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1-1. An argument is a bslch of sentences. Ckre of them is called the 
conclusion aml the rest are called the praaises. Zhe idea is that if ycu 
believethatthepmnisesaretrue, t h e n t h a t s h a i l d g i v e y o u s a r e ~  
for beliar- that the &usion is true also. 

l3xx-e are a great many different aaq les  you cculd give of both 
indudive aml deductive e. Here is are exanples which are a l i t t l e  
different fnmn the ones given m the text: 

m i v e :  
Highgavenmnentspendingcausesinterestratestogoup. 
%e garenmnent is spending a lot. 

Interests rates will go up. 

Bdwtive: 
Either the garerrPRent w i l l  not spend a lot  or interest rates will go up. 
T h e  qavennnent will a lot. 

Intere& rates w i l l  go up. 

In the indudive Lf you really believe the you are go- 
to think that the d u s i o n  has a good chanoe of beirq true. But even lf 
there is thecausal o m n e & i o n ~ g y ~ s p e n d i n g , a m l  interest rates 
claimed in the f i rs t  p m m b ,  the connection ui not are f m .  Kmy factors 
other than garerrPnent spendin3 M1m interest rates, for v l e  the 
demmi for loans by fusbesses aml home amxs. In the case of the deductive 
argument, i f  the pmnises are the conclusion has got to be t rue also. 
F o r w t h a t t h e f i r s t v i s t r u e .  If thesecondpremiseistrue 
also the f l rs t  disfurct of the f lrst  prerpise is false. So the d y  way lef t  
for the f i rs t  premise to be true is for 1ts s d  disjurct to be true, which 
is the d u s l o n .  

1-3. A non-truth-fumticmal sentmce is a lcp-r3er sentence built up fmm om? 
or m r e  shorter carponent sen- in which the truth value of the whole is 
NOP determined JUST by the tnxth of the ~cnpo3lents. In other 
in  order to figurecut thetruthvalue of thewhole youwould have to know 
m r e t h a n j u s t t h e t n x t h v a l u e o f t h e ~ a r c c a p o n e n t S .  H e r e a m  
exanples: \Smith believes that TdqQ has a larger @ation than New York. ' 
l%e expression \Smith believes that* can be regarded as a caplective. Put it 
in frwt of a sentence aml ycu get a new, 1-er sentmce. But the 
t m t h v a l u e o f t h e s h o r t e r s e n t m c e i s n o t e n a l g h t o ~ t h e t r u t h  
value of the lorqer sentmce. ~u'ulwirq &sther TdqQ has a larger @ation 
than New York w i l l  not tell you khether Smith believes that TdqQ has a 
larger @ation than New York. Here is another exauple. Su~pose we are 
f l i~p-  a penny. mi-: \'Ihe pmny canes up heads is more pmbable than 
the penny caresup tails.' Knowingthetruthvalue of \%penny 
heads.' aml The pamy cares up tails.' is Wt enalgh to know whether 



up heads is (or  w a s )  mrre likely than c m h g  up tails. !lt~ knw bhetbr thi 
is true ycu med to knw &&her or not the coin is wighted to make heads 
more likely than tails. 
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1-5. b) is not a pxpr sentence logic sentence. There is noway t o g e t t k  
~ i o n b y h u i l ~ i t u p b y t h e f ~ l l ~ t i o n n r l e s f m m s h o r t e r s e n t e n z  
logic sentenzs. ' - I   plies only to a  sentence,  arrl no sentence begins w i t  
'&I. f )  i s a l s o n o t  a  smteme logic sentence. In this casethepxblem j 
thatparenthesesaremissingwhichwouldtell~whetbrthesentence~ 
s q p e d  to be a  amjunction of two shorter sentences or a  disjunction of t 
shorter seartenms. 

Ihe ather expressions are a l l  pxpr sentence logic sentenoes. 

a) b)  
1-6. A B -B -BVA BVA -(BVA) C) Q T  W Q q + + T  ( W ) & ( + J ~ )  

t t f  t t f  t t  t f f  f  f  
t f t t t  f  t f  t f t  t t 
f t f  f  t f  f t  t t f  t t 
f f t t f  t f f  f  t t  t f  

e) A B C -B 
t t t  f  
t t f  f  
t f t  t 
t f f  t 
f t t  f  
f t f  f  
f f t  t 
f f f  t 

f)  K P M - P  
t t t  f  
t t f  f  
t f t  t 
t f f  t 
f t t  f  
f t f  f  
f f t  t 
f f f  t 

q) D B -B -B DV-B DV-B M (DV-B) & (DV-B) [ (DV-B) & (Dv-B) ] & (Dm) 
t t f  t t t t t t 
t f t  f  t t t t t 
f t f  t t f  t f  f 
f f t  f  f  t f  f  f 

h) LMN*-N-L+lv -L-N&(+lv -L)  Hv[-N&(*-L)] L&(Hv[-N&(*-L)]) 
t t t f  f  f  f  f  t t 
t t f f  t f  f  f  t 
t f t t  f  f  t f  f  
t f f t  t f  t t t 
f t t f  f  t t f  t 
f t f f  t t t t t 
f f t t  f  t t f  f  
f f f t  t t t t t 

1-7. Quotation marks function to farm the NAME of a  letter or expression. 
' A 1 i s a ~ o f A .  Pnrs,whenIwanttotalkabcutasentenxletter, m a  
caopand I prt cpolxs a d  the expression. CYI the other hard, I 
use no plrrtes when I IEE an expression. Also I am wing ba ld  face capitals 
to talk abcut sentenzs generally. 

Ffdlosqhers~ertothisdistinCtionasthedistinctionbetweenUse 
arrl Mention. 

d) D G G W G & D  (W)v(G&D) 
~ t t f f  t t 

t f  t t  f  t 
f t f  f  f  f  
f f f f  f  f  



2-1. To say that Adam is not both ugly and duub is to say that he is not 
ugly, or he is not duub (or possibly not either ugly or dub) : \uv-D*. 
Qually, this m to sayirq that he is not both ugly and du&: -(Urn). If 
ycuthinkabcutthesetwoexpessions, Ihcpeycuwillseethattheycaneto 
the same thing. We shall prcne that they are logically equivalent in the 
nSrt dmpter. But '-U&-D' is an hame& ttanscripticm. T r a n ~ ~ i b e  it back 
into qglish, and ycu get: 'Adam is not ugly and not duub,' adl is sayirq 
scmmmgstrongerthanthatAdamisnotbothuglyandduub. 

2-3. a) Either Adam @ b l d  or not. 
b) M a m l a v e s E v e a n d i s n o t b l d .  
c) Neither is Adamin lavewithEvenor isEveclever. 
d) Mam is b l d ,  or Eve is dark eyed and not clever. 
e) Eve is either in lave w i t h  Adam or not clever, and either Adam is not 

b l ando rhe i s i n l avewi thEve .  
f )  Either it is the case that both Adam laves Eve or Eve laves Adam and 

Eveis&clever,ori t isthecasethatEveisclwerandnotdarkqred.  
g) Eve is clever. Rnthemore, either it is not both true that Eve 

1ovesPdamardAdamisbld;  orEveisdarkeyedandAdameither isnot  
bland or is in lavewithEve. 

2-4. Y c u r  choice of sentence letters may of course vary £ran mine. But ycu 
shculdhavesentenoeletterssymbolizirqthe~meataaicsentencesasinthe 
answers belcw. 

a) RvT (R: Roses are red. T: Wler w i l l  ea t  his hat.) 
b) P&-R (P: Ik&y Pythcn is funny. R: khrt W c a d  is funny.) 
c) +X-N (C: Chicago is bigger than New York. N: New York is the 

largest city.  ) 
d) W D  (F: I w i l l  finish this logic ccurse. D: I w i l l  die tryirq to 

finish this logic cause. ) 
e) -(I%&), or +ly, 4W-S (H: W.C. Fields is handsame. S: W.C. 

