gu"dllnl (rulen), 
Auxlll"le. (military), Artltanl (workers). 
(5) FUNCTIOH OF STATE: to make possible realiUld 
human lives through Justice, harmoniously organ
Ized human relat ions, (6) SUBOIOINATE FUHCTIONS: 
Gu"dlans to rule, legislate, organlr.e, Auxm"l .. 
to attack and defend. Artltanl to work, reproduce. 
etc. (7) VIITUE Is excellence, the capacity to luln n 
lunctlon. (Good tye Is one which can see well ; good 
man Is one who can live we\l; good stolt 15 one which 
organIzes human li fe wel l. ) Cardinal virtu .. , both 
In man and state are wisdom, courage, lemperance, 
juslict . (I ) SEOUENCE OF nATU AHO MEN In order 01 
decreasing degree of virt ue: Aris/ocral/c, Timo· 
cratic, Oligarchic, DtmfXralic, Tyrannical. In Arllh .... 
crIth: mIn, reason governs, spirit and appetite 
obey, each performing Its appointed task; I lmllarly 
In Aristocratic or b,1I slol, . I • .lI1IT01RIAM 
IUD.atONISM (.Arisla/l~'s Nichomathtan Elhics). 
(1) MAN'S FUN CTIOH determined by his distinctive 
capacity (difftrtntia) to reason. Hence man', funo-
tion 15 the activity of his .oul In accordance with 
reason, or In accordantlll with humIn vlrt"e (not In 
5 chance period of time, but In a complete IIle ). 
(2) VIRTUE TWOF OLO: Int, lIeet"ll (lell rnoo), mDrll 
(practiced), Moral virtue 15 a habit 01 dellberste 
moral purpose, a iming at the mton re lative to each 
01 us, the mean being determined by reason or IS a 
prudent man would determine It. Virtu, lies be
tween n un and dendenc),. U .... LU: rourllgr Is 
a mean between foolbardlness and cowardltllli mag
nifiCtnCt 15 a mean between vulgarity and mesnness. 
(J) right action Is (a) voluntary, ~) based on de-
liberation, (e) aimed at good. GODd 11ft Is an ac
tlylty, not. a st..ateol mind. (A) PLEASURE, though not 
the goa l of vi r tuous activity, neverthcless crowns 
that actl~lty. Hence t he virtuous l1Ie (lIIeol reason) 
Is also a bappy life. (5) HIGHEiT HAPPINUS li llie In 
accordAnce with blghest virtue, figbest virtue II 
thelntelleclual vlrtuo of reason. Hlghcst lI (els life 
01 contompla tlon, akin to Ood 's sell_OlIn templatlon, 
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• MIXED SYSTEMS-COMMUNISM. A.tOIfTEIiT. The 

moral ways of life WIry historically with the ,e ... 

~::.~\=n~~a~IDci,1~:;~~Z: ::'g.~ j:~\To;r:~hrc~ 

copilalistit or bourgtoi$ elhics. The ru ling clall his
to rically Is conltralned to disguise Its self·lnteres t 
In lonn ol a pretended universa l moral code ( = the 
"idtologitGl" character 01 a moral SYltem). I . IN • 
"TBUE" COIIIMUII IST SOCIETY: (1.) NO Cu.SS-OlffEJENCE 
so that the morll code renec.ts Interest of entire 
society, ( 2) NO DISGUISING so t hst the Ideological 
character disappears, falsehood Is removed. Moral 
rodt hannonl!.O$ lnterests of tot..al community, ___ 21 ___ 

• MIXED 5YSTEMS- NATURAliSTIC HUMANISM. 
A. CONTUT. lII an to be understood as a part 01 
Na ture, 5ubject only lo n.tural condlllDn., laws. 
I , S"NOlA'S NATVIAUSM, Man participates In Nature 
IS a bod)'_mlnd. Man Innate ly Impelled IS are all 
thin,s by a Itrlvln. (wllerlus) to p"III,"e his 
bring. What aids him Is good, wbat hinders Is bad. 
(1) 'ASSIONS, leading to dependence on other th lnls. 
hinder freedom, self-determination. (2) HINDIIANCES 
are overcome by knDwl,d,e. Since knowledge gives 
freedom, Its object Is loved. Knowledge of God or 
Nature as the eternal substance Is hlghcst knowl .. 
edge; t he Int, lI,dual 10'" at God Is man's salva
tion and happi ness. (J) VIRTUES are 'mDtlon~ eon
tro lled by ralionalatlllyity (couragc, seU .. asser tlon, 
generosity). (il) VICES are emotions correlated with 
Irrational activity and hence harmful (hatred, 
envy, pity, humtltty). (5) ALTRUISM ANO SOCiAl CO
O.ERATION are good because of their useful ness to
ward the rational life of which they al'll a part. 
C. PlAIiMATIC NATUUlIlTIG HUMANISIll . (DEWEY). 
(1 ) alOLO to lCA L AN D SOCIAL Ot'HASIS, Man Is an 
evolved, 10el,lI), condltlDn, d ani mIl . Makos ad· 
Justive responses to changing situa tions so s.s to 
attaIn 1II11.d,l/tlopmrnl through social at liuily and 
culturll HIe. HIs wclal ure Is a now, emergent level 
of reality, with new quallUes, relations. ete, Intelll
.,nu Is the supreme method and means of human 
adapla/ion, adjus.mrnl. (2) fUNCTION or I NTELlIli ENC Eo 
Solution 01 problems lI'lslng from changing condl
tlonsi analysis and remO¥l1 01 obstructions to hu· 
man life-activity. (J) MORAl EVALUATIONS. J udg .. 
ments concerning Iffectlvenell 01 proposed conduct 
to reso lve I. given si tuation (without Introduclnl' 
lurther dlmcu ltles: mtolU·tnd rontinuum). lIence, 
validity o( moral Ideas Is Judged by ettec.theness as 
m,an. or In.trum, nts for resolv ing human dim· 
cultles, openlnl way to enriched life, (A) MOIlAL 
P1tOBLUIATIC SITUATIONS. Always are speclnc, Invol,
Ing particular persons, places, Issuesi hence need. for 
Ol'pertmentll temper of mind, (S) EM~HAS\S. Democ.. 
rlcy and social-In tellectual freedoms, sclentlnc 
study 01 man, Inventiveness, growth of meanlnl's 
and values In IIlperlence, socially shared nlues. ___ 22 ___ 

• OTHER MIXED SYSTEMS. A. IOEAlISTIC SELF· 
IU.Ul.UIOIi THEOIY, (Htgtl, BrDd/tII, Bosanqutl, 
R"",e). (1) TIUE SELf Is not t he nnlte emplrlcal self 
but t he aell u actualized In, or Identlned wi th, the 
,t"nal Spirit 01 which nnltc selves are onlY mani
Itslalions. (2) MORALITY a rises with conOid between 
d"i" and obligotian, wlsb and Jaw, f,loral progress 
Is a resolution of thIs connlct, In which the will ing. 
desi ring sell becomes more ralional snd the law of 
obligation boeomos tbe indwrlling principl, of the 
sell, Tbe flnlt, Indlwldualllle matures Into Identl
ncatlon with tbe larller life of a rommunif/l 01 Sellle$, 
a whole sucb u the St..ate. (J ) ULTIMATE TRUTH of t be 
self lIu beyond. the merely moral, In the Identlnce .. 
tlon wUh the Divine (u In religion or phllosopby), 
I, 1E1I1IIIUI ItEIFEtTlONl1M (l£lf-iEALIlATlON ). 
(1) CHRISTIAN I'IIEFECTlOHISM Of AOUINAS Is a syntbs-. 
sis of Plolonlc, Aristoldian, Hebr,UI-Chri,lian tradi
tions. Purpose 01 lIIe Is achieved In fulnlllng man's 
funotlon. Man's lunctlon not only the natural one 
emphulz..ed. by the Greeks. but also and ultimately 
,upernatural. (2) MAN'S lion ENO Is blessedness In 
knowledie of God, the btotific ui$ian of Cod. (J) THE 
FO UR CAROINAL VIRTUES Of THE GREEKS (pr"d,ntl, 
lu.UtI, t,mptranu, coura.,) capped. by the thl'llll 
THEOLOIiICAL VIRTUES (Iillth. hDpt, eharlt)') com
pletll the moral structure of HIe. ___ 23 ___ 

• E1\STEMOLOGY: NATURE, IIULITY, EXTENT Of 
KH OWLED IIE (K NOWER-KNOWN, SUIl[CT·OI~ECT ), 
.\, IIllVE IUlI.M, CommonHnH vllw. Reid, C. E, 
Moor,: World of ordlnuy experience edsts ind,
ptnd,nll/lof perceiver and Is just ult Is experienced. 
I, .UIlEtTIV"1II (Subjective Id,all~m). BtrlltleJl: Ob
jects of knowledge do not ellst IndependentI)' of our 
oonsclousnoss of them, The wor ld Is a complel Of 
Ideas. sensations, etc" occurring within Individual 
lubjectlvemlnds, Reality oonslstsolmlndsand thetr 
oontents. Matter does not edst. Physical bodies are 
oomplexos of .enH_q ullities. Co El'tnEIllOLOlilCAL 
OUALIIIII. Ducar/u, !.(Jcl!.~, Critical Rulisls llke !.(Ju,-

{~~, ~n"J~vw~a~n~~e~:~!~ri:J~h~~~h~~dr:~~~~~ 
t lons 01 It In ou r mindS (ldea.s, sensations, sense data. 
essences). D. IIEW lUllS", English (Moort, RuutU, 
AluDnd,r), American (Waodbrjdg" Holt,lI10nlagut, 
ptfrJI): Combines two theses. (') INOEPENOENCE OF 
KNOWN ANO KNOWER, An object of knowledle Is not 
I. construotion 01 a m ind, but Is Independent of t he 
act 01 knowing, SIInse data, physical objects, 
mathematical obJectsr other minds, an may ulst 
whether or not we know tbem. (2) PRESENTATIONAl 
NATURE Of KNOWLEDGE, As opposed lo Episltmo .. 
logiral Dualism, knowledge Is dlrect,lmmedlate. Tbe 
object known Is or coincides With, the content al. 
ready present for theknowlng act. L 'HENOM EHALISM. 
(1) PURE PHENOMEHALISM . All things are phenomenl 
or constructions out of phenomena. All we bave a 
right to &Ssume II Iden. Impressions, or appear
ances. Both mind and matter are bundles or HII Df 
Ippe"aneel. Hum~ argued that merely rational 
analys is of knowledge leads to pure phenomenalism, 
whereas Nature, through habit and Imallnation, 
leads us to believe In substantial minds and things. 
Pure phenomenalism plays Important role In Radl
eal Emphlel l m of }amt$ and Ne"tr.1 MDnlsm 01 
Russell,. both were Innuenced. by J. S. MiII's theory 

~!n:~i~:.~~1 &~j'}fNO-:T I?'~r;;~~~~tEi:I.:[~ilitf~no[ 
Spenur), There Is a reality (thing·in·itldn trans
cending consciousness, but we can know It only In 
Its relations to our minds. as appearances, phenom
enl., not In It.sell lIS noumenon, F. OIUEtTlYE 
E"SYEIllDLIXIICALIOUlISIll. AbsoluteldeaUsm's view 
01 knowledge, IS In T, H. Crttn, Htgtl, Brodlty, 
BO$anqutt, ROJIu: The real Is manifested In, but 
Iransctnds, our nnlte mInds. What eKlsts Is mental, 
but deeper, more comprehensive than any nnlle 
mind and Its contents. Knowing Is the progress of 
the nnlte mind toward fuller conformity and tden .. 
tincatlon with the Absolule ldu, Mind, Spiril. Truth 
Is at once mental and obJective. e. PlUlfU"M 
(In.trumentall . m ) D,wqr. Knowledge Is not the 
confront..aUon of subject with object. but the ro
lolyln, of uPll rlentla! problems, the transforming 

Of an Indeterminate, problematic situation Into one 
which II tGh,rtnt and determinal, In the 5lgnlll_ 
canoes It eont..alns. Knowledre II result 01 up,rl .. 
mlntll Inq"lry (translonnatlon of thlnls of 
experlenOll, from lacklnr to having sllnlncantlll ). ___ 24~ 

• EPISTEMOLOGY : SOURCES.IIIETHOO OfKMOWlEDIiE. 
.... .UlHOIITARIANnM. In certain domatns (e,g., 
morall. politics, ,tligion) tbere are privileged Individ
uals or Institutions which luncllon as sources of 
knowledge, As the wllness can testily to the event. 
so the authority can transm it knowledge 10 UI, 
handing on tradition. divine reve lation, or divine 
command . • . INTuITIONIU •. Intuition 15 a direct Ip .. 
pr, h, n . lon af truth which Is not the result of 
reasoning or sense-perception : an immtdiate, non
dllcurslve. non .. symboUc ptnttrolion inla Ihe nalur, 
ol lhe objtct (Btfgson, the Mill/irS). C, IATIONAlIllll . 
(1) R, .. on Is capable ot graspIng basIc truths inlui· 
lilltlll and deriving all other t ruths lrom them by I 
prlDrl rational procedures, logical demonstrations, 
ctc. (Ari5lall., Aquinas, DucarlCi t Spino:a, Ltibni:), 
(2) Ratlon,llIm In Absolule Idull,m opposes to this 
"linear" procedu re theconC8p I Ion 01 rat I Dnalln.llht 
IS a growthol the whole'lIision lrom Indeterminate to 
detenn Inate. In lesseltreme form, reason Is necessary 
to distill out of sense experience or Impart. to sense 
IIlperlence, "nlvenal n,eellar),lawI, O. EM~IIIC IS". 
Empha.sltes Indispenssblllty of experIence lor 
knowledge. (1) IlEHEnC EMPIRICISM stresses IIlperl. 
encc as the original source of materials 01 knowl
edge. Locl!.~ said there were two sources of our Ideas 
- H n.atlon s nd "lIretlDn (Introspcctlon) - whlch 
provide the mind with Its raw materialS. (2) Most 
empiricIsm Is a lso ,vld,ntla l, stressing experience 
1..5 tho test 01 oolidilJl 01 btlitfs, u In PragmDlilm 
(Jam", PtiUt, Dewtv) and Logical Emp,irici$m 
(&lIIicll, CDmDp). Empiricists admit a priori knowl
edge, If It all, only In logic and pure mathematics; 
otherwise all knowledge of fact Is a po$\.,lorl, I.e., 
derIved lrom and tested by experience. (J) Recen t 
emplrlolsts tend to give a larl'e r role to reason In the 
or,an":allon of knDwledl', stressing t he Ihro· 
retical aspects of science u contrasted with simple 
perception. They emphul:r.e the tentative, hypo
thetic:o-experlmental, and self-corrective character 
01 sclentlll. L CONVEMTIONALISM (P. Duhtm, H. 
Poincar.). A riven body 01 dat..a does not u nlquel1 
determine the theory whiCh will Interpret It. There 
Is no "cruCial IIlperlment" but always a choltlll 
among IUernatl'" h),poth'HI. The choltlll cannot 
be made on grounds o( evldenOlla lono, but requires 
I. decision or convention guided by practical, ec0-
nomic, aelthetlc, or other motives. 