Fields is snart.) 
f )  -(GUU) , or  equally, 4 - U  (G: Uncle Scrooge was genemus. U: Uncle 

SQooge--.) 
g) T&O (T: Mirnesata Fats tried to diet. 0: Wmemix Fats was very 

overweight.) 
h) (P&I)&-E (P: F e t e r  likes pickles. I: Peter likes ice cream. E: Peter 

likes to e a t  pickles and ice crpam together.) 
i )  (Rf&)&T (R: Roses are red. B: Violets are blue. T: T J X U I S C ~ ~ ~ ~ ~  

this jirqle is not hard to do.) 
j ) (m) & (-s&-N) , or +ly, (w) &- (SvN) (0: Cblmhs sailed the ccean 

blue in 1491. T: 031rmjxls sailed the ccean blue in 1492. S: 031mhs 
dkccmxd the Sarth mle. N: 031- discrrvered the Nnrth mle.) 

k) [ (C&P)v(W) ]&D (C:Iulre w i l l  caM up with IhI-UI Vader. P: Iulre 
w i l l p t a r r l e x d t o D a r t h V a d e r .  G: aarthvaderwillgetaway. T: IhI-UI 
Vader w i l l  cause mre tmuble. D: Everrtudlly the mire w i l l  be &stmy&.) 

3-1. We are goirq topruve the DeMolqan lawwhidl says that - ( M )  is 
logically equivalent to -X&-Y. We will do this by calculath3 the Venn 
Diag?.am Area for the f i r s t  sentence and then for the d sentence: 

All points h i d e  All points artside of 
of X or inside of Y ( M I  

All points artside All points artside All points h ide  
of X of Y both -x and -Y 

Wecansee tha t t hea r ea sa r e the saw .  S i n c e t h e a r e a s ~ t h e c d s e s  
inwhidlthesentencesaretrue,thetwosentencesaretrueinthesame 
cases, that is, they are logically equivalent. 

~awweusethesamemethodtop~~~ethelogicalequivalenmof X&(YvZ) 
and (X&Y)V(X&Z) : 

Yvz 

All points h i d e  All points inside of bath X 
of Y or h ide  of Z . and b i d e  of YvZ. 

7.  -: 
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A l l  p o b  h i d e  All points h i d e  A l l  points h i d e  of 
0fbothXandY OfbothXandZ either X&Y or X&Z. 

sirm the coincide, the smtemes are logically 'equi~errt. 

Finally we do the same for Xv(Y&Z) and (]rvY) & ( W )  : 

All points h i d e  
0fbathYandZ 

A l l p o i n t s h i d e o f x  
or h i d e  of (Y&Z) 

A l l  points inside All points inside A l l  points inside of 
of X or inside of Y of X ar inside of Z of both ]rvY and of ma 

BV-A 
-AvB CM 
-AV-B EN, SIE 
-(&B) PI 

( c w v ( = ) v [ = -  (-=-A) I 
( W ) V  (c&B)V[C&- (-B&-A) ] at, SIE 
[ (CWv(-)  Iv[C&-(-=-A) I A 

(A*) IV [a- (-=-A) I Dr 
[a (AVB) ]V[a i  (-BV-A) ] PI, SIE 

( A m )  I v P  (BVA) I EN, SIE 
P ( A W  Iv[C&(AW I CM, SIE 

( A m )  R 

h) N o t e  that in proving two sentences, X and Y to be logically 
equivalent, one can just as well start w i t h  the secard and pmve it logically 
equivalent to the first as start with the first and pmve it logically 
equivalent to the seccd. 

C& [-AV- (*A) ] 
C& [-Av (+A) ] PI. SIE 
C& [-Av (=-A) ] EN, SIE 
(C&-A)V[C& (*A) I D 
(C&-A)v[ (=)&-A] A, SIE 
(=-A) V (-A) R, SIE 
C&-A R 

PI, SIE 
EN, SIE 
A, SIE 
D 
A, 
a, 
A, 
R, SIE 
CM, SIE 
A, SIE 
R .~. ; 



3-3. For any Sentenoes X, Y, and Z, -(X&Y&Z) is l o g i c a l l y  equivalent to 
-m-w-Z. 2u-d -(m) is l o g i c a l l y  equivalent to -x&-Y&-z. 

3-4. SqpceewehaveadisjuncticmMrY, a n d s t q y e t h a t x i s a l o g i c a l  
truth. T h a n ~ t h a t i n e v e r y p c s s i b l e c a s e X ~ s t r u e .  Butthe 
~unCticmMrYistrueinanycaseinwhi&eitheraneofitsdisjllnctiaclf 
is tzue. Sinm X is a l w a y s  true, MrY is always true, wh i&  is to s a y  that 
MrY is a logical truth. 

S q p s e ,  rrw, thatwe have a mjlmcticpl, X&Y, and that X is a cclltra- 
diction. lhat is to say, in every possible case, X is false. But the 
r m j u n c t i c m  X&Y is false in any case in whi& either of its rmjuncts is 
false. Sinm X is false in every possible case, X&Y is false in every 
possible case, i&i& means that X&Y is a r m t r a d i c t i c m .  

3-5. By \A& (Bv-B) ' is l o g i c a l l y  equivalent to \A'. 

Av(-A&B) 
(Av-A) & (AvB) D 
AVB E E  (Iaw of l o g i c a l l y  true rrJrriun=t) 

(AVB) & (Av-B) 
Av(B&-B) D 
A m 

h) (A&B)V(-Ah-B) 
(Av-A) &(&-A) & (AV-B) & (Bv-B) D (Pmblem 3-2 f )  
(Bv-A) & (Av-B) rn 
(-Am) &(-&A) a4, SIE 

i )  - (-Am) v-AvC 
(-A6-B) V-AvC PI, Em3 
(A&-B)v-AvC DN, SIE 
[ (A6-B) v-A]vC A, SIE 
[ (Av-A) &(-&-A) ]VC D, SIE 
(-&-A) vC rn, = 
( -Av-B) vC at = 
-Av-BvC A 

3-7. a )  Neither. b) O n t r a d i c t i c m .  c )  Neither. d )  L o g i c a l  Ruth. 
e )  ~ m t x d i c t i c m .  f )  C a r t r a d i c t i c m .  g )  Neither. h )  L o g i c a l  Ruth. 
i )  L o g i c a l  Ruth. j) meal Ruth. k) Neither. 1 )  L o g i c d l  Ruth. 

3-8. a )  We first work the prcblem w i t h  a truth table: 

A BA&B-(A&B) ' -(A&B)'istrueifcase2istrueI i f c a s e 3  
t t t f is true or i f  case 4 is true. 'AkB' says that 
t f f t o s e 2 i s t r u e t ' - A & B ' s a y s t h a t o s e 3 i s t r u e  
f t f t and '-A&-B' says that 4 is true. SO, the 
f f f t disjlmctiacm of th€se three Qseilescribing 

sentences is l o g i c a l l y  equivalent to '-(A&B) : 

'Ihe dis jun=tive normal form of '- (A&B) ' is ' (A&-B)v(-A&B)v (-A&-B) ' . 
Ncm let's try to work the p r c b l e m b y  usirg a sapsme of laws of logical 
equivalence. 'Ib work the prcblem given what ycu kmw, ycu have to a ~ p l y  
C&xgan's l a w  and then fiddle aranrd until ycu get the Serrtence into the 
right form. 'Ihe followirg does the jd: 

- 
-Av-B PI 
[(-A&B)v(-A&-B)]v[(-B&A)v(-B&-A)] Zaw of e x p m i c m  (prcblem 3-6 c ) ,  SIE 
(-A&B)v(-A&-B)v(-B&A) A, R 

b )  F i r s t  w i t h  truth tables: 

A B C -A A&B -AM: (A&B)v(-W) -[ (A&B)v(-AM:) ] 
t t t  f t f t f 
t t f  f t f t f 
t f t  f f f f t 
t f f  f f f f t 
f t t  t f t t f 
f t f  t f f f t 
f f t  t f t t f 
f f f  t f f f t 

' Iherearefw~inwhi&thef inalsentenceistrue,QsQ-ibedbythe 
sentences 'A&-B&C', 'A6-B&C', '-AE&-C', a n d  '-A&-B6-C'. 'Ihe whole  
i s t r u e i n a n y a n e o f t h s e c a s e s ,  a n d i n m a t h e r s ;  s o w e g e t a l o g i c a l l y  
equivalent sentace b y  lacing the dis j lp lc t icm:  'Ihe disjunctive mnnal form 
of' -[ ( ~ B ) v ( - A K )  ] ' is ' (A6-B&C)v(-AE&-C)V(A&-~&-C)V(-A&-~&-C) ' . 

Ncm let's use l a w s  of logicdl equivalm. I first a ~ p l y  DeMorgants l a w  
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twice. 'lbk gives a conjurcticm of disjunctions, an3 I want the qpsite, 
namely a disjunction of omjunctia.  But I can rmvert the cne to the ather 
by using the disbibutive l a w  twice. Actually we already did the work in 
pmblem 3-4. e ) ,  so I just c i te  that pmblem far  the resul t .  The reailtir~~ 
conjunctions only irnrO1ve two of the three letters in the pmblen, so I have 
to apply the law of expnsicm to ea& of them to get the final disjunctive 
mxmd farm: 

-[ (A=)v(-AW I 
-(A=) 6- (-=I M 
(-Av-B) & (Av<) M, CN, SIE 
(-A&A)v(-B6A)v(-A&-C)v (-B&-C) Pmblem 3-4. e) 
(-B&A) v (-A&-C) v (-BkC) a) 
(-B&A&C) v (-B&A&-C)v (-AHXB) v (-A&-C&-B)v (-B&-C&A) v (-&-+A) law of 

expmsicm 
(-B&A&C) v (-BSA&<)v (-AHXB) v (-A&-C&-B) A, R. 

3-9. If 'v* occurs in a -, it rmst occur w i t h  two dis-jumts, in the 
form XVY. %at is, XVY is either the whole sentenx, or it is s a ~  
suasentence. By the' law of &able negaticm XVY is logically equivalerrt to 
-(X?), which by w s  l a w  is equivalerrt to -(-X&-Y). So by the law of 
subt l tut icn of loglcal equivalerrts we can substitute -(-X&-Y) for XVY in the 
original sentenz. We rvrw repeat this pmcdme for a l l  oaurences of 'v' 
un t i l  a l l  these are eliminatd. 

lb eliminate all omumces of I&* fmm a sentence we proceed in the 
same way excqk that we use the lqical equival-: 

X&Y 
--(x&Y) m 
-(-Xv-Y) M 

3-10. Far any sf?ntences, X an3 Y, X*X is logically to -X, and X*Y 
is logically eq~va len  to -(X&Y) . So (X*Y) (X*Y) is logically eqivlalent to 
X&Y. Sinoe we lowv that any truth furction can be exPKes& w i t h  '€4' and 
'-*, and since we c?n apmss tkse w i t h  '**, we can apPeS6 any truth 
fuxzticm w i t h  \**, i.e., '** is expmssively aapleb. 

3-11. Ihe truth functicm given by the logical truth *Av-A' cannot be 
expms& using *&* as the only m v e .  For sqpce  we had s a ~  big, 
long conjMctim of conjunction of.. . . a m j u n c t h .  A t  the cuterrnost level 
t h i s s e n t e n o e w i l l h a v e t h e f o n u X & Y , w h e r e X a n d Y m a y  themselvesbe 
-junctions. X&Y can be made false i f  we make X false. Nar, Y is either 
an atauic sentenx letter, in which case we can make it false, thereby 
making X&Y false. Or Y is a amjumticm, X*&YP. We can make the anjunction 
false just by making Y* false. Y* is either an atauic sentenoe letterwhich 
we can make false, or Y* is in turn a amjuncth .  We amtime in this way, 
andsocnerorlaterwegetckmntoanatauicsentenzletter. Bymaking 
t h i s b o t t a a l e v e l ~ l e t t e r f a l s e , w e m a k e e v e r y t h i n g o n u p f a l s e .  
'musthereisacaseforuhichX&Y is false, sothatX&Ycarolotbealqical 
truth. 

For s h x i r q t h e y i v e  inmpleteness of 'v* w e w i n t h e   me 
way, to show that no a]umticm of disjunction of.. .disjuncti- can be a 
aant rad ic th .  A t  the battaa level, i f  we make cne of the atauic sentence 
letters true, we make everything cm up true. 

1-r a apmss any truth furcticm using two atauic sentenz letters 
as arguments because '-* applies only to cne caaponent sentence. 

All pamle die saneday. 
I am a per-. - 
I w i l l  die saneday. 

All Rqmblicans are amserJative. ('Ibis argument is 
m is a Rqmblican. notsa~dbecause 

the f i r s t  pmhe 
Reagan is c!asemative. is not true.) 

A l l  Rqmblicans are bald. 
Reagan is a Rqmblican. 

R3agan is bald. 

A l l  ice cream is sc~eet. 

This amkie is sweet. 

This amkie is (made of) ice m. 

Anyme W lmes l q i c  is bald. 
Rzbert W o n l  is bald. 

4-2. a) A B RhB -(A&B) -A -B 
t t t  f f f  since there is a w l e  
t f f  t f t  theargumentisINvAIm. 
f t  f t t f * c E  
f f  f t t t *  

b) A B -A -A* 
t t  f t *  S h  there are no crJUnte-les 
t f  f f thealxjmmtis-. 
f t  t t 
f f  t t 

c) A B -B AvB -&A 
t t f t  t *  
t f t t  t *  
f t  f t f 
f f  t f t 

since there are no W l e s ,  
theargumentis-. 

d) A B -A AVB -AVB 
t t f t  t *  since there is a w l e ,  
t f  f t f theargumentisINvALID. 
f t  t t t*cE 
f f  t f t 



e)  A B C -C A&B A6-C Bv-C (A&B)v(A&-C) 
t t t  f t f t t*  
t t f  t t t t t*  
t f t  f f f f f 
t f f  t f t t t*  
f t t  f f f t f 
f t f  t f f t f 
f f t  f f f f f 
f f f  t f f t f 

Sirce tbxe are n, -lest the argument is VAIJD. 

4-3. First, sqpce that X is logically equivalent to Y. That mans that in 
a l l  possible cases X d Y have the same truth value. In particular, in a l l  
c a s e s i n w h i c h X i s t r u e Y i s t r u e a l s o , w h i c h i s t o s a y t h a t t h e a r g u m e n t  
X/Y is valid. Similarly, in a l l  possible cases in which Y is true X is true 
dlso, whichistosaythattheargumentY/Xisvalid.  