..-215-.......... 
• EPISTEMOLOGY: VAliDITY OF KNOWlEDGE 

(TlIUTH/ FAUEHOOO). A, COII£l"NO£NCE THEOIIY 
(Aristoll~, Loeb), Truth la co""pond,nca of 
thD"lht with obj«liue IDct. Test Of truth Is com_ 
parison between thought and lact: Is the fact. u 
t he thouiht thlnkl It or the st..atement state. It? 
I . COHU£NCE TH£OIY (H,gtl, Brodl'/I, Bosanqutt). 
Trut h Is the ,),.t,matle eoh'flnca Df I"d,m,nt,. 
Test 01 truth Is tonsis/,nce 01 ojudgmtnl with other 
Judgments, Its nttlng Into a coberent sYltem 01 
judgmentll, ultimately Into a slnille absolu te sys
tem or judgmen t. C, PlAliMATlIM (Inltr"mentall.m). 
Truth Is the ,"eetl",n," D' In Idea used u a 
hypothells. Test of truth Is whether idta IOO r.u 
when t"ttd by experiment: guides us l uccesslully 
In solving problems. Pragmatists vary In Interpret,... 
Ing "SUCtlllSS," F, C. S. Schilltf viewed It In terms Or 
"til It)'; Jamn as human utillactlDn; p,ir", Dtw'l/ 
as predleU", pow", verlnabllLt.y, utility In Inquiry .. 

___ 28'-"""'" 
• AESTHETICS. A. DEFINITIOH. Theory of art and 

beauty . • . AlT AS IIilITATION (Mlm .. ll. Mlmatle 
Th,ory- Aristol/t, Plalo,) Art Imitates or depicts 
an object, whether IndlYldu al, Ideal, or unlvenal. 
Thus for Arirtol/t, tragedy II an ImltdlDn (rtpre
sen/olion) 01 human action In whiCh a good man 
comes to di lUter because 01 some fs lling or detect. 
ItIl purpose Is to elJect a pleuurable cathanll 
(purging) 01 the emotlonl 01 pity and fear In the 
spectator, PlaIa also uslld the Imitation theory to 
a rllUe that srt Islnlerlor to philosophy and should 
be rigIdly controlled by the Stlte. C. AESTHETIC 
"EDOHIII11. Generall}" , the view that beaut y or aes
thetic! Y1lue lies In the capaclt, of an object to 
Plealt us In aes thetic contemplation. (1) AOUINAS. 
'rhe beautiful Is that which pleases In the mere ap. 
prehension of It. (2) SANTAYANA . Beauty 15 " pl'''Llr, 
obj,ctlfl,d," I.e., our pleuure projected. spontane
ously as a quality of the object, which t hen ap:peafJ 
to us IS beau tIful. D. AlT AS I£YEUTION (Htgtl, 
Schaprnhauer). Art embodies In concrete sensuous 
forlll a higher rea lity l ueh as a Plltonle Id,a , the 
Absolute Ides, or ( aJ In music acc. to Schopen
hauer) the Will . L AIT AI PUV (F, Sthiller, K. Lang', 
Dt lVi/I Parlier) . Art enablu human Imagination to 
operate fl'llllly, throu l h the order It Imposes on the 
piayfulaaUvlt1 of thelmarlnatlon. AlIled tbeorles 
make art an .. upt or 1II", lon, as In Fr,ud (srt .. 
the socIally relevant expression 01 repressed wishes 
and desIres) or Lang. (art as a self-deception by 
wblch we escape Into an Ideal world), F . .lIT AS 
EXPI£lSlON. (1) CIIOCE. Art Is an .. preliion DI 1m .. 
pr ... lon., I.e" t he splrltusl transformation of the 
raw materials of experience Into inluitions, lyrical 
visions, 01 the concrete and Indlwldusl. We achieve 
thereby a knowledge dllJerlng lrom the unl,'el'
sallzod, conceptualized knowled;e Of science, 
(2) COLLl HfOWOOO. Art t. the n prUllv, obJ,ctlflca .. 
tlon of feeling, ralslni/"ling to I level 01 consciou,· 
ntn. e . OT A. COIIIIIIUNICArION. (1) TOLSTO Y. View. 
artistic expressIon as act ivity In which the artist 
transmits his emotions, by means of CDnl cIOUI I)' 
conltructed externll II, nl, to other persons, who 
may then experience the same (eelings. (2) Contrast 
the Atslhtlir Formalism 01 Clillt B,I/: art Is I. Iln_ 
,1,11" Df , mDUon. where the emotion Is a lpeclal 
aesthetic emotion experienced In apprehending a 
"strnlncant form" rather than t he represented 
content. H. AlT AS CO!f1'at"""TION AT A OISTUCL 
Bullough views the aesthetic attitude as one of con
templltlDn of In obJect, achieved as a result of 

~:::r~:I.~3{:·f:%;:'!c:~ d!~je~t~r::t~~~ t I ~~~ ~~~ 
gear with our practical nceds and ends, and thereby 
a llow ourselves to enjoy the contcmplatlon 01 tt. 
I. AlT AS atl'UMY (Upps, Vtrnon we), Empathy Is 
"Ein/ulllung ," li terally "luling one's srll into" the 
object. In the aesthetic experience we project our 
own life-feelings, emotions, attitudes, actlvlt1!S In
to the object., and thUS experience It as beautiful. 
I. AlT AS HEIIIHTENED EX.£lII£NCE (D'/(It/l), Art 
purines and heightens the features tha t make ex· 
perlence latisfylng or consummatory, raisIng them 
abDn the threshDld of perception 50 that we may 
enjoy t hem for their own sake, 
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! I!l EXPERJMEHTAL METHODS OF PSYCHOLOGY. 

~::::) A. IUIC 'I'NCII'lE. 1. Involves a controlled s ' t ua- If.:~lf.\:;~~~;;;:~;~;~\I;i:!~~·;~,~;'iE:~:~:i~ ~ 0 tlon where obwrntlons are made on some de-
(I) > p41ndilnt vmable (0 lomple oj behavior) when one 

factor (the Independent IIIInable) , assumed to be "' •• ,.""' , •• ,:: ••• " •• , ••. , " ,. " ••• • ,,. ..... ,,,. 

related to the behavior , Is systematically ""ed'I'~~:~f'~~~'~~'~~~:t~:i~'i::~}~f~[;!~~~~~~~tt~~; 2. Comparisons are made with a control cond/-
t lon where tlle Independent variable Is held 
contbnt. Independent variables normally con
sidered are c1asslned U environmental. task, and 

1.1.1 Procedures for controlling the presentation of '.".:~'.;'''": ;~~i~(;,' ~,I~:;1 

... . PRIMITIYE 

crea,". 
stages ot 
decreases. 
tlon. We do 

lubJect variables . • • nYCHOI'HHICAL MnHOOS. I ~~~~~~\~~,~;!,~t:~~' 
~:i: tUmull to oburwu (0'.). 1. THE METHOD Of 'r, 

.- !:!::! AVER ... GE ERROII. Here the 0 manipulates a I:~~[~~~~~~~~ir~~]~~~~~~~ ~~~:~~;,~:;:;~j;:;~~;~~;':~Jj:~J:[j~~~ ::,:> stimulus and tries to adjust It to match a stand-
a.. :::::I ard. His errors are aYeraled . These errors can be 
~::::) of two t)'pes, eon,tant and variable. Combnt 
6: ~ Irf'On Indicate a general tendeno), to either over 
~ - or underestimate. Varia bill erron measure the 
u ~ consistency with which 0 sets his stimulUS. 

~ EXTINCTION. A. UPER.MDlTAL EXTINCT/OM 
When the CS Is tollowed by tbe US , conditioning I: 
maintained and strengthened. It the US i.s omltted 
t he CR gradually diminishes. 8. SPDHT"'HEOUS 

RECOVERY. Arter a period ot time, an extlnlubhtt 
relponM may again be elicited by a CS. Sueceedlnl 
extinctions occur more rapidly untU there Is nl 
rUrther spontaneous recovery. C. G£NEI ... UUTIOH 
Dr EXTINCTION. Extinguishing the original Cl 

will also result In the reduction or tbe respoo 
to generalized stimuli. D. THEORETICAL POSITIOMS. 
1. It Is widely held that extinction amounts \( 
new learning (counter condltlonln,). 2. PaviOI 
though t of It as the spread 01 Intemlll InhibItion 

:-=: u 2. METHOD OF LIMITS. The ~xperim~nter {fl, gradu-I~,::~~~"i~;:::~,;~ !:! i:::!: ally changes a stimulus by dllcntl steps, until 0 a. reports equllilty or difference from some standard. .:.".':'. ,"', ... , •• ''C' , .. .. 
J . METHOD Of CONST ... NT STIMUU . E calls tor NI- 1",:.:;""'".0'-'',0''''' ','r- .... " ...... ,._ .. " .... ", .. 

peated comparisons between some standard and 1"''''-','''''''''''''''''' 
a series of IIxed com,-rhon stimUli dJlterlnl by .,., ... , . ....... ... .. , .. , ... ,,., . • 
known ,maUst_Pl. C. CLINICAL METHODS. 1 . TEsn. 
These can be obJectlv" with a limited range of 

possible answeu; or proJeet lwe, wherein the SUb-I;i~~' :~;;' ;;~;' t~~~~~~~~:;~~;;J~~;; Ject (S) 1.9 asked to react to vallue, amorphous, or 
cc • or unttructured stimuli (ue J1:C) In tums of his :r ~ own background. 2. flATINQ SCAlES. A t rai t IS 
z)o( dllSCllbed In terms or low to high In a number Or 
- ~ steps. The rater Indicates where he believes some 

:::::1I0I:l person, Item, or stimulus nts on the seale. Ratings I rl~~~~;::~.~{i~',fr~;~~;¥, .. i:!~r:)~i: ~ CI) suiter f rom halo efleeh ($II~ J7:F). 3. INTEIIVIEWS 
> ~ ANO QUESTlONN ... IRES. These suiter trom possible 

~ ~. OTH£II METHODS; lonll tudlnll l (long term 

".:i~C;;d:\i(~~;~,::~ J . Hull el&lmed any response generstes soml ;. ', ...... " .... " .... ,eattlve Inhibition , a state analogous to 'atll u. 
'~th,,,i ";,ill";'1,';;ii'.~,;;;,ilii~n·lni, This serves as a negative drive leading to a re.t· 
~. Inl response. The CS comes to elicit thl.9 rest. 

Ing response If It Is given rrequently enough 
E. DISCRIMINATION. l . 1f a speclnc CS Is re lnforcee 

.::::~;;" .:;:,::" :I while another on t he continuum Is not, thl 

~r.l~[~~~~~~;;~~'·.~·1;.~::t:~7,·:' !"1 organism comes to respond to the IIrst but n01 to the second. 2 . This procedure contrasts l\1tl: 
generalization and allows the organism to re
spond only to appropriate 111m 1.111 . 

···· ·: .. ·.-."1 ~ 

i= ~ deception, lack of rapport, overgenerallu.uon' I~~~~~~~I~l~~I~~~~~1 :II: ~ JgatiOfU, obtaining cas~ histories, e/c.), Or cross
~ iii teetlonal (the more tvpical a~rim~ntal o~ratian). 

ffi ~ ~ IIASIC METHODOLOGY REQUIREMENTS . 
a..::::E A. I ElIAIiUTY. 1. To be acceptable as a faot or a '~;"~i;·wh':;'i'I:!i~'i.;;i; ,~',;;,:'b:~~'::;";;~;;~;;;:? I 

method, It must be dependable and give about 1 :J'~~~:~:~bl:::" ,v"',,;,;;;;;; 
the same results every time It Is used (reproduc:l- n 'O,~~}~.~~.~;:~ ;~;,~;.::::~~~,;; 
bit). 2. Reliability Is commonly measured by iii 
. btbtlcal procedures Invohlng repeated measur-

Ing. Comparing the dllterences between two sets ~~;,~i:~£;:;~;~~;~t;~!~:~:h~;i~1;~;~: I or scores on the same people, by special tech-

.• nlques yields eoertlc:lenb 0' correla tion. l :j~~~f~~:~1~1~:;~~~f;~~~;:~~:1~~~i~~i:l: ffi •. VAL!OITY • . ?t- nndlng must be hue: A tes/ for 

~; m il"i""~"l'~~';';bi"!"~Y~'~h';"!'d~"lotjm~"j'~"j"I'j'"i"~1I;i'!'i"!"~'~ I !~~~~~~~~~~~~~~~~~ 
~w 
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response, It Inhlblb behaVior through fear. 
(b) When an organism Is punished (hurl) when 
not doing something, It learns to .. ea~ trom 
luch situations by performing whatever response 
Is necessary. Cc} Later It nold. the punishment 
Itse lt by making the response IMfOA the punl.h_ 
mi nt It some approprlato warning signal Is pro
ItInted. Cd) In general, Mowrt!r holds that emo_ 
tional .tatn serve to guldo adJu.tlve behavior. 