N c w ~ t h a t t h e a r g u m e n t X / Y d Y / X a r e b o t h v a l i d .  Wehaveto 
show that  on this as tq t ion  X d Y have the same truth value in a l l  possible 
cases. W e l l ,  srppose t t y  don't. That is, suppose there is a possible - 
i n w h i & X i s t r u e d Y ~ s f a l s e o r a p o s s i b l e o s e i n w h i c h Y i s t r u e d  
X is false. A possible - of the f i r s t  kind would be a v l e  to 
the argumoent X / Y ,  d a possible case of the second kind would be a 
w l e  to the argument Y/X. Hmever, e are su~posing that these 
t m  arguments are valid. So there can't be any awfi pcssible cases d X 
d Y have the same truth value in a l l  possible cases. 

4-4. Fbll~~ation Rules: 
i )  hrery capital letter 'A', 'B', 'C' ... is a sentence of sentence 

logic. Such a sentence is called an Atonic Sentence or a Sentence 
x'&er. 

ii) I f  X is a sentence of sentence logic, so is (-X) , that is, the 
sentence farmed by taking X, w r i t i n g  a \-' in front of it, d 
smmrdkqthewholeby-. Suchasentenceiscalleda - - 
Negated Se;lteKE. 

iii) I f  X, Y, . . . ,Z  are sentences of sentence logic, so is (X&Y&. . . &Z) , 
tha t i s thesentencefarnredbywri t i rqa l lof thesenbras  
X,Y, ..., Z separated by '&'s d - the whole with 
parentheses. Such a sentence is called a Canjurcticn, d the 

iv) 

v) 

v i  ) 

sentences X, Y, ... Z are called its Canjuncts. 
I f  X, Y,. . . ,Z are sentenms of sentence logic, so is (M.. .vZ) , 
that is thesentence farnredbywritirqall of t h e s e n b r a s  
X,Y,. . . ,Z  separated by 'v's d sumam%q the whole with 
parentheses. Such a sentence is called a Disjumticn, d the 
sentences X, Y, . . .Z are called its Disjuncts. 
I f  X d Y are serrtenoes of sentence logic, so is (X -> Y ) ,  that is 
the sentence farnred by writirq XI follawed by '-9, follawed by Y 
d ling the whole with parentheses. Such a sentence is 
called a Cearditicmal. X is called the mrditicmal's Antecederrt atd 
Y its C m s q w n t .  
I f  X d Y are sentenms of sentence logic, so is (X .c-> Y ) ,  that 
is the sentence farnred by writirq X, follawed by '<->', follawed by 
Y d s t m m d b q t h e w h o l e w i t h p a r e n t h e s e s .  Suchasentenceis 
called a Bimrditicmal. X d Y are called the bimrditicmal's 
Ccnponents. 

vi i )  Qlly those 7 formed us- ru l e s  (i)-(vi) are sentences of 
sentence logic. 

Rules of valuation: 
i) Ihetruthvalueofanegatedsentenceis ' t ' i f themEpcnent(the 

serrteKzwhich has been negated) is 'f'. 'Ihe truth value of a 
negatedsentenceis'f ' ifthetruthvalueoftheccaponentis 't ' .  

ii) Ihe truth value of a amjunction is 't' i f  a l l  an]uncts have truth 
value 't'. Otherwise thetruthvalue of the anjunction is 'f'. 

i i i ) Ihe  truth value of a djumticp.1 is 't' i f  at least one of the 
dijucts have truth value 't'. Otherwise the truth value of the 
did- is 'f'. 

iv) Ihe truth value of a mrditicmal is 'f' i f  its anboxk& is true 
d its is false. Otherwise the truth value of the 
mrditicmal is 't' . 

v) Ihe truth value of a biwrditional is 't' i f  both anpenents have 
thesametruthvalue. Otherwisethetruthvalueofthe 
biamkiticmal is ' f' . 

4-5. 
a) A B A->B 

t t  t *  
t f  f Sinx there is a axmterewnple, 
f t  t*CE t h e a r g u m e n t i s m .  
f f  t 

b) A B -B A->-B -A 
t t  f f  f 
t f  t t  f Sinx there are n, -lest 
f t f t  t *  theargumerrtisWD. 
f f  t t  t 

C) A B -B A<->B AV-B 
t t  f t t*  
t f  t f t Sinx there is a -let 
f t  f f f the argument is l lwuuID.  
f f  t t t*CE 

e) A B C AvB AM: 
t t t  t t 
t t f  t f 
t f t  t t 
t f f  t f 
f t t  t f 
f t f  t f 
f f t  f f 
f f f  f f 

AV-B AVB 
t t 
t t *  Sinx there am2 n, ccllmtersranples, 
f t t h e a r g u m e n t i s w .  
t f  

CVA (AVB) ->(AM:) -C 
t t f * C E  
t f t 
t t f * C E  Sinxtheream2carnter- 
t f t -1- to the argument, 
t f f t h e i 5 m p E a i s m .  
f f t 
t t f *CE 
f t t 
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f )  A B C -B -C AVB AV-C (Am) <-> (Av-C) -BVC AvC 
t t t  f f t t t t t *  
t t f  f t t t t f t  
t f t  t f t t t t t *  S b t h e r e a r e n o  
t f f  t t t t t t t *  W l e s t o t h e  
f t t  f f t f f t t ~ f t h e ~  
f t f  f t t t t f f is VALID. 
f f t  t f f f t t t *  
f f f  t t f t f t f  

4-6. 
a )  (A->B) <-> (--A) 

(A->B) <-> (A->B) 8, SLE 

This is a logical truth, s b  A->B is l o g i c a l l y  equivalent to itself, and E 
bi-tiandl is a logical truth if  its carponents are lggically equivalent. 

But 'EK->B* is a l o g i c a l  truth ( a s  in prcblem a ) ,  and a d i s j u n c t i c m  with a 
logical truth as a disj- is a logical truth. So the original sentence i~ 
a logicdl truth. 

c )  A<->-A 
(A->-A) & (-A->A) B 
(-Av-A) & (-AvA) C 
-AhA tN,  R, S I E  

d )  A->-B 
-Av-B C (neither a l o g i c a l  truth nor a a m t r a d i c i t i c m . )  

e )  (A->B) v (A->-B) 
-AvBv-Av-B C, A, S I E  
-Av ( W-B) Rt A, 

A d i s j u c t i c m  w i t h  a logically tw disjunct is logically tw (exercise 
3-4). So this is a logical truth. 

f )  - (AVB) & (-A->B) 
-(Am) &-(-A&-B) C* SIE - (AVB)&(AVB) PI, tN, S I E  

'Ihis is a conjunc t icm of a sentenz w i t h  it's negat icm and so is 
a c m t r a d i c t i c m .  

9 )  (A<->A) ->(B<->-B) : Pmblm (c) that the is a 
c m t r a d i c t i c m .  S b  'A* is logically equiva le r r t  to itself, the antecedent 
is a logical truth. S b  the antecedent is always tw and the 
is always false, this is a c o n t r a d i d i c m .  

h) [ - ( H A )  & (C->A) ] -> (C->B) 
-[-@->A) & (C->A) ]V (C->B) C 
@->A) V- (C->A) V (C->B) PI, SLE 
(-WA) v (CkA) v (a) ct SLE 
(-BvA) v ( e B )  v (&A) A, SIE 
(-BvB) v (Av-C) v (a-A)  CM, A, S I E  

i )  [A-> (B-X) ] -> [ (A->B) -> (A-X) ] 
- (-AV-BVC) V[- (-Am) V-AvC] CDI At = 
(A&B&-C) v (AkB) v-AvC PI, tN, A, S I E  
[ C v ( m - C )  lv[-Av(*B) I A, 
{ [Cv(A&B) ] & (Cv-C) )V [ (-AvA) & (-Av-B) ] D, SIE 
[Cv(A&B) ]v-Av-B L E ,  A, SIE 
W[ (-1 v- (Am) I PI, A* = 

This is a logical truth because one of its disj& is a logical truth. 

4-7. 
a )  'You w i l l  sleep too late unless y set y a ~  alarm. * This sentence makes 
a causal claim, to the effect that setting y a ~  alarm w i l l  keep y fran 
sleeping too late. Whether or mt the causal cwmcticn holds is a m a t t e r  
aboveandbeycadthetnlthvalueofthecarpenerrts* ' Y o u w i l l s l e e p t o o  
late, * and 'You set yw alarm. * 

b) 'Argumerrt 4-5.a) is valid unless it has a c c u n t e r e x a n p l e *  . S b ,  by 
d e f i n i t i c m ,  an aqm?nt  is valid i f  and only i f  it has IKI axl r r te rexanples ,  
only the t ru th  value of the carpenerrts is relevant to the truth value of this 
example. 

c )  i )  ' Y o u m * t g e t a n A i n t h i s c a u s e u n l e s s y s t u d y h a r d . *  This 
transcribes as 'SV-A*, (S: You hard. A: You get an A in this -.) 

i i )  'Ihe critically ill p t i e r r t  w i l l  die unless the doctors cperate. 
'Ihis transcribes as '-0->D* (0: 'Ihe doctors cperate. D: 'Ihe critically ill 
p t i e r r t  w i l l  d i e . )  

i i i )  'You may drive thnxlgh the irRersecticn unless there is a red 
light. * Dc->-R (D: You may drive the htexezticn. R: Them is a 
red l i g h t . )  

These ewnples, and the whole biness  of transmibirq ' u n l e s s *  require 
sane Garment. First, most logic texts will tell y to t r ansch  ' u n l e s s *  
as a Ccpditiandl or a disjuncticn. By the l a w  of the corditiandl, these two 
approaches are -le, sanetimes the one b e i n g  rmre mtural, 
sanetimes the other. F W  wen menticn the p o s s i b i l i t y  of transcribirq 
with the bicorditiandl. I, in a m i n o r i t y ,  think that in moet cases the 
bicanaitiandl -lies a more faithful transcriptim. 

N o t i c e  that there is a slzaqparallel betwen the difference in 
transcribing ' u n l e s s *  with a canaitiandl versus a bicorditiandl and the 
difference in hansmbing 'or*  as irrclusive versus exculsive disjunction. 
'Ihe parellel berxmPs rmre StriJCirKJ when y note that 'X<->-Y* the 
aclusive d i s j u n c t i c m  of X and Y. Pws transcribing X unless Y as -Y->XI 
equivalently as XvY, corresporrls to transcribirq ' u n l e s s *  as irrclusive 'or* ;  
while transcribing it as X<->-Y cmmspds to txanscribirq ' u n l e s s *  as 
exclusive 'or*. ..o: 



I h e ~ l e i s s u e i s r w i l l y v e r y ~ e a r ,  anithereascnisthatindLmost 
all usagss, \unless8 is not tnrth f l n r c t i d .  Thus, like a gmat marry uses 
of \If...ther~...~, tranScipticms h t ~  logic are faulty and -te at 
best. 

4-9. The follcuirqwm% can be used in varicus ways to build up xn-tmth 
f u n c t l d  amnectives in m g l h .  Fbr exauple, \believes8, w k n  cfmbined 
w i t h  a pemon8s name maJces sucfi a ocanective: 'Jchn believes that.. . #. 
' ~ 8 i s t h e ~ i a l w a r d i n t h e a n n e c t i v e ' I t c u p l t t o b e t h e c a s e  
that...' and so CPI. 

i) ~maltes8, \causes8, \because8, %rirqs atcut8 \since8, 
'mans8, 'in3icates8. 

ii) 3wst8, \possible8, \ w l e 8 ,  \mare pmbble (likely) than8, 
'a2ght8 , 'may'. 

iii) %elieve8, 'hope8, \hark8, Wish8, \fear8, \expzt8, \like8, 
'-8, vboamge8. 

iv) \&fare8, 'soosler than8, \after8, 'later than8, \at the same time 
as8, ' s h 8 .  

lhere are, of axuse, marry, Emy other sucfi axmectives in English! 



Q>-s 1,R 
S 3,4,>E 
Q>(SVF) 2,R 
SVF 3,6,>E 
F 5,7,- 

Q>F 3-8,>1 

4 
5 
6 
7 
8 
9 

A>K 1 3  
K 3,4,>E 
RVP 5,- 
(RVP)>L 2,R 
L 6,7,>E 

A>L 3-8, >I 

1 AVB P 

5-2. k) 

1 
2 
3 
4 

I 

6 
7 
8 
9 
10 
11 
l2 
13 
14 
15 
16 
17 

P P 
(-mq>B P 
(Ftr-D)+K P 
D(W-F) P 

P'-" A 

(Ftr-D)+K 3,R 
-K 5,6,>E 
P 1,R 
D(Mr-F) 4 3  
Mr-F 8,9,>E 
-F 7,10,vE 
-D 5,11,vE 
-DvK l2 ,vI 
(->B 2,R 
B l3,14,>E 
BV-P 15,vI 

(Ftr-D) >(BV-P) 5-16, >I 



2 

3 -A 1,2,>E 
4 I-A 3,-E 



4-7, -I 
-F A 

-Fx 1 3  I", 9,10,>E 
8,R 

-F 9-l2 , -1 
F l3,-E 5-6. far most valid a q m m k ,  sane truth assigpmwts to the sentence 

le t te rswhi&l l lakeoneormxepremisefa lsewi l lmakethecadusionh 
and sane such assigpmwts will make the cadus ion  false. mr ewmple, 
the argument, "A, A->B. Pleref- B." is Mid. Making A true arrl B 
false makes one premise, \A->Bf,arrl the c a d u s i c m s ,  \Bf false. Making 
\Af false and \B' true makes one premise, \Af false arrl the cadus ion  \B' 
true. Sane M i d  aTrguneits do not have so rmcfi freedcm. "B. -fore 
B." is valid. O b v i ~ ~ ~ l y  in this exanple the arrl d u s i o n  always 
have the - truth value. "B. Therefore Av-A. ~s also Mid. ~n this 
case the canclusion is a logical truth a d  so always true. Eut these are 
special cases. In general, anythhq can hagpen, depenlirg on the details 
of the case. 



-D A 

-CVD 3 ,R 
-C 4 , 5 , a  

B A 

E x  2,R 1% 7,8,>E 
6,R 

-B 7-10, -I 
AVB 1,R 
A 11,=,- 

-bA 4-l3,  > I  

FM) A 



WS) & (QD) P 
SAX>( [ D ( r n  I>(NW P ShB) >K P 

QP)&(GvP) P 
w-> (-Pa) P 

S A 

-B A 

-Bc-> (-Pa) 3 ,R 
-=(-Pa) 6,OE 
-Pa 5,7,>E 
-P a,= 
G a,= 
(QP) & (GVP) 2 ,R 
QP =,a 
P 1O,l2,>E 