~ HUMAN LEARNING. A. RELATION TO 
COHOITIONIHQ. 1. Skinner regards verbal learning 
u another form or In.trumental behavlor. 2. Tho 
aequlsltlon of speech Itself has not becn salis tae· 
torlly uplalned. Onc:e speeeh Is loarned , It Is 
then a matter ot Nllntordng eortaln pathrn •. 

e£) RESEARCH ON VERBAL LEARNING. Hermon 
Ebbinghaus (1880) Introduced nonMlnMl syllables 
(/1lIO COlLlonanls and 0 lJOWe/: "zom") as material 
tor memory study. A. URIAl ORDER . The subject 
learns a list , presented ono at a time by some 
automalic device (nMlmory drum). The usual 
pattern of learning s hows: 1 . Flnt tew and Int 
few syllables are learned .. rller than the rest, 
with most dlmculty just beyond the middle of 
t he list. 2. GrOUping the results ot a number of 
lubJecu will show a ne,a tlvel), accelerated learn
Inl curve: I.e., IttfJrning is s1owt!r in the loter trials. 
i. Distributed ('paced) praetice Is better than 
ma .. ad practice: 1.0., fewer trioll art! rt!quired if 
rrlll are allowrd be/wren /rials. 4. Learning Is 
facilitated by prior ramJlJarl:r.aUon with tho 
syllables. 5. Actl¥e learning (trving to onticipate 
and voaJlizing) Is better than panlve. 6. Nonsenso 
syllables wit h hl , h anoelatlon values (subjrct 
remindtd of mttfJningful U/Ords) are learned more 
easi ly than low a .. eelatlon value syllables. 7. 
Mllnln, ful words aro learned botter than non
sonso materials. ' . Tho learning speed varies with 
the total numlMr of unitt; beeomu progressively 
poorer with additional units. , . Remote ISJoela
tlonl are formed so that a syllable early In the 
list may Invite a response of a syll ablo later In 
the IIst.--such remote associa tions Interiere with 
the learning. e . PAllED ASSOCIATES. The syllables 
are presented as pairs with the nrst syllablo 
lervlng as a IUmulul. The learner has to re l pond 
with the approprlato mIIte. 1. Tho learning speed 
f arles with the number of palrs. 2. Subjects tend 
to transform syllables Into nMlanln,ful words 
which then servo u bridges or medlaton. 1. Sub
jects tend to concentrate on one pair at a time 
or a fow per trial and frequontly loarn a syllablo 
In one trial. The addlUonal trials IMl required 
to learn additional syllables. 4. Learning Is sub
ject to nrlous Influences of familiarity and 
limllarlty, the former fatlllbtln, and the latter 
hamperln, learnlnl. c. THE LEARNINII or SKILU. 
I. SEHSORIMOTOR LEARNINII . Following a moving 
target with a pointer exempll nes a .. ntorlmotor 
b.k, whllo learning meaningful words olllm pll
nos a verbal blk. In most tasks, thore are both 
sensorimotor and vubalcomponents. 2 . EARLY 
nUOIES. Investigations with telegraphy have 
shown that: Ca ) There are substantial dUror
ences between Individuals In tho speed with 
which learning occurs. (b) Many subjects showed 
plat'aul or lengthy periods of no Improvement. 
The latter have been attributed to the presence 
of habit hl lfll rchl .. or levels of habits. 

B2! RETENTION - FORGETTING. There are no 
lood or bad memories. onl), good or bad learners. 
A. rACTORS IN FOR;mINIl. 1. TIME. A few psy

chologists postulate a factor of dllu .. : 1.0., thot 
neural boNIs wfGktn whtn not USN: howover, tho 
e,ldenee Is meager. 2. INTERFERENCE. Most theo~ 
ruts favor a competition or Interferenco vlow. 
U original learning consists of 51 -+ Rl a nd the 
l ubject now learns 51 -+ Ra or If some generalited 
form of Sl Is Involfod, he will thon be unable to 
recAll Rl becauso Ra keeps re<:urrlng. This cor
responds to an Interference theory of eltinctlon. 

I . MEASUIIES Of IETENTIOH . Recall, luo,nlUon, 
and relllrnln,. Usually If one re learns forlotten 
material, It takes less time or elfort than orlll
nally. The percent of elfort sued Is callod a NlV
IntI KOnI . C. RETROACTIVE INHISITIOH . Tho Inter
ference hypothesis applies to a standard experi_ 
mental si t uation: LEARN LEARN TEST RElEN -
1. "SIC DESI'H ; A B TlON fOR A 

bpertmenbl,fOUP! Yes Yes Yos 

CanUel ,roup Yu No 

The Interpolated material I can bo learned at 
all1 limo after the orl, lnal material A Is learned 
and at anytime beforo tho test for A. 2. FINOINGS. 
(a) Tho degree of Intorference Is less If eit her A 
or I Is learned well : (b) It Is greatest with In_ 
~mpllte learning; (c) the degree of Interferonce 
Increases with tho Ilmllarlty between the mate
r ials learned In A a nd I . O. GENERAl COHCLUSIOHS. 
If nothlnl new Is l08rned after the learning of 
somo response, that relponMl will not bo forgotton. 
Experiments with s ubjec ts who learn something 
Just prior to sleep Indicate that Ie" Is forgotten 
than If normal daytime routine Is followed. 

E. OTKEI FACTORS IN rORGmIHIl. 1. INADEQUATE 
OIll:IHAl LEARHIH'. If original learning Is low In 
,tren(th, retention should not be expected. 
People somotlmes learn without conicioul Inton_ 
Uon of remembering. IntenUon to remember ap_ 
pears to be helpfu l but Intlcklnt8l learnlng (learn
Ing without intent) has been regular ly shown to 
yield /KJOr retenUon. 2. INAOEQUATE STIMULATION. 
If the stimuli presonted are different t ro m tho 
orillnal, we can expect poor retention. A question 
asked In an unfamiliar way may not elicit deslrod 
answer. 3. EMOTIONAl FACTORS. Freud hold that 
even mildly traumatic InCidents might be re_ 
pruMld or driven Into somo unconse/ous leve/. 
Somo psychologists argue that unpleasant events 
are more readily forlotten than pleasant. 

~ TRAN5FER OF TRAINING. The Influence of 
put u perlenco on future behavior. Transfer 
must be thought of as pOlIUve Dr ne,IUve. 
A. PROACTIVE INHIBITION. The terms Implies 

neglltive transfer, however, It Is evaluated In tho 
Slme situation as 15 posi/{I/e transfer. 
I. EXPERIMENTAL LEARN LEARH TEST RETEN ~ 

DESIGN. A 8 liON FOR B 
hperlmenbl,roup T Yes Yes Yes 

ControllTOup T No Yes Yes 

'. EffECTS. If tho OIperlmental group reta ins 8 
better, etrects of learning A are assumed to 

have tfllnsterred p"UI",I), to learning II. H I Is e.perltnee b!)foNl wo can be frllhtonod by such rovoal his nature In his r esponses to ambl,uous 
rotelned less 11'011, the errects are consldored nlt,a- thlnlS as tho dark, snakas, corpses. 2 . Hebb says Itlmull (ink~blots, douds) or to plcturos of poople 
tlve. Usuall), negatlvo elfects are duo to Inter- we must nrst learn how to bohavo In the absence In variOUS scones (Thematic Apperception Test, 
feAnce. Posltlvo orrocts are assu mod to bo due of such stim uli; tholr appearanco leaves us with_ TAT .) 0. INVENTORIES. 1 . Subjects Indlcate praf_ i 8 
to tho easier learning of Identlc.al elenMInt. out a useful r':S0nso 8 MOTIVATIOH Fear Is erances, modes of action In common situations, ~! 

~~~o;~~i!~lr:~ IJ~o ~~~~l~~:i. wi~~ t~:T~~~~fvs:, ~~~II!r rrff~l,a:arvesas to~cO~:;~1 ~~g"V~'~trhr~~h:~ ~~':!~:::Ir;::' P~:il~~~; .o~I~~~I~rstoa~!,~!~:~e~es~ f; 
INHIBITION- OS;OOO'S LAWS. Attempted to de- the feedback of IUmull genorated by responses sInce thero Is no accopted measurement criterion . ... _ 

scribe the relationships botweon t ranlfer and that arouso tho drives. C. 'HYSIOlOGY. Chronic 1. Minnesoto MuUlphosic Personalilv Inuenf0'1l ~i 
retroactive Inhibition In the fo llowing laws (from activity ot the ANS Is allegod to bo a tactor In CMMf'I): designed to got at numerous areas or ._ 
E. R. Hi/fJard); l . If new s timuli aro .Imllar to old p.ychosomatlc IIIne ... According to St!IIIt!, itrelS sources of dlsturbanco. E. TYPOLOGY (THE APP'ROACH ~l. 
and rcsponses are Idontlcal, transfer Is positive may result In a three"phased pattern: an alarm THROUGH THEORy). 1. A preconceived vlow might ~ ,. 
and high. 2 . If new stimuli ara less .Imllar and "action (0 shock s/(l/t!), Il "Ilstance phue, Ilnd a hold that people can bo divided Into types: Intro
responses stili Identical, positive t ra nsfer II fina l ItIha ustion phale. Theso phases follow c~ - verts and extroverts (lung) , or as by Spranga, 
fo wer . In both or theSe eonditlo ns, rocall or orlg~ t remo a nd prolonged dreu and togothor t hoy aro Into Ihtort /{col, otlfhelic:, economic, /HllificoJ, soriol, 
Inal learnIng Is high. 3. " sUmull aNI Identical called tho aeneral a da ptaUon ,),ndrome. and rttligious types. 2. Inventories or questlonnalm 
~r~~~:r:nSdesS~~I! i~~I~aer~e~~:rrnls,~!;~~O o~r t~~ • . ':lda,-,.l, ' .'.:J*"'9c'al-' are then devised to determine to what degree a 
.original. 4. H stimuli arc Identical but responses ~ CONFliCT AND FRUSTRATION. Frustrations Pse~~~s ~~t ~~!r: i~pe::Al~)~er'f~e ~os~A~'::_ 
aro dlt'nent, the transfer crrects 11' 111 be nltiaUve are tho results of Interference with progress to- mon tool. 1. Lists of adjectives are supplied, C 

and reeall of original material greatly hampcred. ward a ,oaL Conlllcts are presumed to arlso from marked orr on a graded line Into varying num~ : g 
S. If both stimuli and responses are neutral, opposing forCt!S, stimuli, motives, or t!motians bers of steps labeled lIerV muth, olltrage, ueTJI C 

thete 11'111 be no systomatlc erreets. which mako progress dlmcult or Impossible. lime, etc. Tho rater Indicates how, In his Jud,- -4~ 

-j:'W:"WN :;::~:~H~f C~~:l~Wan~~~al l~~~~~"u~~t:~R~C~~_ ~:~t, ~.gl~~~ Rs~~tl~tG ~~e~a~li~:e;:wee!d%~I~: ~~ 
~ THINKING AND PRO BLEM SOLVING. proach two dille .... nt objects. Solution : approach resulUng In emphasis on cardinal or ,eneral ;:; 
A. CHARACTERlnlCS Of THINHING. 1 . Occurs whon ono, then the other. 2. AVOIOANCE-AVOIDANCE. traits. (b) Too many "yes-no" judgments; need a~ 

t here Is no Immedlatoly available and approprlato Tho arianism Is caught betweon two nltla tlve I raded (continuous) steps. Cc) Raters frequentlY 
ha bU. 2. Involves a dela), between tho stimu lus Itl mull ("detJil ond the deep biut! sea"). Solution: operato under a halo errect: thell. form somt! p'enaol 
and responso. The thinking, H any , goes on dur- got out of t ho neld, If possible. 1. APPROACH- t!ooluofion ond thtn role all tl'lllis fairlv uniform1v. 
Ing this dolay. l. Essentially tl covert, Inner ac_ AVOIOANCE. Tho organism Is stimu lated to a p- Q. CLASS-MEMBERSH IP APPROACH. Inferences about 
tlvl t)' which wo know only by Inferences from proach somo goal; at tho same time the approach personality are drawn from the locla l and eco
behavior. 4. It Is a . ymbollc act\¥lty, assumed to Involves dancer. Solution: depends on strength nomic Ita tUS of a person or his family; his polilic:ol 
bo mediational, I.e., it conntcts the external stimuli of drives, degree of danger, etc. It positive a nd offiliations, clubs, job, rociol or nolillnal origirtl, otc. 
with a strin of inft!rnal responses which in turn negalho aspects are nicely balanced, thero will II. GOALS AND ASPIRATIONS APPROACH. 1. Assumes ~ ~ 
stimulate somt! Ollt!rt rt!sponlt. B. THE TOOLS Of be II(ICll/ailOn, hellta/lon, resort /0 compromlSts . that Individuals are motivated dllferently by .. 0 

THINKING. The mediational acthlty can be de- retrttfJ/s info somt! dt!fensillt! atllUl/V whICh qut!lls common ,oall: the need to be lolltd, to domifUlfe, ~:E 
scribed as purttltlmululach Which might takovar - the onxidV to somt! dt!grt!t t!1It!n if tht! conf litl is /0 oliain prtstige, etc. 2. Needs aro assessed by :JIo-4 

lous forms: 1 . Movem ent_produced stimu li . 2. not solutd. 4. OOUBLE APPROACH-AVOIOANCE. Two questionnaires, Interviews, projective tests , etc. ~ ~ 
Sub_voeal verbel behavior. Wolson described much attractlnc Itlmull arrect the organism : approach- I. PHYSICAL MEASUREMENT. Some assume that -< ~ 
thinking as amounting to "Ialking /0 /lourse//." Ing one means Irrotrlevablo loss of tho other. body type Is re lated to personality traits: fat 00 

1. Fractional a ntedaUn, respons" (r. ) aro partial Solution: similar to 1. abovo. B. ASSUMPTIONS OF (pyknic, endomorph); lean (asthenic, edomorph}i c;;;;;;;: 
aspects of previously learned goal rosponses. MILLER'S THEO.RY. 1. The tendency to approach or in-be/ween (a thletic, melomorph). J . RESULTS ::e C 
Such r.'. can produco stim uli which may then a goal depends on the dlltanee to tho goal Just OF INVESTIUTIVE TECHNIQUES. There bas been ;:: z 
Initiate some overt activity. 4. Neura l procell". as tho tendency to avoid deponds on neam ell. little or no success In t),pln, people. The), tend "--1 
D. O. Hebb postu latod recurrenL neural circuits The strength ot the tendenCies to approach or to spread out on a ll kinds of measurements Into ~:: 
or cell essemblles become organ Iud In chains aVOid varies as a ,radlent; the Ilope 0 ' the ne,a _ normal distributions with 0 small percentogt ot -I "" 
called phase sequonces and can bo self-complet- live gradient Is steeper than that of the posltl",. the extremes, most in the middle. 
Ing when Initiated . Such sequences a mount to This permits the gradients to cross. 2. The holght 
thoughts or thinking. C. THINKING AI SUBITITUTE of gradients ea.n be changed by changes In drive. ~ THE INTERACTION OF THE EXTERNAL 

ACTIVITY. 1. All ot the abovo PUA I Umulul acts E:"r."'I ENVIRONMENT, THE INHERITED 10DY AND THE 
are substitutes for direc tly observable bohavlor. ~ CON SEQ U E N C E 5 0 F CON F L I CT . PERSONAUTY. A. THE FREUDIAN VIEW. (1) Men go 

~o~~~usc~~~~~t~ra~~;~~~V~i!v:~o~~~rvI~tll! ~u~~:T~~:::N ~lg~~ :r~!:.'tat~:~ ~II;! tl~~lo~~ (~~~~ ~~ta~i,:!ep~,:,~:~,rUg~~~' ~:~:,:r;;:~~ ~ ~ 
Ini tiated. Thinking Is thus cover t " tria l and and behavior patterns usoclated with trustra - (strong ol/ochment to the mother, antagonism toward ,., ,., 
IttTor." 1. Solutions of problems cannot be pre_ tlon. Reactions will vary.wlth past oxperlence tht lather); (3) are subject to the sarno ptflSUI'ft ::E::o:I 
dlcted. Even with the necessary backgrou nd, (dttgree 01 learntd frullro/lon tolerance) but In or ,oall (sotisl"ing untOrtltious Id urgts) which g;c 
wron, MI t (improper Pt!fct!ption of elemltnts, ttt.), goneral we ean OKpeCt: 1. APATHY. Su bstltu- may be In contlict with other loals (cotucienc, ~: 
may Interfero with successful lSSOelations. tlon of goals, various defenllve tactics. (See B.) or Supere,o). B. THE JUHGIAN VIEW. Man Is un~ ,.,:00: 

2. A6GRUSIOH. Usually directed at the source of conSCiOUSly rulded by the uperlence of hi. race. ~ ~ 
~ INSIGHT AND PROBLEM SOLVING. A.THEORY the fru stration. If It Is Imporvlous to assault, C. THE AOLEa VIEW. Lite Is devoted to attaln~ (I> Z 

The Glltalt psychologists argue that thinking Is q:gresslon may be displaced on Innocent objects ment of power as a compenNltfon for felt Inf"l~ :JIo ~ 
essentia lly a matter of Inll,ht, whleh In turn, or persons. If the trustratlon Is perceived as It!"_ orlt)'. O. THE BEHAVIORIST VIEW. PersonaUty ~ .. 
amounts to a " dynamic reo,..anluUon 0' the per- cauMld, q:gresslon may be turned ..,alnst the amounts to learning speclftc IuIblb to specUlo C t:: 
ceptual field" 1.0., lhe succenful thinker comes to MI lt . e. OEFENIE MECHANISMI (FREUDIAN). To es- stimuli with ,enefll ilution to unfamlliar situa- S;::E: 
see the re/otilnuhips between the ports of Il problem cape conflict by resorting to forms of temporary lions. E. CULTURAL INfLUENCES. Anthropologist! 3C ~ 
in Il ntw light. Insight Is related to the concept adjultment : 1. REPRUSION. A form at forgetting have foreed psychologists to Incorporate a cul_ ~::oo: 
of underl tandln, or ",eHln, t he prlntlple." of unplOASant or traumatic events (theV ort pushtd tUflll view: to take account ot ways of duld rearing, -
e. CHARAcTERISTICS or INSIGHT. Insight may not into the uncotuc:ious). 2. REGRUSION . A failing customs, rults, etc. Dltrerent societies create vast 

occur for a long tlmo; when It does, It Is suddon back to old habits or mothods of attaining goals dlrrerences In attltud" and IMlulvlor with regard. 
and Is retained for a relatively long period. (aVing). 3. lEACTION fORMATIOH . Oyer-reac ting to tho same stimuli (monev, IDOmtn, dtolh, etc.). 
C. OBJECTIOHS. l ehawlorllt.clalm that solutions In tho oppoS!te direction (showering Ill/ection on W#lal",,'_j,'.ia1if. __ 

come onl)' from past experlenee. All successful someone who II not 10Iltd). 4. PRI).,IECTION . Attrlb- C"r:'t II: -I 
solutions must como suddonly because they are utlng one's faulls, Wtaknesses, wishes, to others. ~ THE STRUCTURE Of .SOOETY. The culture !;:z:: 
the lad tria l,. Insl, ht Is just a label It explains S. SUBLIMATION. A form of compensation (engag~ (arrongements lor group IWUlg) doterrp.lnes maD1 =:= 5 
noth ing. Frequently the problem 'solver can- ing in a .ubslitu/e actiuitll). 6. RATIONALIIATIOH. aspects of dal.ly life: IlIOrk chOIce, mamagt! /HUtnas, 
not explain how he solvod t ho problem and may Finding ucuses tor a lready committed orrors. oge of Nuto/lon, otc. Tho culture especially ,... ; ~ 
show IIttlo undorstandlng. O. THIHKIN" AHO Itrlds adolescents from actl~tles for which they ~ ... 

REASONING. RUlonln, Is coneerned with the ~ BEHAVIOR OISORDERS. A. DEFINITIONS. are physically qUalilied (mamage, IlIOrk, etc.). ~ g 
rules ot 10, Ic and accuracy of problem tolvln,. 1. STATISTICAL. Abnormal poople IMl those at the EI!l THE GROIW Hot merely an aggregate of • n 

':;tMe"'e!?' ~=~r':bi! ~a~t"°~m~J~bs~~'irla:ren~~~: people, members must have ~mmon motins i;: 
E[[!] EMonONAL IfHAVlOR . A.CHUACTUISTICS. It)' must bo deftned In terms of hoalth , etc., ~ie~~~)ra~~yWI~~v:a;h ~~~onSo::u~~~St C: .... :z:: 

1 . Emotional reactions Involfe the ANS. When deviations trom the Ideal would be abnormal. Interaction. A. PRESSUIES FOR CONFORMITY. Often ~; 
considering omotlon we usually are coneerned 3. AO'USTMEHT. People are n,ot a~normal If t~ey strong enough to make a person deny the fIll_ ,;. UI 

with strong Iympathellc action. 2. Emotions are are ,ettln~ a lon,: "An anll_$~:al person mIght dence of his senses; the strength of the pressure! g Z 
dltoraanlxln,; howover, R. Leeper argues that make 0 lotlsjoclorv spoce man. I . CAUSU OF depends upon the n umber of Inlluenclng people 
unless utreme In nature, emotions can be organ- ABNORMAL eEHAVIOR. 1. nRUC1~R~L . OR OR~ANIC their sox, status, etc. B. TNE LABilE aROUP. An 
I:r.lng and may line al drives. B. KINOS AHO OISOROERS. :rhe result of brain InJII1JI, dIsease, IndividuAl can lose himself In It (anonvmitg), 

HUMBER OF DlOTIONAL EX PRESSIONI. L Some be- or laullV phVllcol deuc:lopmmt, etc. 2. FUNCTIONAL reduco penonal responsibility and Increase his 
1I0ve there Is only ono Internal e motional state: OISOROERS. Assumed to be learned because no personal safety and strength: Crowds may do 
utitement. Variations In expression como In physlolollcal defect can be found. 3. GEHEUl. things no Individual would or could do b), him
terms of stimuli. 2. Bridges: We I re born with a Assumed as consequonce of faulty tflllnln" dis- selt. C. THE IMALL 1U0UP. Here, there may be ~ • 