-B 5-U,-I 
B 14, -E 
ShB 4r15ra 

>K 1,R 
K 16,17,>E 

j>K 4-18, >I 

I," 2,R 
3,4,- 

-m 3-5, >I 
T A +DG 3 ,R I", 5,6,>E 

4,R 
-+i 5-8, -I 
H 9t-E 

4-10. >I 
A 

I- 11,VI 
D (lw 11-l2, >I 
NM; lO,U,>E 
G 14,&E 
DG +=,>I 

p A 

C3-H 2,R I," 13,14,% 
l2,R 

< U-16, -I 
I+G 12-17, >I 
*-Xi 11,18,01 

A 

QD 4,R 
D 17,18,>E 
SVD 19,vI 
(rn)>((D(PVK))>(NW) 2 3  
(D(rn)>(NW 20,21,>E 

P A 

Im K  23,vI F"(rn 23-24, >I 
NM; 22,25,>E 
N 26, &E 

x 17-27, >I 
K-X 16,28,0I 9,vI 

3 ,R 
-D 9-11, -1 
CV-B 2,l2,>E 
(kvB)&(CV-B) 8,U,&I 



IB A 
f 
l BVA 4 ,vI 

BVA 1,2-3,4-5,AC 
AM: A 

A 7,a 
C 7,= I%=) 8,10,&1 9 ,vI 

Ah(=) 1,2-6,7-l1,AC 

B A 

3 ,R 
6,7,>E 
8,vI 

AVC 2,4-5,6-9,AC 



rv(=) P 

A A 

1;: 2 ,vI 
2 , v I  

(AvB)&(AW) 3,4,&I 

pic A 

B 68= 
C 6 1 a  
AvB 7 ,vI 
AvC 8 , v I  
(AvB)&(AW) 9 , 1 0 , & I  

AVB) & (AW) 1, 2-5,6-11,AC 

< 3,R 
A 4 1 5 , a  
A>D 21R 
D 6,7,>E 
RVD 8 , v I  

(AW) > (M) 4-9, > I  

l l , R  
U ,VI 

(AW) > ( m )  12-14, >I 
CAW) > (M) l 1 3 - l O , l l - l ~ , A C  



I 
J'(CVD) 2,R 
am u8U8s * 3 tR 
D 14,I5,W3 
RrD 16,VI 

RrD 5,6-ll,u-17,kC 
-(MI 48R - (rn 5-19, -I 

WD) >- (RU) 4-20, >I 

1 
2 

- 
X+>Y prqlut for derived rule 
X - 

1 
2 

- 
X<->Y lnpR for &,rived rule 
Y - 



- 
(Irqut for derived rule - 

A 
Irprt for derived rule 

2 
3 I'Y - 

-MI Irprt for deriwd 
rule 

X A 

1%) 2,- 
1,R 

-X 2-4, -I 
A 

6,VI 
I Y M )  1 3  

-Y 6-8, -I 
-W-Y 5,91= 

-x&-Y Irprt for 
deriwd rule 

M A 

- (=y) 
P=- 
-XC--Y 
-x 
-Y 
X 
Y 
XLY - (XLY) 

-(-WY) 
-MrY 

-f= 
M v e d  rule 

A 

2,M 
3,s 
3,s 
4,-E 
5,-E 
6,7,= 
1,R 
2-9, -I 
10, -E 

- W Y  IWyt for 
derived rule 

1 

2 

D Y  Irprt for 
&rived rule 

-Y A 

1 

2 

3 

4 
5 
6 
7 
8 
9 

-DY Irprt for 
derived rule 

-Y A 
r 

-X A 

-DY 1 rR 
I!Y 3,4,>E 

2 ,R 
-X 3-6,-I 
X 7t-E 

-Y>x 2%,>I 



P 

B A 
L 

L R  
mm 2,3,>E HVR 

+I A 

4 3  516,- 

-?DR 5-7, >I 
m-?DR) 2-8,>1 

1 

2 

Inprt f= 
derived nile 

A 

-(my) InpR f= 
derived nile 

-X A 

It'&'?t for 
&nved nile 

A 

1 

2 

-M Inprt for 
derived nile 

X A 

1 
2 

3 

4 
5 
6 
7 
8 
9 

W(IbP) P 
EM) P 

M A 

EM) 2,R 
D 3,4,>E 
W(IbP) 1rR 
IbP 3,6,>E 
P 5,7,>E 

W P  3-8,>1 



- 

AVB 1 ,R 
B 4151- 
-m-> ( o m )  2,R 
( o m )  >-B 7 , O E  
- ( o m )  6 , 8 , m  
+D 9 , M  
-D lO,&E 
( = ) v ( W = )  3 3  
Dm A 

ID 1 3 , a  

G A 

GVA 3 , v I  
(GVA) > (IDB) 1, R 
IDB 4,5,>E 

P A 

IDB 6,R I& 7,8,>E 
7 1 9 1 a  

B(It&B) 7-10, >I  
O D W ) ) > K  2 3  
K l l , 1 2 , > E  

S K  3-13, > I  

A 

IDF 5 3  IL 20,21,>E 
2 2 , v I  

DvF 15,16-19,20-23,AC 
DvF 1, 6-7,8-24,AC 



7-5. we have a derivation w i t h  X as its only premise and Y and -Y as 
omzlus?ons. Relabel X as an asmpt ion ,  and make the Wle derivation the - 
sub-denvation of a W e s s  arterderivation. The sub4erivation 
lice- dmwing -X as final Ocndlusion of its OUterQrivation by *lying 
RD. ~ a n y ~ o f t h e n e w t e s t f o r c c P r t s a d i c t i o n ~ n b e ~ t o  
an instance of the old test. 

[ I W )  >P P 
-M P 
Jlu! P 
30 P 

rn 2 3  
T 3,4,>E 
D B  13 
B 3,6,>E 
B&T 5,7,&I 

D(=)  3-8, > I  
( M ) > ( D ( B W )  2-9,>1 

( B )  > ( ( )  > ( D  ( )  ) ) 1-10, >I 

1 DF A 
f 

W A 

K 2, a 1~ 13 3,4,>E 
( W ) > F  2-5, >I 
-=-(=a 6,- 

[IOF) > (-F>- ( W )  ) 1-7, >I - 
mu 
N 
N>(C&K) 
c&K 
C 
K 
0 (K'P) 
IOP 
P 
B 
P6lB 
- ( p a )  

f 



- (W-R) &- (N<->-R) 1, C - (W-R) 21= 
- (M->-R) 21= 
*&-R 3 1 m  
+.I 5 ,  a 
-R 5 1 a  
R 7.-E 



I've d-eated in this p r & l e ~ ~ ~ h K J  the &rived rule f m  the-distributive 
law (DS) , whi& I did not idmxhm=.Ycl have really dDne the wrk of p h K J  
the distrilxltive law as a derived rule in pr&lem 7-ld. 

7-8. a) A sentence is a ccertradiction if ard only i f  there is not an 
assi- of truth values to sen- letters whi& rmkes it true. WIlce a 
se tofsentences is inxpls i s ten t i fa rdonly i f  i tscmjunctionisa 
amtxadictim. 'Ibis chracbxizatian wxks only for finite sets of 
sentences, sirce there cam& be a ccmjunction of an infinite set of 
sentences. 



VALID 

VALID 

VALID 



8-2. Since a omjunction, XU, is true whenever both X and Y are true, when 
we have a omjunction on a tree, both omjmzts shauld be w r i t t e n  on me 
brandl directly belaw the ccnjuncticm: 

X&Y 
X 
Y 

Fbr a negated omjunction, -(X&Y) , we first use -'s Law to get -Xv-Y. 
Then, we sinply use the mle for disjunctions. 

Similarly, to  get the mle for ccrditicndLs, X->Y, we use the OmriiticndL 
Law to get -MI and then use the mle for ~ u n c t i o n s .  Again, for negated 
ccrditionals, -(X:>Y), we use the cxrditiavil Law to get X&-Y, and then the 
mle for anjumtlons. 