capacity for eXcitement, but by maturation, t Ufbln, e.perlences; thus dovlatlons aro learned pressures ror ~nformlty Which aVOids argument. ~:!: 
other omotlonal expressions can be dlrrerontiated envlronmenbl etrects. c. TYPEI Of DISORDERS. Committees, like croWds, can take "group" Ill- :z:: ~ 
In the nrst year or so of lUo. hc:ltement provides 1. HEUROTICS. Peoplo Wlt~ ro!a.tlwely mild ~is- tlon without personal responsibility. This mil • 0 

the basis tor dlst .... " and dell,ht. Out of dellght t;'rders,. characterized by Ine/fIClenCJ/, compl,!,n!s, lead to ~rpofllte or Institutional thlnkln, In g:: 
grow elotion and f!ff~tion whUe out of distress mef/ett!lIt de/etues. 2. PSYCHOTICS. (Sthltold, which a reality Is conferred upon non-emtent • ;.. 
anger, ltor, and dISgust. 3. Wotson: We are born Paranoid, etc.) Severely dlstur bedl . marked by things: A uniutrsilv or 0 union looked on /U uisting ." .. 
with three basic patterns: fear, a n,tr, and lo 'te. Inadoquate reallt)' orlenbtlans (mlSmterprtt/ own independenllv of the peoPle who make it up. :!: Z 
By condltlonln" these become attached to a and other,' rolts); orten require hospltallutlon. .-:rI :; ~ 
variety of .tlmull and mako up our omotlona/ ~ I h ...... LEADERSHIP- THE INFLUENCE OF AN IN- .:. ~ 
reactions. C. CURIIEHT VIEWS. The number and - THE RAP IES . Becauso of assum pt on t at DIVIDUAL ON A GROUP. The people who are to ~ UI 

kinds of emotional experlenco cannot be accu- the disorder Is learncd, therapy basically amounts be led determlno the nature and quAllncations ~ 
rately detormlned because they cannot bo readily to .nlt~lnln, or .releamln~. A. INTERPRETATIVE. of a leader. A. THEORIEI Of LEADERSHIP. 1. THE 0 

Idontlned. The most acceptable j udgments aro (DlrtctWt, /rtudlan, ono!vt1c); The patient reports GREAT MAH. A leader will not be denied. Be-
made when Itlmull are known, thus omotion Is on memOrlts, drtoms, hIS atlitudes, etc., whllo.the cause of Inherent qualities he will rise to leader. 
a matter ot Interpre ta tion of stimulus etrects. therapist tries to dlseover hidden (from the patltnt) ship, more or less regardless ot circumstances. 
E;;'?1 meanings, uncover orillnal a nd forgotten causes 2 THE 7IM£S MAKE THE MAH At crucial perlodl 
1:::.&.1 THEORIES OF EMOnON. A. THE ~AMES _UHGE and have the patient acqulro more adJustive re_ men Who express the mDOd ~nd ,oals ot a group 
THEORY, Emotional experience Is the awarenesl actlonl to stimuli prevl!»usly arousing a nxl.'ty. will bo forced Into leadership. The same man In 

of bodily changes as thoy occur. Emotion comas B. HDN _DIRECTIVE. (Cllt!nl-ttntertd, Ragtnan). other times might prove unleaderllke. Q 

after somo perception and respanse to &omo The patient Is belleved capable of errectlng his Ci !; 
stimulus: We ftar the bear becoust we run. This own curo through ASsumed processes of Inner ~ GROUP DYNAMICS. Interaction of group ~ ~ 
view revorses tho usual Interprotation. Emotions arowth If allowed to t alk freely In a "permlulve" members. A. THE 'ROBLEM OF COHESION. 1. Group .... ~ 
becomethe re.ulbratherthan cl ulesotbehavlor. atmosphere Wh ile the therapis t echoes and morale. 2. Mutual respect and lubmenlon of :Z::;; 
B. THE CANNON EMERGEHCY THEORY. 1. Emotions clarlnes t he patient's feelings. C. RECIPROCAL Individual Interest for t he goals of the group. r'" 

are reactions to Itres. and dan,tr . They are INHIBITION. (Wolpe) The patlont nrst rank. tho S. Cohesiveness may lie measured by special I:;:; ~ 
homeostatic adjustmonts that preparo tho body the stimuli that cause him anxiety. Starting questionnaires or "lOclolnlms:" Group members ~ ~ 
tor' flight or fight" 2. Emotions result whon the with the lowest of these, tho therapist tries to setret/V inditott! whith mtmbtrs 01 a group art :0 

h)'potha lamus (in the mid-brain) Is subjected to u tln, ul l h the an xiety respon5et by counttr- liked ond disliked bV thtm : tht /iku ond dIslikes .. 
In tenslvo stimulation. Presumably tho ANS In conditioning responses of relaxaUon. D. SYMPTOM ort! thtn plot/ed to determine patterns 01 a pproViI 
turn Is stimu la ted with resulting Increases In TRUTMEHT. Skinner advocates exti nction through and reJection. e. THE , fORMATION Of "PlOUPS. 
hfGrt raft, adrtnalin s~retion, etc. ! . In opposition non" .... lnforcement ot undesirable behavior. Groups are formed when a mutual problem taces 
to Jomu, Cannon regarded the awareness of bodily 'iI:;t -f.i.Mt.1.ii- a number of Individuals and where Individual 
changes as prior to, or .Imultaneous with, overt E:"C":II elfort Is Inadequate to the task. C. SURVIVAL Of 
action. C. THE SCHLOSBERII THEORY. Emotional ~ METHODS OF PERSONAUTY MEASUREMENT noun. Groups often create reasons to con~ 
facial oxpresslonscan be described In t hree dimon_ OR ASSESSMENT. A. DEFINITION PROBLEM. 1. O. Unue after tho original problems aro solvod. ;!! C! 
slons: (1) a pleasent-unpleaNlnt continuum: Allport listed oyer 50 donnltlons emphaslting They adopt new goals or mer,e with others. c: ... 
<,2) an attention-reJection conti n uum (torrupond_ Indl¥lduI I difference., blolollcal and 1O~lal ~ 1!l$~ 
Ing to a nt!go/ille or /IOsiliue interesl). (3) an Intenslt)' factors, loclal IUmulul values (popularIty). Iiii..ill::..J 500Al CONTROL. A. EDUCATION. A society :;"'a 
dimension (from slttp to excitemtnt) o. THE ourn 2. Tho or,lnlnUon or Ira II. that dlstln- controls thoculTlculumand methads oteduea.tlon • ...,~ .. 
TH EORY Emotions descrlbod In terms of Intenslt )' gulshes onc person from a nother provides the B. PPiDPAIiIAHDA. Usually a one -sided presonta- ~ 
and dlrecllonal dimension (opproach or auoidante). closes t agreement among the dcnnltlons. tlon of Issues with the purpose or &uppo~t1ns: :.%~ 

B. ROLE PlAY ING . People bohave dllterently In only one view using techniques like: (1) repell- ;:;~CI 
~ RELAnON OF EMOTION TO OTHER STATES various situations <lother, judge, ttacher) com- tlon; (2) the "band-wagon" approach ("euery- to = 

OR CONDInONS. A. LURNING. 1. Tho condltlon- pllcatl ng porsonallty assessment. C. THE TEn bodV'S aoing it") ; (3) "plain folks" {the "common 
Ing of emotions (/1(lrtic:ulorlv fear) Is widely ae- APPROACH. Personality tests usually do not Ptoplt" ore with us); (4) glitter ing genoralltles 
cepted. Somo omotions-Ilke fear - have Indlroct Inyolve COrrect answors. Tho)' are otten "pro- (" thisgrtol ond glorious couse"); (S) "scape.-goat
learning fea tures In that wo must aequlre some Jedlve" In natUre. The subj ect Is presu m ed to Ing" (bloming deftnselengroups). 



D. SOCIETY. Most Incluslyeof al] groups. 
the entire system of relationships which 
people and distinguishes It from other 
Usu"IIV intludts common Ittrjlo,V. i""9UQ9t, 

f~or:;'j;dj~:d ~~I~RI:~~Y !:cOu
U;; \~~~~I~t 



~C3IT::l''1:::::::::::':::-:-:::::-:-::::--::--'~~-l uceedlni ly difficult the pUl"lIIull or IndIvidual In- "I{"~ common/adliliu. Hence they gra¥\tate toward ralional, formal and impersonal), Norms lend to be 
~IVlSION OF lABOR . A. SIZE. Household too terests or the expreSSion of Individual opinion. A a standard torm, subject to size variations and seen as a means to ends rather than as ends In 

small and unselectlvl! of membership to serve as solution Is found In the establishment of a form- some fu nctional peeullarlltcs. themselvcs. A. NORMATIVE INTEGRATION . (1) The 

~:mT,~!f~~~:~:: (j!~I~~::·,o~P"!':lioa:.Je. :I~~:~~ ~1:nOj~~~~::~ ~:~~~o;~r!:'f:~re~~~'s~ c~;;l EElSTu.nFICAnON IN URBAN ORGANIZATION . ~~e;::~sc!~os:;C~~~Z:!I~~dc~::::r~~:.eNo~~~t:(!.~ ~!.= 
IIgtnrit$) all highly lpeclall~ed . 8 . OPERATION. Indl- Interest: fraltrnal ardtf!, hDbbll clubJ, proftllianal The rise of urban organluUon dissolves traditional Integration Is less a matter of unanimous agrtle. -
Vidual speclaUtatlon enenslve, Increasingly on allocilllio,",gll.dtndubs,alhltlicc/ubJ.8 . MEMBERSHI~ elassell. A. NEW BASE, (1) The relation LO land and Inent and universal sharing at norms than of ~= 
tnk rather lhan Industry basis. Labor force In re- PATTERN . These groups occur most frequently family membership lose their relevance as the IOlical conl lstency among dlyergent though re_ ~ ~ 
latlon to population small by comparison with among persons who have time and lire articulate . basiS of stratification. Subslltuted for them arc lated norms. RcconClUatlon of discrepancies Is - ~ 
that of vmage and town organlz.atlon. Age and se~ Frequency of group membership varies with social. CIIpltal ownership and Ineame, occupatlonl l achieved partly through Inter-,roup adjustment, co.~i 
differentiation loses slgnltlcance as a dependable economic level: Is greater In s uburbs than In cen- achievement a nd conlumption power. (2) Urban (as belwttn arganiltd fabor and managtmenf graups) _ • . 
bas is far u crlptionof roles. rSeeJl ·IC. TECHNOLOGY. trnl cities, and also nmong you ng adults. Whether organltatlon also redistributes funcUona l posl. and parlly through effect of overlapping group .... ,a. 
Mechanlud, highly technical, changeable. In· forma l group membership Is an alternative to In· tions and opportunltles and reconstitutes li fe membcrshlps.(2) Failure of such mechanism leads 
creasing number of human skills built Into ma- forma l assocllLllons Is undetermlncd. styles. The process Is a result of change and can· to legislation and a n enlargement of the body of 

~~II~ e!., ~~~~~~I~o~~n!~~~a~~yl~~Ornr!~!~I~!~ EliJ INOIVIOUAUSM. A. DEPENDEN CE. Under thc f!nn~8!1!~~OC~~:'RCt~:~l{!f~~!~n~!~~~~:~~"';;~lr:~ ~aIST',",dssIO,s'mA'NID"',',m'CTI" ON IN THE NO'MATIVE 
:founrcRe:'e o:a~;:~dTI~;:rc~!~v~~n and communlca_ vl1lRge and town orgnnl1.ntlon an Individual 15 de. (occu/lllfion), opportunity (inrome) Rnd lIIe I l , le ~ 
~~~~""'7:""'''''~';''';''"""""",.,.,.,.,,,.,,_I Pendent on a small number of kl nlmen and (tducalion). Pel"$Ons on a high level In one or two ORDER. Due largely to change which may create 
i'!ldSTANDARDIZAT!ON . A. 8EHAYIOR -PROC ESSES. friends. In urba n organltatlon the Individual Is areas may be low In others. (S) Since there are no new elrcumstances to which no exlstlng norms 
EXCHAN'E. (1) A large number of people living ~~ende7t ton: lar'¥'h nU~hbhr 10f strang~rs a~d ~r:JitC~~d c::'~~S~fa~~:sh a:!e~!o~:t~~~Sro~:&~~,r~ ~e:~:~~iA:; (~~A I~!IL~~~e~t:E~ ~!!~I~ef~~~fS;;;d 
together within a Single organization require ent~ '~Sh~ (r;~~'fe~~'1 ofo~epen~o~c~o o~! nCelrl~~ed restlng mainly on statistical generalization rather productive use of the energies of women released 
sbnd. rdbatlon of behavior . This Is necessary for the IndiVidual from tho family unit which formcrly than on Indications of cl llS consclousne" or from household duties by mechanlutlon. (2) In. 

~~~ean~:,pe~~~ont'h:R~~~~~YI~Ot:;}u~~I~~IO~c:~:' encompassed all of his dll lly life. Individualism ~:~:f;~S~ I~l) r~~~~7d~~I~t!h~' 0~~~~~II~I::~ P~~I_ :~~s.etl)lo~~:V~~/::t~~een I~~~ ~~ ~ea~i~/~~h~~~ 

~)f~~;'~;i~;f::'~~lg:;~;Th~2\~~:t~m~ :~~Odif:1r~Oh6~~tl:&~hl}y~i~l~v;,l£~nh~:~~d:l,::~!~ ~1i~:,fll~;~~!~!l::, ~;1f~~~:~};~i{t~~£li~; ;No1'~I~'~~b~o?{iml~,.,~~~~B;lhrO~,:,a~~~~,I~.I~?,ftl~h;,!,I~r~o~~ 
rults of conducl, rafts, modts of drt SS, techniques of man sot a ro es c occup cs n tel rerent I'~ ","" ..... ''''' , , . 
I II kindS are driven toward uniformity ~l) Tenden_ grou ps. Occasionally. different ro le requirements con$umplian habil •. The associations formed within clgn cultures.C. OBSOlUCENSE Of NORMS . Persistence 
cy 15 pervaslve-unlrorml~y may enend to habits oj are condtrarby_~·nd evcn contrad lbcto~y: prawess in Ihdll ~~~~p~~o"n~~ ~~t~gJ~~~tl~~ ao~~e/~r h:!~l~~~~n'letf~~ ~~rf~~esh~~:e~~.I~fffc~~~fyU~~~~~~daf;~~~:~~rOloof'~C:! 
Ihoughf, judgmtnl of IIIIfuts and personolitll Iraif$. gong an a I!Ultnu 10 /IIITtnls; Ulmeu $UC(t$$ an 
a. SPECIALIZATION. (l ) Standal'tilzatlon Is not air. oburllOnct of rtligious lenrfs'/rolt!sional achieurmenl habits. (2) Persons In lower occupational a nd In- occupation: roi/rood tnginters and firemen. O. PEER 

ict by eItcnslve sptcialilalion. Unlike speclalltatlon 2)d In~dbi1It~ltto d~s:s~~e c~nfd:tl/,I: d~c:ra;J~bi~I~~ f~a~:II\~vge~n~e~~~x t:wf~~~~g:~~z~~gnaS~I~:S.lI+~: :r~~U:cI~~S~~~T~~~ua?!~~~enI1f h~ea{:o":~pa~e~ 
?~~nbdyu~~r!k ~~n n~1wtP.ff~r'!~~I~t!I~,!,y:P:fdli:!~r lead to profound disturbances In the person or La converso Is true In the ulliler loyels.C. OPPORTUNITY Its effectlvenoss as a prlmar,. 'TOUp . Primary as· 
IndlYlduals and famUles. r.,k . peclall.1I use Withdrawal from more InfleXible grou ll sltuallon. YARIABl ES . Affeeted by pOSition In eccupatlon, l soelatlons are sought In peer groups, that Is 

~t~~ad:d:~d!.~~kl~:~: ~c:l~en~oUr~f~~~e ~~g!~~~ E.iliJ THE DifFUSION Of URBAN ORGANIZATION . :~;k~~~'~~~~d~n U~~Pl~~~rt ;~lfc~o c:d~~~S~~~~o~~ ~~sr~i:[i~ii ::~~:n ba:t
e l~a~~~e:erTo~: !~~I:~OI:= 

Jrganlzation; each of whleh Is governed by a stand_ The urban mode of life tends to spread oyor the per cent of white collar workers ' children; 75 pcr cents. The adolescent peer , roup tendS to develop 
ani accounting system, standard governmental total area for whleh the city Is the economic and cent of children of professional and executive norms peculiar t.o Itself and often contrary to 
regu lation and the requisites of a single, Incluslye cultural center. A. EffECn. (1) As rural areas are workers. (2) Llfe·tlmo earnings of workers with locletal norml. Th e dtlinquenf gang is a peer group 
l!Conomy. (2) Standardization tendoncy Is less brought Into the market economy of the elty thoy elemtnlarl/ tducafion averago $75,000, of high $chool which demands 101101111 of its members and btslollls 
coercive In the highly skllled and profeSSional necessarily adopt urban forms of organ lullon: graduolts '170,000 and of rol/ege graduales '270,000. presligt an ba$i$ of succtuful rt$i$lance 10 sociefol 
Ipeclalltles. Such acllvltles are less subject to ad. polltrn$ .of behavior, fashion$ and fadl, and inferrsls NOTE: The findi ng that some 85 per cent of Amorl_ norms. E. ANOHnIlH . I mpersonallty In an urban set. 
mlnlstratlve controls and more open to Indlyldual of aU kinds anume urban form. (2) The process IS ca ns rcport themselyes as being middle class li ng makes then .. lon of norm, easy. The city pro· 
judgment and Innovation. C. MOBILITY. Standard l. aC~lerated. ~y mod~rn forms of com munication - probably means that that proportion of the IKlpU· vldes a haven for habitual evaders. f . EXPERIENCE. 
!.ltlon facilitates mobility. Movement within and radro, lelelllslon, dalill newspaptrs. The fact that lallon have one or more eharaeterlstics that fall Dlscrepaneles eXist betwoon societal norms and 
between cilies and regions are not hamperod by urbanity Is no longer confined to cities Is a In mid range of occupation, Income, or education. actual experience: norm of elflfalifll of opportunitv vs. 
~ulture difference • . Workers can shift from job to eharaeterlstlc of contemporary elvlllzation. ~ &.0:: a slrala differences in opporlumticsi norm of jU$lict for 
lob with litt le or no retraining. Uniformity of can. ~SOCIAL MOBILITY. A. OEr. The ehange of all U$. Iht grealtr $uscepfibilily 10 IIrru f of minorilll 
lumer habits and of access to faelllties slmplifles I::1ILARGE. 5CAlE ORGANIZATION. Development position on occupational, Income or educational group ond lowtr social tconomic leutls. G. ROLE 
Inter_clan moblllt,. .NOTE: BarrIers to movement of the urban organltatlon Increases the ~Ize or scales. B. DIRECTION , Though movement can be CON FLICT. Generated by memberships In two or 
Ire reduced by standardization, not eliminated. 'ar:~f:~ "t,"S:~L~r~sO ~~ ~~~I~W;~l i~~e's~~~f'~~~~: ~t~:~uWr!~dse~do~~~~~PI~g '~ ~~~:~:;m~lidj~~ev~ ~ more dllJunclive , rouJK. 6 == 
EltiTHE HOUSEHOLD UNIT. A. CHAN'ING FUNCTION are unable to cope with the scale of events ment Is .malnly Inler'lener,tlonal : Jon tnler$ a Elil DEViATIONS FROM SOCIETAL NORMS. ~~ 
OF KOU I EHOLO (1) The enl&rged scale of collective encountered In urban socle~y. They laek the $Iralum dl~trtnll'am Ihol of falher. (2 ) An IndiVidual A. GEOGRAPHIC. Most prevalent In clUes lowest -c: _ 
lctlvltles and 'the specialization lostered by urban resources and organlzatlon needed for maintaining once eSLa IIshe In a stratum rare ly moves out of In rural areaa. Statistical dllrerence due In part to ~ 3: 
)rganltatlon eause functlonl to leave the house. extenSive communications, ror ~h6 exeNl lse of It, though he may move from job to Job wl~hln a a greater frequeney of arrest In eltles. Rural area ~_ 
~old. The separation of work from the hom e has eff~t1ve Influence, tor mass production and mass given stratum (') Social moblllt)' Is usually ac· deviations are more frequently handled Informally. ~ ;:;: 
relieved the household of Its basic econom ic fu nc_ marketing, or lor other forms of partiCipation In companied by resldenUal mobility. HOT[: New Deviations In cl tles take the torm of olrenses 5 ~ 
l.Ion and reduced Its economic ro le to that ot a a complicated and Ul rr ltorlally extensive system. stra tum positions are usually accompanied by a against persons. B. STRATA. Deviation resulting In VI Z 
~onsumln, unit. It has removed the Income B. RATIOHALITY. (Seculnlu tlon). Growth generates dllferent dl l trlbution of Interactionl. arrests are concentrated In lower soclal-economle _ n 
Il rner from the household for a large part or each a correspondIng de,ree of ratlanallty In group or- .... M levels and are due partly to the grtlater susceptl. Z!; 
iay with a resultant change In the character of ganlzatlon. The task of coordinating and ad ml n. ~ fACTORS CONTaIBUTING TO MOBIUTY. bUity to arrest and partly to Inadequate soclallu. 0 VI 
nus band· wife relations t rom husband dominance Isterlng the large unit demands s,..tematlutlon A. EXPANSION Of ORGANIZATION. (1) Creates many new lion. Tho latter can be related to t he frequency of t!! ;: 
I.O ward equellt,. of m, tes.(2) The loss of function s wherever possible. This Is par ticularly character· administ rative, professional, skilled and other broken homes and employment or mother as well ;: ~ 

~~k b;r~~ta~~ld~~~e:~:f::~1 ~;rfh:!~:S~bl~~ ~~~e~ t~:::'~~e~uf::~a':e ~~~~r~~~~:~~~~~ :~:I~~~d t~a~~~~I~Sp 0:ao~~~ ~~~I~~. ~~)e: ::!v~~:~ ;!s:~rl~~·~;t~u:~~~~~w a~:co~r.rt~~~!~~~s"'f~ r?" 
ty requirements ol both Furthermore Industry changes; markel chongts, lechnologrrof Innowflons, I"$placed In lower positions by newcomers to the upper strata come to attention or police less tre- I' 
ias absorbed production ~nd preservation of food, popufolian mo~mtnls, polilicaf uphtawls, fashian and organlzaUon. I . TECHNOLOI:ICAl CHAN I:E . (1) De. quenUy and those Indlvldua!.s have greater re-
Lhe makIng of cloth and clothing utenSils and fad$. C. RATIONALITY fOSTER ED BY ; (1) tilasslng In velops new positions and obsoleseence of old ones. sources for defending themselves. 
:urnlshlngs, leisure time equlpmeni, the dlstrlbu- cities of strangers who share no common tradition; 2) Decline of agriculture a nd mining, forces sons 1Clr:;'r::,=,:~~=:::::-~:::-~~:":"~~~::::". 
~Ion of news, etc. Medical care, care af the aged, 2) culture accu mulation, especially technleal Into new and dlRerent posltlons. (l) Mechanlutlon t:..i;;;J MASS soom AND SOQAl MOVEMfNTS. 
lupervlslon of delinquent children marital and culture; e' ) prevalence of monetary system for of factory production and other formerly manual .t. OEf. Society viewed In Its aspect aa a large J :il 
'amlly counsellng, much recreation and even In_ commu nicating values; (' ) general movement \.asks reduces unskilled. labor opportunities and number of more or less anonymous Indlvldua!.s ...... 
~me SIIvlngs have been taken over by formally toward standardl:r.atlon. D. FORMAl STRUCTURE. The expands semi-skil led. aru. (') In general, techno- IIvlnglnfalrlystandardlzedways.8.COMMUHICUION. =: ~ 
, rganlzed., utre.f, mlll. 1 , tOUps. Numerous other effect at Increased rationality Is to magnify and logical history has been.- flrst, the growth of Communication with society In the mass requires ~ ~ 
,ptlonal servlees are available: dOIl-t:are of children, ~~a~Penl tne ~Iormal ~~~u~s Oflgrod~ s~rueltu~ prlm-;,. aCll::t:: (erraCllr); t~e~ t~~h~~wth o! mass communications, media that reach all parts ~ ... 
:~~~~~~Nl:d~~~'g~ Ha~sttnoatD~olw~~:f~~'re~ wlthpe:":c~es°"..~d j Url~IC~~~noP~ad~ e~~~I~I{: ~cfhe ~~t~!r>:~ a~d f~:I!y~~~:I~~:th of t!~~::y o! ~he whole simultaneously (ntw$/Illpers, rodia,ltlt· ~ g 
n seale and number of speelallz.ed extra. fa mlllal 2) Hierarch,. Is elaborated as coordinating task Is Icllvltles (strultt and admmutrahon) at the expense IIIslan). Communication tends to uplol t the least • n 
Jnlts and the loss of household functions to such subdivided and graded In responsibility. (3) Rules of both primary a nd secondary activities. C. RISING common denominator, the commonplace which ~:toe 
Jnlts: the size of the household declines. Loss of , nd u nctions become highly developed and en un- LEVEL OF LIVING. (1) Improvements In the produc· the least able person can grasp. C. STANDARDS. The ~ ~ 
:he producln, function removed the economic clated. (' ) Technlelll qu, lIflelitlon, govern the re· tlwlty of an economy frees Increasing numbers of mass 15 held to be responsIVe onl,y to the garish iii ~ 
mperatlve for having children; hence birth rate Cl"ultlng of the Indlyldual who Is subordinated people from the labor force LO attend schools, and ta wdry, not to the refinements of Ideas, art =: u: 
lecllned . In the US average size of household Impersonally to the specification of the highly which In turn are mul t iplied and enlarged to or morsl Issues. It Is Impressed by the vulgarly 
lecllned'from aJmo~t"6 In 1890, to l.l persons per formallz.ed organlzatlon.E. ~ROBLEMS OF FORMALIn. absorb the growing enroUment. This Increased dramatic (pomp ond c:irCllmslantt. , a uicious crime) g Z 
10usehold In 1960. This reduction was brought While the elabor. Uon of struclure enhances effl- level of mill educallon reduees effective In~ome and It Is susceptible to rumor ( Iht inlNUion from 
,bout by the elimination Of non.fa mlly members clency of group actlvlt.y , It also threa tens a group dillerenllal, . The Wide differences are . reduced MarJ, /9J8) to contag1on of Ideaa (fads, prO/lllganda). 
seruanl$) from households and by the groWing with Inertia and loss Of flexibility. (1) The rule of fur ther b~ tho gr:owth o ~ confrocluol sailings pro- A mass Is a fertile basis for a ,oclal movement. 
:endency of the parenta l , enera llon to live a part formal procedure and prescribed standaNt tends gra11ll, $oclal ItCllfllll, pefl4ran plons, t ic. (2) Style .Of 
'rom a conju,a l unit of son or daughter as well as to pu t a premium on conformlt,. and to stlflo the life dllrcre,!ccs ~re also reduced by : mlLfsproducllan ~ PATTERN OF SOCIAL MOVEMENT. 
)y a decline In the birth rate.C. STATUS OF WOMEN . exercise of Imagination a nd Judgment. (2) The of ,!andardutd Ifems, the ~tl1tlt?l!~tnf of rrufolfmtnl A. BACKGROUND. A concer ted elrort by many 
L) Transfer of functions from household to other rl,ld hierarchial structu re tends to remove ltaders bUllrngand lhegrowfho( crtdll faCililleJ.(J) Shortening people can be directed at modifying a n existing 
Jnlts, mechanl:r.allon of houschold tasks, decline or adm inis trators from operating problems, mak_ of the work -week and Increase of leisure time gives element or at the creation ot a new element of 
)f birth ra.te have all contributed to the rising Ing them dependent on e~tended channels of com_ greater opportunities for eonsumptlon and organization. This generally occurs In periods of 
ItatU$ of women.(2) Greater freedom permits more munlcatlon for needed Informa tion. (l ) Fear of cultivation of avocations. O. EXCESS IIEPRODUCTION . change; hence the effort Is a vehicle of change. It 
!ducatlon greater participation In comm uni ty u ncUom for errors In lower levels of hierarchy When the number of progeny e~eeed opportuni ties occurs most often when rela t lvel,y large numbers 
~tlY lti es 'and gainful employmen t outside the leads to feeding mlsin formallon Into the commu· In the paren ts' stratu m, the new. generation must of people are released from old associations and are 
lousehold. Sill: d lylslon of labor becomes less dis . nlcatlon channel.(4) formality and Impersonellty move Into other strata (a/ len forCing rural to urban confronted with new and unpredictable clrcum_ 
.Inct.(,) Change Is spread over time, thus there of the system tends to Ignore IndiVidual dltrerences movement). The redUCtion of soclal·economlc stances. B. INITIATION . Movement Is Initiated when 
:e nds to be a lag In the adjustment of women to a nd needs. (S) The conflict between the emclent, differentialS deereaaes this type of movement. the stlrrlngs at a number at IIke· mlnded. people 
ihtlrenlargedrangeofopportunlty. O. HOUSEHOlO'S formal system and the need for fl eXIbility has E. VAlUE SYSTEM. Although .. lues are but a ft· are mobilized by the appearance Of a spokesman 
BASIC F"UNCTION. (1) Despite losses and changes, the placed heavy respons ibility on the administrative flection of organizational and material Circum· and leader. Most effective In the early phase Is the 
lousehold unit Is stili Important. It remains the rolc. This has given rise to t he field of professional stances, they may have differential Incidence on charllmatlc leader : Iht forceful visionarll who has 
,rlnclpsl basis of prima..,. releUon, and carries admlnlstratlon.(i) Conformity an rules and proce· Individuals : Emphasis on ptr$llnal adlIOnctmtnl or Iht appeal of a prophef tndowtd wilh mllsfical sanclion 