Biaalitianals are a bit  more tricky. First ,  we m i d e r  what the 
biccrditicnal X<->Y is logically equivalent to: (X&Y)v(-X&-Y). Sinm this is 
itself a disjunction, we will have tw brarrfres, eacfi of whi& will have the 
dlsocapositim pxcdwts from a omjunction on it. the d t  is: 

x<->Y 
X -x 
Y -Y 

For negated biccrditiavils, we note that -(X<->Y) is logically ecprivalent t o  
-[(X->Y)&(Y->X)]. By DeMCqan's Law, this is equivalent to -(X->Y)v-(Y->x); 
and, by the ccrditicmal law, we get: (X&-Y)v(Y&-X). Again, we use the rules 
for disjunctions and amjunctions to get tw brarrfiea, similar to that abave. 

h 

3 
I 

-F 
I -x 

X 
INVAUD. C.E.: (F&-X) 

1 * -(-S & T) 
2 -S 

3 
I * -s I * 

4 S 
X 

RWALD. C.E.: (-5ti-T) 

INVAIJD. C.E.: (-I&-F&P) 

1 * K v H  P 
2 -x P 
3 * -(H & D) -C 

4 
I x 

I 
H 1 v 

X I-- 
5 i i  

I 
-D 3 -& 

RWALD. C.E.: (-K&H&-D) X 

lXVAID. C.E.: (F&-X) 



INVALID. C.E. : (+I&-N) 

* T <-> I 
* I & A  

* -(* v -A) 
I 
A 
*-'I' 
* -A 

T 
A  

I A 

T 
I 
4' 

I -I 
X 

C.E.: ( I M )  

K 
I-- 

7 -K 
I 
-H 

X 
INVWD. C.E.: (K&-H&S) 



1 * '(F & -L) 
2 * -(L & -C) 
3 * -(F <-> L) 

L 

4 
I 
-F 

I * -L 
5 I L 

I-- I I-- 
6 -L -L 

I 

* T  
* 4 

I-- I X 
7 F -F 
8 -L L 
9 X X C C 

I-- I I-- 
10 F -F F 

I 
-F 

11 -L L -L L 
X X 

IWALXD. C.E.: (-FKXL) 

* C > N  
* -(I > C) 
* -(N V -I) 

* -(4 > -I) 
I 

-c 
4 

* -I 
4 

* -I 
I 
I 

I 
-c 

I 
N 

C.E.: (I6dX-N) X 

12 
13 
INKUZD. C.E.: (Q&-D&B&R) 

8-4. 0)  

1 R <-> -S 
2 -(R <-> T) 
3 -(R & -S) 

,. 

4 
I 
R 

I 
-R 

5 -s -s 
I-- 

6 R 
I 
-R 

7 4' T 
I-- I X 

8 -R * -S 
9 X S 
10 X S 

1 ------- 
11 R 

I 
-R 

U 4' T 
X I-- 

13 -R 
I 

-s 
IWNXD. C.E.: (-R&S&T) 



8-5. 
Indoingtruthtrees,wearecmcemedwithtbetruthvaluesofatauic 

which are minimilly sufficient to make tbe original Sentence true. 
Thus, i f  a nile tells us to w r i t e :  X 

-Y we could j u s t  as well write tbe 
stackintbereversearder. ~ i s b e c a u s e i t i s t b e t r u t h v a l u e s o f t b e  
atauicsentencesthatwearecancernedwith, soarderdDesnotll~ltter. 
[ N o t i c e t h a t X a n d - Y o n t h e s a m e s t a c k o a r r e s p c P d s t o  (X&-Y),whichis 
logically equivalent to (-Y&X) .] Similarly, tbe order of braKfies does not 
mtter, s h  XvY is logically equivalent to M. 

B 
* -[(B v C) & (B v D)] 

I A 

* -(B v C) 
I * -(B v D) 

-B -B 
-C -D 
X X 

8-6. 
By using DeMoqanls Law, we can charye a negated omjunction -(X&Y) to 

a disjunction -Xv-Y, and tAen &oxpe this using tbe rule for disjunctiarrs. 
In this way, we can & away with the rule for negated omjunctions. 
Similarly, we can &ange any negated disjunction -(XvY) to a omjunction, 
-X&-Y, ard then use the nile for omjunctiarrs. 

We can also do away with tbe rules for disjunctions and omjunctions, ard 
use cmly tbe rule for negated disjunctions ard negated -junctions. In this 
case, l&mmnx we had a omjunction, X&Y, on a tree, we wxld use l I e M o ~ ' s  
Law to get -(-Xv-Y), ard use the rule for negated aisjunctions. Likewise, 
any disjlnrctim, XvY, could ke mnverted to a negated omjunction, -(-X&-Y) , 
using IxMxqan's Law. 

* D v F  
K > -F 

* -[-F > (D v K)] 
-F 

* -(D v K) 
-D 

8-7. 
a) S h  a omjunction X&Y&Z is true wlwever X and Y and Z are a l l  

true, whenever we have a omjuncticn with three omjuncts in  a tree, we 
sinply mite: X 

Y 
Z um3emeath the 01cigjna.l omjunction. 

Similarly, any disjunction %MvZ is t r u e  wbmver either X or Y or Z is true. 
So, on a tree, we write three bmmhs urder tbe disjunction: 

b) In general, for a omjunction of any length, X&Y&. . .&Z, in a tree, we 
write a l l  of the omjuxztx in one brarrch directly belay the original 
omjunction. For adisjunctionof any length, MrYv...vZ, i n a  tree, wewrite 
one branch for eacfi of tbe disjuxztx belay the original disjunction. 

8-8. 
By the truth table definition of tbe Sheffer Sbmk, we saw that X I Y  is 

logically equivalent to -(XvY); a d ,  by DeMxganls Law, it is logically 
@vale& to -X&-Y. So, in a truth tree, -we see xIY, we write -X 
arrd -Y on one bmmh directly belay it. We also saw that  X ~ X  is logically 
equivalent to -X; so, wherwer XIX a~pears in a truth tree, we siPply write 
-X djrectly belay it. 



9-2. e) 
1 ( R V  L) > ( G V A )  P 
2 * R > C  P 
3 -(B & -R) P 
4 -(-B V  A) C 
5 -B 4 Y 
6 -A 4 Y 
7 B  5 - 

A 

8 
I 

* - ( R V U  
I 

*.IA 1 > 
9 -R 8 Y 

1 0  -L 8 Y 

I-- 
11 -R C 2 > 

I 
C 

I-- 
-R 

I 
I- I I- I I-- I I-- 

l2 -B *-R % *-R -B * 4 
I 

-B -R 3 -& 
l3 X R  X R  X R  X R  12- 

X X X 
14 

I --I 
G  A 8 V  

VAI9) X X 

* (-I & -D) v -D 
-[(I  & J) v ( D L  J ) ]  

( 1 L - J )  v (DL*)  
I 

4 *- I&*  
5 -I 
6 -D 

7 
I- 

* I & <  
I 

* D & J  
8 I D  
9 J J 

X X 
INVWD. C.E.: (-D&ILJ) 

1 * I >  ( J > K )  
2 * - [ ( I > J )  > q  
3 * I > J  
4 f( 

5 
I 
-I 

I 
J > K  

6 
I-- 

-I 
I 
J 

I- 
-I 

I 
J 

I --"- I I-- 
J K J 

I 
K 

IWALZD. C.E. : (-K6-IU) ; (-KCIW) .;, X X X 

5 > 
ll- 





[ ( F L - B ) v Q l > [ A L  ( S v T ) l  
F L  -(S L A )  

* S V A  
- [B> ( A > S ) ]  

F  
-(S L  A) 

B  
-(A > S) 

A  * 
I 

- [ ( F L  -B) v Q 1  
I 

* A &  ( S V T )  
-(F &  -8) A  

Q * s v T  
I A 

s 
I 
A  

I- 
s 

I 
A 

X I- I X * -A 
I-- * I 

-A 

1-1 x I - - -  I X 
-P+ -B S  T  
X B  X 

INVAUD. C.E.: (-): (- 



9-2. t) 
1 R->[4 v (C & T)] 
2 A v (Oc-sO) 
3 -[F> (J > O)] 
4 -[R->(T & A) ] 
5 F 
6 * -(J > 0 )  
7 J 
8 *-4 
9 0 