.he main responSlblllty tor the care and nurture of dures t.ondstoobscure theobJectivesoforganl:r.atlon. "gelling ohtad" and thecensurtof Ihe farr. contribute (t.g., GandhI). This leader's appeal Is usually en~ 
:hlldren. (2) The household pertorms numerous f . INFORMAl DEVELOPMENT. formallt,. and imper_ to moblllt)' uplratlon,. Educalron Is h ghly valued hanced by his being an amateur and of the people. 
:ndlunctions, such as anal states of food pre- lonallty In a system laster the development of as a means for upwaJ'tl. mobility. The goal of Such a leader can enlist fervent su pport fro m his 
Jaration, maintenance of clothing and accessories, numerous Informal arrangements and assocla. securi ty Is pursued through striving lor moblllt,. . followers and can convert the doubttul to his cause. 
;upplementatlon of formal education, provis ion ot tions. (1) Informa l groups serve as a means of c. IOEDl OGY AND PROGRAM. leadership evolves an 
elsure lima pursUits, and performs the Iut Ita,e controlling and even exploIting the mecha nical t::J::l STRESS£S AND STRAINS INOUCED IY SOOAL Ideology and a program (Roosevell, Ihe New Deal). 
n distribution of Incomo. (l) It Is the principal discipline of the organlz.ation. Lodged In Ir lend. MOIIIUTY. A. fAMILY REUnONS . May be strained Dedicated amateurs take positions as lieutenants 
:onsumln, unit of the economy and Is Instru _ , hlp , roup, and cliques Of various kinds, they are by a dlfforence In stub position. between parents and proceed to build an organization (Anli-&loon 
nental In maintaining the Indlyldual's prestige. usually formed withi n the strata of the hierarchy, and children beca use of cont ra r,. norm. and dllfl· League) through formation of chapters or cells 

E&)ISJUNCTIVENESS OF GROUPS. A. MEMBERSHIP ~1r:::1l~~~r!~~es.~~~:c~hl~f~~~rf g~~ ~~~~I"re! irl~t~~t:~~a~3'~~I~!~~'~ i ~~~~!~I~ff:r,:~~:~e~::e~~ ~~~w!~~ t~:~~I~~~~~~I~Aoi/~":t~eu~~~a~~~e~~~ 
,AnERN. Urban organlzatlon comprises a multi. a .Ie t of n~rms regard.lng ralt of produclion, refafi~ru fere with mutual ald .a. CONf LICT IN THE NEW STRATA . thrives on opposition, It 15 likely to end aa merelY 
,Uclty of more or less speclallz.ed groups which Il!lfh sUpell~ r$, prolecllon of member$ from organua- (1) Lack of correlation among rank po, IUon. In_ another protest effort unless It gains a token of 
-elate to one another only with reference to the lronaf sancllons, elc. They are often supportlvo of duces strains especially for the upwardly mobile le,lt/mac,. (e/ecfian o( ils/tadtr 10 a major office) or 
larllcular function performed and exchanged. The the objectives of the organization as well as re· person: Ont might moue up Iht o«up,tlon ,cale an Invitation from some constituted authority to 
mit of membership In' such groups Is the Indl- strlctlve against excessive Dr arbitrary demands. wifhoul a ,orrtsponding mouemtnf on fhe education negotiate (unian mo~ment). E. ORGANIZATlDN AND 
rldual rather than the tamlly or household (0$ in ') Informal groups are powerful factors In regulat· lcale, or upwarrl on Ihe tdurolian scale wi/haul similar EXPANSION . With the establishment of legitimacy 
own organi:alion). In many cases membership In Ing the rate and character of Internal chan,e In mourmtnl on olher $calet. (2 ) Inconsistency In rank a replacement of leadership begins. Professional 
Ine group 15 not a criterion for membership or an organization and tend to shape change to ac· positions affects one's acceptability to Indlylduals oradmlnlstratlyetype leadersreplaeethededlcAted 
lartlclpaUon In another, though there are lrequent col'!! with I roup norml . G. EXTERNAl INFlUENCES. and grou.ps who are In the higher stratu m (Iht a maleurs (portll/lhrough purgt$), though the eharls_ 
nstances of groups Within grou ps (indusfrial work Internal affairs or the large·scale organization are nauueau fiche). These Inconsistencies ofUln provoke matlc leader may remain because of his propaganda 
trOUp and labor union, sludenl bodll and frolernilll). also Influenced by for.mell)' or"':1lxed groups. ex· Internal disturbances In the person. A similar re· or sy mbolic value. Then membership campaigns 
I. DEVIATION . DlsJunctiveness poses a problem a! ternal to It: labor umon$, pro(tUlonal assOClallons, nrse elrect occurs with downward mobUity when are Initiated, resources are accumulated and a 
nalntalnlng the cohtrence of norms In society. governmenl. Some of these external groups orlgl_ Individuals do not accept the Implications of the many-faceted assault on the "enemy" Is launched. 
:Oncentratlon on special functions tends to lead nated from the Informal grou llS within the organl. lower sta tus positions . NOTE: The completion of a Failure to recruit administrative leadership usu
rroups LO adapt to Circumstances of the fun ction I:8tlon or from federations of many local assocla_ vertical movement usually Involves three ,ene,a· ally leads to dissolution at movement (Tow1lJtnd 
lnd thus to depart from accepted norms . Deviation tlons. The function or s uch eJ(tcrnnl groups (tulud· tlon •. C. COMMUHITY CONFLICT. The upwardly mobile motlemtnl). f . MODIFICATIOH and CONSERVATISM . Suc· 
lutlally restrained by over lapping me mbershi ps ing governm(!nl) Is to prot.cct IInO en large the compete for leadership positions (business, ~ocial, cess of the movement affects the ehange sought 
~ hlch provide channels of Inter_, roup communi. prorogatlves of tlaue. of roles. Though ofton a polifical) and for appropriate residential space. Tho and also begins a modUlcatlon ot program ob
:atlon through which norms are reasserted. stimulus for ehange, they can constitute another resultant fr ictions can be productiYe or wasteful. jectlycs and radical proposals. Remnants of the 

source of rigidity (A.M.A. vs. Ftd. mtdical in$uronce). movement grow more and more conservative as 
~FORMAL GROUP MEMBERSHIP. A. PURPOSE. H. HOMOGENEITY Of fORM . All group organltatlons t:...L:l NORMA TIVE OlDER IN URBAN they are faced with the problems of dealing with 
rho complexity, Impersonality a nd Indlvldu al lz.a_ are lubsystems In a. more Incluslye system. Ali ORGANIZATION. Urban organization tends to the organizational co mplexities of 5Ocletalgovern_ 

tlon characteristic of urban organlz.a.llon make must be able to communicate, render accounf$ and displace I.Icred with "cular norm, (which are ment (Social Crtdif mouemenl of Alberla, Canado). 
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Cit,. 1 Uo-I>' In thC;-SII~"cl~~ro~~~~:~~!~, re~dOm li~~~~~~~~~~~~~~~~~~~~g~~~·1 ~:~~~l:l~~~f~~~Jl~~~~l~;;~i;~~:&' a sample are NUable i;;;;o;;;;;;r-;-!iI'l,--;f,I"" I',,- were 10sl • . • one beC4\1Se the grand re.','.hmodPI'.n~m· ~I".nl't ',', 
',proved I ''' I '"' I 2.22 >·>-1 'I'" t'''') - " D d 100 84 305 ...... $\1mso olll. mus .,ree , the ran,eof the true r ba.sed 
N~U6:~~~ 40 36 :... ~i~ ~e~ds~i :~e2 ::~ ~:s!O.;ede~l~ Clearly, under this criterion, 

-':====~lOO~jilOO~~'~.'~':: and700), l odtwobeclus% l ndfmust a sample the null hypothesis. A test Is 
- Igree for any two Dllhe dassifications valid If it yields accurate measurements of the quality It attempts 

Cit,. 2 {lE=fl1 (600 for approved, 280 for disapproved). to measure. Applying this concept to correlation, It DnB wishes to 
II I J Therefore,1I = 2. For 11 = 2, tbe Cbi- measure musical ability In a large number of children, and the most 

440 420 I .05 square table gives limits of X' of 5.991 reliable test would be too long, he could design two (or more) Shorter Approftd 
Disapproved 
No Oplnioo 

180 100 l.l0 ;;v~~~ ~!:, ~~~~ ;n,d ;·i.~~ ,at~!hceh~:~ ~~Ia~e n~~I:e;o~;-e~~~~~~:r ar:~u~~ ~~I~~~~~rg :~~~t~e~t ~~~:~ 
80 84 .10 that there il no significant difference the greatest correlation with the standard test. 

700 700 2.44 in ruction between tbe two cities Is 
X' = S.71 + 2 44 = 8. IS Jen tban 5% and rrealet tban 1%. I I 

ill nME SERIES, SECULAR TREND. A. FlE[..HA"D LINE or TUNO. 

The long.term movement at II. series over time reHects: (J.) growth I :;t~~~:;:~:;,:~d::]~f 
forces, and (3) variations resulting from seasonal factors (when 
series Is or monthly Instead ot annual data). The long·term trend of 
the data can be depIcted by a free·hand Une drawn through the data pattern of the varlable, (2) variations due to cyclical and random I j~~~~~~@~~~~~~!~1~~j~~;~:;~~f~f~;'f·~~II1~r~~ I~~~~~~~(~1fji~~~~~~;~· 
plotted on ordinary graph paper. (When the trend appears to change I :;;~.;;·;;ii,;;;;;'~;~;; :'~~i;ti~~;' ;:;;;,;i'tl 
at a steady rate, the line should be drawn through the data plotted I' 

r~df:~~·~o~erh:eih~ ~ru!'rif t~~~rr~I:!taa ~r~rc~\~~ t':~ e<:J~~ ~~.;~ ;~::::j~~:ii~~,~~~;::;:;::~:i~~i~:!\ or tails short at the value to be expectlld from the long· te rm growth 
eXperience at the varIable. (b) To extrapolate the trend, not tor the 

purpose of predicting the exact size ot a tuture value, but for a 1 ::::~;I:::h;'I";~~"::,:~:';::::; ':~;~'.~::~ lltandard ai/alns t which the value can be compared. I . MOVINI 
AVEIAIU. The average value ot the variable for a number of years 

Is taken to represent the trend value for the mid-year of the span' I :: ';:::::~,n,~,~;;;:,'~:::,.:~::~~:;; The moving average trend value for the following year Is found by 
omitting the nrst year ot the prevIous span and adding the next 
atter Its last year. And $0 on. 

f~ ·~ c~::u~~Jf~~n:~~ ~:~Bq~~~ Year ~~~~:;~~::;~~:~::~:~:~:~~li 1960 u c given in Ihe second column -c-::c-t---::,--f--+ _"":" 
01 this ublc. FiDd th~ 3-year moving 19M 52 
utr. ce. SUmm8",J The moving 1955 58 
u e .. ge smooth, out Ihe original 19S6 SO 
diu. A longer SpM for the average IOS1 
yield$ smoother results , but losn 1058 ~~ 
more years of the ot!CiDd data. For 1050 10 

:0 eb!n ~~r:~ ~:~:' ~~e ~~:c: 1900 91 
two-year uerage of each hi'0 conseeutive trend values. 

'" '65 
'" '" m 

C. THE LlAIT-IQUAIEI LINE. A more renned measure of linear trend. 
The line at least squares Is that line drawn through the data such r.;::: .• \.~ ,::;. 
that the algebraic sum ot the deviations about It Is equal to zero. 
The sum of the squared deviatIons about It are less than about any 

, . 
ranking between a 
Ability D DI ~ 

! =i,' ~ll :~ 
: I I r;~ 
0(12)--- 12 V;"' 

p ::: I - 6(36-1) ::: .60 

other line. The line, ot the form YII. = a +b)(, where Ye Is the cal- P, 
oulated value ot the varIable and X the year tor which Ye Is calcu- Z 345 ::z: ::z: 
lated, Is found by solving the two normal equations: ZY = Na+ZX U.A.M.R. = _.Po= T = 115.0 ~ § 
%XV = a ZX+bZX'. (For non-linear trends there would be additional , ,:C -,O:.:c .. :~:;.:: b:"d:::~~~~.;~'~,::~~,.! ... -
equations containIng the X terms raised to higher powers.) I. ~~ data of tho preceding problem, :IE;; 
1201 FiDd the leu t &quart!! trend liDe of population changes iD a city for g ~ 
11>17·19S7 (data iD fourth tolumn of the foUowiDg table). Soh J'(;; 
Yur X x a Yillooo', X.y Yc ;;:~ 
1941 0 0 100 0 98.8 1279 ::: Ils +55 ~~ 
1948 I 1 102 10l 102.3 0782 = 55a +38Sb (I) Z 
1940 2 .. 108 210 IOS.8 Solving simultaneously, :IJIo" 
1050 J \I 110 lJO 109.l a ::: 98.8, b ::: 3.5 i!i E; 
1951 4 10 111 444 112.8 Trend equation: (n 

19S2 5 25 III 565 1I6.J Yc :::98.S+ 3.5X e:IE 
1953 6 lO 110 714 110.8 Find Yo for each yell' by lub. 3: ~ 
1954 1 49 IZZ 854 12l.3 ltituting value for X in trend r_~ 

1950 \I 9t IJI 1179 1:ro.3 For example; 
1057 10 100 137 1370 1l3.8 Y IlU = 98.8+8(3.5) = 126.8. 
-- 55 J6S~ 0782 --.-",r~~--.'-r.,.c~~,..., 
A shor te r method of calculat~he"'" l13o lOSS 8 (54 120 1008 120.8 equation and solve. !J;~J,~l.I!~~~~~~~~~~~j~~;'~~i~~~~~~ 
trend Involves placing the 0 point 1

120 

Ij~~m~~~~~~~~~~~~~ ,. ~ for X at the mean of the years. Then jllO eo ;z; 
zX ;;: 0 and both normal equations 100 ::: E 
contain only one unknown each. 'i, .... ,..,.".i"ii:o;'-;c~'""" ~~~~:\~[~~~~~~r~~l,~~~~~~:~~~~~~i~~f\~~~;! I ~~ 

I ~: 

r can be derived from the bas ic formul a r = 
tho produc:t mDmant, equals ::&: - X • Y. Here 

the regression equation and calculated 

t;~I~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ 
. " ~~ z g n 
~Z 

l:i~ . ~ 
gi: 

the dau of th" precediDg e~;.':";' ;"~'~'~~~~~;::';~ II~-::-:=1.i.--,-l_]l-:-:-:;~;~~~~~;,ll ,= --p- = 
(0'.)(11",.) .,," " ... ,.~ 



Data-Guide's • 
PLASTIC REFERENCE CHARTS 

To Learn Faster. Remember Morel 
I. RECTANGULAR F. VECTORS. Quantitiea that have 
A. POSITION OF A POINf. both magnitude and direction, e.g. G~--'"'l 

1. The AlSCIUl or x.eoordi. force, velocitY, di.tance of a point .. - -A 1 
nate or'any point i, its hori. from the origin (radius vector), etc. "z~-""Y- f 
rontaJ distantt from the y_ 1. The sum of two vectonr can be "'~ : v, l V ! 
axis; "+" if to the right of represented as the diagonal of a par- / I I 1 
the y-axi" " -" if to the left. a llelogram in which the two vectonr v, l ___ _ _ 

AUTHOR 
Prof. Arnold Foss of Queens College, N. Y. 

Dolo-Guide Editor 

Joseph L l eon 
,.,WI.t..d."" "" '01 ~~.::r.,::~~~. I.... ';~~i'1'!~.~ '~::.;::~;;.-. 

2. The ord inate or y·coordi. form the adjattnt sidea;~2;:.~c~o~m~PO~j·~i~;~~r~;:;;~~~ nate of any point is its vertical nents. Any vector may be shown to 

distantt from the x_a'"~·'~;,~"~+~"~itH~~~~~i~~~11 I --I-"""+-"''''-+-''''''-+-''~+-''''.!.+~~-+...'."=''-if above the x-axis, ., - " if be-
low. A point i, then 
the pair of numbenr 
its coordinates. 3. r-adius 
vector- of any point line seg-
ment from the origin to the point; 
its length .. , .. i, always" +". If L-';~~,,"w.;:t..:t...:!:...:!:.J 

the point has coordinates (x, y), r- -
U. ANGLES. .... OI1lHITION. 1. Angle is formed when two rays 

are drawn from a common point, the lJer{ex. An angle is 
measured by the amount of rotation from one of the linn 
(the initial line) to the other (the terminal line). Rotation 
in the ccw direction produces a positive angle; in the cw di rec· 
tion, a negative angle. 2. The standar-d pOSition of an I 
vertex at the origin, initial line the positive 

t . DEGREE. The degree is divided into sixty ........ 0".'" 
minute into sixty seconds (60 '). A circle contains 

C. .... DI ... N. An angle that has it! vertex at the 
circle and its 'idea intercepting an arc equal in 
radillll measures one radian. A ci,de conJains ,'% 

O. MEASURIMINT OF ... NGUS. Either in degrees or 
1 r-adlan _ ISOo/~ _ 57 .296° _ 57° 17' 45 · 
1 degr-ee _ ~/ IS0° _ .0175 radians; I ' - .0002909 radians 
number of degrees + 180 .. number of radians + .,,; 
1. Degr-ees .. r-adians, multiply degrees by '% / IS0° ( .. 
or d ivide by 57.3. E: 315° "" 315 X '% / I SO - 7-;; / 4 radians. 
12° .. 12 X .01745 _ .2094 radians. 
2. Radians .. degrees, multiply radians by lS0/ 'I: or 
E: 3.,; / 2 rad "" 3'1;/ 2 .lS0/ -;; .. 270 0 E: .S rad - (.8) (57 .3) -

L ARC lINGTH. In a circle of radius " a centra l 
radian! interttpts an arc of length s _ r-e and e '" s i r . 
the length of the a rc interttpted by a central angle of 
circle of radius 5 in. Sol: ISO _ '1;/ 10 rad; s _ 5 X ::/ 10 - 1.5,,,,,.I "n 

III. TRIGONOMETRIC FUNCTIONS 
A. DUiNITION. The ratios of sides of 

right trianglea or of distancea in a rec
coordinate system. NOTt: In 

tri,,",,l~, .• "l~ ",I letter will denote 
case letter 

IV. ACUTE ANGLES. .... DUiNITION. Angles between 0° 

90° are acute. Two acute angles whose sum is 90 ° "ie ~:,~~;: I ~~~~~;;::!:~::;~~=~!:!=::;'=!#::!'~~!::::i- I memary: the two acute anglea in a right triangle (A + 
sin A -~ - cos B - cos (9(lo··A*~A .o ; _ "in 

B- = 
I . V .... I ... TlON OF TRIGONOMETRIC fUNCTIONS . and 

90°, the sin, tan, and sec of an angle increase as angle in· 
creases; the cos, cot, and esc decrease as the angle increases. 

C. USING TRIG T .... LIS 1. Given angle, find function. E: Find 
... NGlE COSINE the cosine of 56°43' . 

1~3 d}-.OO24 Write: ft. --o.;g;:~ 
Cos 56°43' - 0.5495 

0.0007 -

56°50' 0.5471 

1 
56°43' cosine 

f 56°40' 0.5495 

VI. TRIG. FUNCTIONS (TF) OF ANY ANGLE 
... . COMPLIMENTS. Any funetion of a positive acute angle is 

equal to the cofunction of the complementary angle (see IV:A). 
• . THE REUTED ... NGL£ (er ~ An ongle may be expressed as a 

multiple of 180° plus or minus an acute angle. This acute angle 
is called the related angle: e _ (n .180°) ± ( e,) E: 91° -
(180°) - (S9 °); 205° _ (180 °) + (25 °) ; 6S0° _ (4.180 °) -
(40°). The angle e, i, the positive acute tingle that must be 
added to or subtracted from e to obtain a multiple of 180°. 

lHi 

W
. 7 z 

ote: 60 - 2'4;1' - 2.80r3 

- -0.54875 

lven function , fin 
ANGLE SINE 
26°30 0.4462 

1 
angle 0.4454 

f 26°20' 0.4436 

2. G dangle. 

} 

Write:!!'" - .0018 ·

d 

- !~~~~~~~\I~~f~i~lil~J~~j,~~~~~~~:1 10 .0026' 
.0026 

.0018 Angle A ",,,, , •• : ~~~t~~~~~~~~~l~~~' 
D. SOLVING RIGHT TRI ... NGLES. If two sides, or:iOi"~'~~:,:~~:~f: I !~~ acute angle of a right triangle are known, the 

and anglea can be determined. PROnOUII: 
label ~e parts known and the parts 

cable formulas listed in IV :A then substitute known !~~I :~~i;';~!i;:~~~i:~~:~iJj~~~~5a~:::JI~~~~~;~i~~BE~~~I;,~~~~~a~~ solve. You may also use the Pythagorean theorem: c! _ a l 

L ACCURACY Of (OMPUTEt RfSUllS FOR ... U TRI ... NGLlS. 
letters S,F. stand , figures.) 



A - tanA)' _ 

I ~~~:,::::. ,:,~:~~~~:::ease. the number of angles and lidel to 
number of trianalel fonned. 

(QUAt TO 90· 

AN IMGU OPPOSIn ON( SIDE (S5.A.). 

;~~~~~~~~~3.~~~~~~~~~~;;" I ~~X.~:T~'~IG. EQUATIONS. A. DHINITION. Statement tha.tt, ":~.~;; I ~~~~~#~~=;:~J--"~I are equal for ttrtain valuel of the an&le 01 

I.n eaeh trianale tan 8 _ Be/ I.e. Using the . These valuel are called the roots of the 
relationship and the aidel of the function triangles. 8 determined in the interval be:tween 

.in 8 ::i: V I _ aJl:l , roots can be: obtained by addinlt multiples of 
• ::i:~- COl' -::i: Vtee1'- 1;ele. - 1 when . inx - ::1: 1. henet when % _ go. or ",,' I ,h •• 

when x - 450·, 630· . - 90- , ete. 
I . 5UMMAlY. terminal quadrant . 1. Reduce an . 

tran.formation 

'" . .. .. I 
E:3tanx+ - 0 501 :3 

~i.f:;;~:~~~I:~~9:~~~~~f~t~~g l i~;~~:;~; tan x -...;3/ 3: sinee tan % is negative. x i. i·,. I::-=:'-:-:=oc;:-:-:c;:c:::-:;:-:-:-f.:.:":"::"1 or IV and are tan ...;3/ 3 - 30". Thus x _ 180· -

150· or 360· - 30· - 330·. -~." I~~~~~~;;';'"'ho"J-;~--!===:J~=~c. 
:~~~~~~~~f==5=~~:~~~~;~~ I; QUAORATIC EQUATIONS IN THE FORM ax ' + e - O. E: 4~ - 0 Sol : 4 c:os'8 - 3. <:01'8 - 3/ 4. cos 8 - ::I:V3/ 2; 

_ 30· . ISO·. 210· , 330°. 
E. QU AD RATI( (OU1JlONS IN THE fORM ax' + bx _ O. 

2sin
'
x _ sinxSol: 2Iin'% -lin% _ 0.lin%(2sin% - 1) _ o: I, ~~~S,!!,!!!~!2;;!!!~~+:::~~1 

sin % _ 0 or 1/ 2: thus % - 0.,30 •• 150.,180 •• 360°. 

F. (OMPUl( QUADRATIC E: 3 . in'% - 2 lin x-I - 0 ~~:; I~~~~~~~~~~~~~~~~~:=;~:;~=~:;: (3 sin x + 1)(, ;nx - I) _ O;sinx _ - 1/ 3orl.Forrinx 
x _ 90·, fo r sin % - -.333, x - 19 ·30' . E: 2 . in'x + 3 sin x third side equals the adjacent .ide 
.. O. So l: (2 lin % - 1) (lin % + 2) .. 0, .in x - 1/ 2 OJ" -· ' . I ~:;:::tl,:~~ _ b l in A. 
Thus arc .in 1/ 2 - 30· . ISO·; for arc sin -2. no solution. I ~,~';'t~~.~~~j;~·~t'.i~; number of IOlutioTll. Find the an&le 

(angle B) using Law of Sines (lin B -
Vllt MULTIPLE ANGLE FORMULAS XL OBUOUE TRIANGli RELATIONSHIPS third. angle from A + B + C _ 180· and 
A. SUMS 01 DlmlfN(f Of TWO ANGUS. 1 . The li n e of the A. SUM OF ANGUS. A + B + C - 180· by the Law of Sines. (In , ituation 1. eac:h triangle 

sum (difference) of two angles equall the product of the sine of I . LAW OF SIN IS. Length. of the @ teparately.) Check: Mollweides eQuatiollJ. AREA: If 
the fint angle and the eosine of the l«Clnd plus (minus) the sides of a triangle are proportional to .idea have been determined use K - V.I(I- a)(.s - b)(.-c). 
product of the cosine of the fint and the line o f the sec:ond: the linel of the anglel opposite them: to c~_. a If two .ides and an induded an&le known solve a. in A. 
sin (x ± y) .. si n x cos 1 ± COl x al n y E : sin 75° .. sin ('ISo abe C. I TWO SIGIS AND THE INCLUDID AMGU (S.l.S.~ Solu. 
+ 300) ... in 'IS° ros 30 + CO$ 45· sin 30° _ lin A - lin B - , In C Ae ~ a I the remaining side wing the Law of Cosines; the 
Vi . V3 + V2 . ! _ v'6 + V2 _ '" (. LAW OF (0511'11:5. The Iquare of from the Law of Cosines or Law of Sines: the 

2 2 2 2 4' thelengthofa.ideof atriangleequal. from A + B + C - 180·. Solution 2: Find the 

2 T the sum of the square. of the lengths Lp;;;;;;;;;;=:;,:=;;;;;:-;;~ I f:~~~~~ with the Law of Tangents; the third .ide from the 
. he cosi ne of the sum (di/!ennce) of two angles is eq ual of the other two sides minus twiee the product of these Check: Law of Sines. lR(l:Substitute directly in 

the product of the COIines of the two angles minus (plus) sides time. the COline of the angle between them; of . ides times sine of induded an&le. 
product of their .ines: eOI (x :I: Y) _ eos * cos ::;: si n 
3. T he tangent of the a' _ b" + el _ 2bc C:OI A b

' 
_ a" + e " - be cos B THin SIDES (5.5.5.). Solution 1 : Find one angle 

(di/!uence) of (x::i: y) _ -';""2~~'!-: 1 of Cosinet; the aeoond angle by Law of Cosinel or 

equal to the of _-",~~::..:b=' =+IJ.~'~-=':'_l_--,~~-=~'='=+IJ'~' t=b~',- Sines; the third angle ftom ..t + B + C - ISO· . Solu-of their tangents COl A - 2 be cos B .. 2 ae Find any two angles using the Half Angle formulu 
minus (plu.t) the the third angle from A + B + C - lS0

g
• Cheek: 

theittangenu : ~~·i-~·F'~+~b;'~-~2i'~b::'.~'~C~~~~~if:~~~~~~~ I~~~~~E~q~"~.~ti~on[;··~'~·~'~'i'iK~-~';~'~(~'~-~O~)~(·~i·~)(~·~-~'~)~~I I . TWICE AN ANGlE 1 . The si ne of twitt EUMPUS. NOTE : Subtraet 10 from the lop of all 
twiee the produet of the sine and eosine of the -;r,-,,~)i9;';~) 1 t . LAW OF TlNGUtTS. The .um of two aides exc:ept when log tan 8 and log oot 8 > 1. 
2 l in * eos x E : sin 40· _ 2 .in 20· COS 20 · divided by thei r differenc:c equall the tangent 
- .6428 2. The eosi ne of twice an anale i. sum of the anglel opposite these aides d ivided by the 
of the OOIine of the angle minua the square of half of the diffetenee of these anales: 
angle; or twic:c the square o f the cosine of the anale minus 1: b+c: 
1 minta twice the equate of the sine of the anltle: eoa 2* - _ ~~~-¥.::.:>:~ 
coa'x - . In 'x - 2 cos'x - 1 .. 1 - 2 sl n 'x E : c:os 60° b - e 

<:01 ' 30. -lin ' 30· _ (Vf)' - (~)' -! - ~ _ ~:c:os 
- 1 - 2 . in'(300) _ 1 - 2 • (1 / 2), .. 1 - (1 / 2) _ 1/ 2 3. 0, 
ta ngen t of twic:c an angle equall twic:e the tangent of the .n.,,; I" ". 
divided by 1 minus the square of the tangent of the angle: 

ta n b: _ 2 ta n x oot 2x .. oot ' x -I 

,,,. 
length. of the . idel). r the radiul of the inscribed,';i;;;';: :I _____ ...!.:..!!!~'--_..JL ____ -!..=_'!!"C!. __ _ 
radius of the eirc:unueribc:d drde. then: :~~b; •• u>;;,·;.~;ngi e exist if a - 12, b - 20, A - 43'" Sol: 

1-tan lx 2cotx 
(. HAlf AN lHGU. 1. The alne (CO$inc) of half an 

equal. ::I: the square root of 1 minw (Plus) the cosine 
anale all divided by two. NOn: The til" of the radic:al is I :~~eEJ~~~~~~1~~~~~~~~~ I ~:~f~ a; case. E valuating b lin A - (20)(.6820) -.... 'w •• u ... a is itslll than b sin A; no triangle exists. 

. a _ 6, e _ 8, B - 22· Sol: S .A.S. ; substitute 
_ c:1 + a2 - be cos B _ st + 6' - 2 ·8 • 6 • COl 22 · -

100 - 96(0.9272) _ 100 - 89.01 - 10.99; b - 3.3 

E.Ci l b .. 2651. , ... 1126. A .. 21·S4' Soil 

mined by t

J 
quadrant of the an&le x/ 2: 

x 1 -iCOSX x J 1 +coax . . ln 2 -::i: --2-- COIl -::i: --2-- E : ~n 15 8
_ 

. 30· /1 - ~30· ~' - .... r::: ~ii~~~~~ii~~:~~li~~J~~~~;.~~~~~ 
SIn ""2 - 'V 2 - --, - - ".067 .. . 259 2. 

ta ngen t of half an anale equall ::i: the square 

the cosine of the an e divided by 1 plu. the :~~'it3:~i:t' I 
tan ! - :!:: 1 - cosx 

2 1 + c:os* 1 
E 30. / 1 - cos 60· J I - 1/ 2 [i (+)1011 831- 2.91960 b. 2657 

: tan - "'IJ 1 + cos 60· - 1 + 1/ 2 - "3" - .577 . . - _ 13.6329' _ ... . In 8 ' ~ .. lin 122°.9'211' 

b .. 26S1 A + B + C- I80· H. 

~ 21· 54' + B + C ... ISO· . -. 
b + t-4~81 B + C .. lSe"6' ..!m_ 
b-, .. .lI ~(B + C)- 7g·l' 

'" 

D. SUMS AND DIFnRlN((5 0' 'UNWONS. 1~~!~~~~;i~~~~~~jll!~~i~ I':]~]I]~;"l los 21157 ... 3.42439 

C)- 9098141 - (+)\oi.in21·54· ... ' .57169-10 

.. 12.99608 - 10 

(-)locllnl21·49'2I1 ' - 90924-'5 - 10 
a» 30· _ 
the cosines two los /I .. 3.07 163 

.urn of the anales times the cosine 
cos x + cos y - 2 cos l /2(x+y)co. 
ferenee of the cosi n es of two &.nales two times 
the sine of half the . um of the angles times the tine o f half their 
difference cos x - cox y - -2 .In 1/ 2(x+Y)lln t / 2(x - y) 

E. 'IODUn OF TWO FUNWONS. 

sin * s in y - 1/2!COJ (x-y) - co~ (*+Y)j 
cos x cos y - 1/ 2 cos (x+y) + cos (x-y) 
.I n x cos y _ 1/ 211 n (x+y) + .I n (x-y) 

IX. TRIG. IDENTITIES. A. DHlNlTIOH. Statement that two ox_ I ==-::;::..:::...::::.=:::;::::.::"":;...----,-----,----
when the functions appearina are defined. E : esc 8 _ 
en identity but tan 8 ... in 8 il t rue only for lOme 

- 5,c-6. ; 
D7..:t!f;=!a!:J _ 25 + 36-16 _ ~ _ 7500 ' A - 48"3S' 
- 2x5x6 60 . • 

pressiOn! are equal for all values o f the angle Ot analea ~~;:i~ 1 f~~~~~~~~~~~~~~~~~~~~~~~ I 
I . TYrIS OF SOLUTION. 1. T" ,n,af.,", .1:tl.!''"'''''=-'¥. 

ot her. E : Verify cot.x -

an'x ~~c:~~~~ ,~!,u- I ~:;~~~~~~~~~~~~~~~~~~~~~~I coa '% - l in IX - <:OI'X - - >~~~~~~:.!;!,;.~.:.~~~_'~- .. 
... ·x 

-lin'x . COS'x_oot'xeos' x 2. T ran.sform both m .. " ...... 1 , 

E: Show that " +- ~nAA _ {tecA -tanA) ' SoI : 1 - ~nA 1 ~;:;i~~~;~·t1'~:,L; Io&C'OI~, _4.111093 _ 5 loc~, .. 4.94221 -$ 
SIn l +llm..t 

(l - lin A), (l - lin A ), (t - lin ..t)' 4 .. ,0·4U': A ... 41·21.6' 1" 28· .53.6';B .. 51·41.2' 
(1 - lin A) (I + sin ..t) - 1 sin' A - coa' A ; A+ B+ C .. 180· 41·21.6'+57·47."+C" ISO· C .. SO:45.2' 
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