10 
I 
F 

I 
-F 

ll * 4 v ( C & T )  -[4 v (C & T)] 
I A I X 

12 A Oc-sO 
I-! 

U  F -F 
I-- 
F 

I 
-F 

4 -  m .  *-@&A) T L A  
I-- I x I-- I X 

I 5 4  +CYT 4 * C & T  
16 X C X C 
17 T T 

I --I 
18 -A 

Id- 
4' 

I 
d 

X X x 1"- 
C 

I < 
0 0 

m. C.E.: FU- X 

P 
P 
P 
C 
3 -> 
3 -> 
6 -> 
6 -> 
8 - 
1 0  
l o  

2 v 

4-0 
4-0 

llv 
I5 & 
15 & 

14 4 

1 2 0  
U O  

P 
P 
P 
C 
4 -> 
4 -> 
6 -> 
6 -> 

l o  
1 0  

2 > 
ll- 

3 v 

10 4 

U v  

U 4  

(I&+) > P  
* - A > *  
* * v c  

C > D 
-{-P> [I -P > (D & A)]) 

-[I > (D I & A)] 

-(D LA) 
I- * -(I & 4') 

I 
P 

1 A I X 
-I *-T 
X T 

I -- 
*-A 

I 
4' 

A X 
I-- 
4' 

I 
C 

x I-- 
C 

I 
D 

x -D I- I 
d 

-[-(-P & G) v -(F & G)] 
-(-F & G) 
-(F & G) 
*-F&G 
* F & G  

-F 
G 
F 
G 
X 

10 4 
ll- 





-{(I  & 5 )  v [ ( J  & K) v- (K  & I ) ] )  
- ( I  L 4) 

- [ (J  L K) v -(K & I ) ]  
- ( J  & K) 

1 ( P V  G)<->(-P L 6 )  
* 

2 
I 

* P v G  
I 

-(P v G) 
3 * + L C  -(-P L 6 )  
4 -P 
5 6 

A 

6 
I 
P 

I 
G 

7 X X -F 
8 G 

9 
I 

-P 
I 
--G 

10 P G 
T c r I Q J  X X 

-([(C & (A v D)) V -(C & F)] V -(A L 6 ) )  
* - [ ( C L  ( A v D ) )  V - ( C L P ) ]  

-(A & 6 )  
-[C & ( A v D ) ]  

-(C L F) 
* A & +  

* C & F  
A 
G 
C 
P 1 * [ I v ( J & K ) ] > [ ( I v J )  L K ]  

A 

2 
I 

-[I v ( J  L K)] 
I 

( I V J )  L K  
3 -I * I v J  
4 - ( J  & K) K 

I-- 
5 5 

I 
-K 

I- 
I 

I 
J 

WCIT A Q3MRAMCTRW. C.E. : (-1- ; (-1- ; (XU) ; (KU) 



1 * -([B & (M v -P)] > [ P  > (-M v -B)]) 
2 * B L  ( M v - P )  
3 * -(P > (-M v -B)) 
4 B 
5 * M v - P  
6 P 
7 * -(-M v -B) 
8 *+4 
9 * -B 
10 M 
11 B 

12 
I 
M 

I 
-P 
X 

WT A CX3NIRADICmoN. C.E.: (m 

1 * [K > (D > P ) ]  & [ ( - K v  D) & -(K > P ) ]  
2 * K >  ( D > P )  
3 * (-K v D) & -(K > P) 
4 * - K V D  
5 * -(K > P) 
6 K 
7 -P 

I I 
8 -K * D > P  

X 
9 

I- 
-K 

I 
D 

X I -- 
10 -D 

I 
P 

aNmADICmoN X X 

1 * [ ( G  V Q) & (K > G)] & -(P v -K) 
2 * ( G  v Q) & (K > G) 
3 * -(P v -K) 
4 * G v Q  
5 * K > G  
6 -P 
7 * -K 
8 K 

A 

9 
I 
G 

I 
Q 

10 
I-- I 

G 
I------ 

-K -K 
I 
G 

X X X 
WT A aNlX4DICI'IoN. C.E.: (-F%KKW) 

9-5. Flpm e ~ e ~ ~ : i s e  4-3, ve saw that two sentences X andY are logically 
equivalentifamicnly i f  tbetwoarguments%. lhereforeParrl"Y. 
M a r e  XI a m  bath valid. S h  we can test tbe validity of aagumrb 
using t ruth treps, ve can formilate a new way of testing logical @valence 
withtrepsbyusingthisinfappatim. Tb&' ' wktherXandYare 
logically @vale&, it is sufficient to test bath of tbe a-rts XIy and 
Y/Xforvalidity. Nate~withthisnewmethod, weneedtwotruthtrees. 



3 OT: 
3 OT: 

<- Z 
<- Z 
9- 8 

n 
2-I 
Tf 
OT: 
6 



9-7. 
a) Yes. Acaxdig to the definition (Cl) , a sentence of SL is 

wnsistent i f  ard only if  it is not a rmtadiction. But, no logical truth 
am be a contradictian; so, al l  logical truths are amsistent. 

b) S ~ a r m t a d i c t i i c n i s & f i n e d a s a s m t e m x w h i d s n n o t b e t r u e  
under any possible assigment of truth values to a-c sentence letters, any 
sentence w h i d  has at least one assignwrt of truth values to a-c senbnce 
letterswhidmakesittmeismtacantradiction. But, ifthesentemeis 
mt a colrtradiction, then it is consistent (Cl) . Likewise, i f  a senteme is 
wnsistentaazxdqto (Cl), then it ismtaamtradict ion;  Urns, there is 
at least one assigmmt of truth values to atcmic sentences which makes the 
serrtenoe true. 

C) (C2) essentially states the fact that the set (X,Y,Z) is consistent i f  
ard only if there is an assigmmt of truth value8 to a-c ser&mes w h i d  
makesXardYardZalltrue. But,whereverthisisthecase,thereisan 
assignwrt whid makes X&Y&Z true. lpi! aamrdirq to (Cl), any Sentence o SL 
is amsistent i f  it is not a --on. If WY&Z is true in an 
assignwrt, then it is mt a cantradicticn. 'Iherefore, a set of sentences is 
consistent amrdirq to (C2) if ard only if  the a m j d o n  of its manbers is 
consistat a- to !a). 

d) No, the given set ~s not wnsistent. According to (a), a set of 
sentences is amsistent i f  ard only if  there is an assigmmt of truth values 
tosentenceletterswhidmakesall-ofthesettrue. But, any 
assignment which makes -A true w i l l  IMke -a false, ard vice versa. 

e)  Any infinite set of sentences whid dces mt include a sentence X ard 
its negation -X (or some sentence or sentenxs whid imply -X) is a 
wnsistent set. Wre is one vie: (Al, A2, A3, . . .). 

-([L & (S vT)]<->[(L & S) v (L & T) ) 
I 

* L &  (SVT)  
1 

-(L & (S v T ) )  
-[(L & S) V ( L &  T)] (L & S) V (L & T) 

L 
* S v T  

I-- 
-L 

I 
-(S v T) 

-(L & S) 
-(L & T) 

I--I 
* L & S * L & T  

9-7. f l )  
1 
2 

I 
S 

I 
T 

I-- 
-L 

I 
-S 

I-- 
-L 

I 
-S 

X X X I--l 
-L 3 L 

X X  L T 
S X 
X -S 

3 
I-- I 

* L & S  * L & T  




