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1. (4 points) Complete the following truth tables.

P QlPp=0 Q R|QeRr
T T| T T T| T
T F| F T F| F
F T| T F T| F
F F| T F F| T

2. (12 points) Complete the truth table to decide if P = (QAR) and (~ P) v(Q & R) are logjcally

equivalent.

P Q@ R| QAR PSIQARY P (@ &R) ("’P)V(@@R)
T T T T ) F T r-"zT"

T T F E F F F | F

T F T = 3 F " |

T F F = F le F T | T [

F T T T KT' T T 1 li

F T F = T T F ![Tf

F F T F le' T f T

F F F F l\r T ! 0/

Are they logically equivalent? Why or why not? The

columrs oo P (QAR)

M ’ (‘VP) V {Q@R) QJWLOS‘TL Md'}'C[‘lJ bw(— /lo( jv-;%e .

oY'¢ are NOT logic

eguwafﬂ,wf.

3. (6 points) Suppose the statement (PV ~ P) & (PAQA ~ R) is true,
Find the truth values of P, and R. (This can be done without & truth table.)

NO{.C. _ﬂLa]L (P\/NP) 'S ’{M

so  (Pv~p) & (PAGA~R ]

W\t‘jm meons  that p)/\Q/\NR 5 Awe .

(BM.A‘ PAQ/\NR b-@(fna

?=T =7
s

/

Jwe waans That

yo e m‘.z.[{cf\ff




4. (12 points) This problem concerns the following statement.
P: For each n € Z, there exists a number m € Z for which n +m=40.

(a) Is the statement P true or false? Explain.

W: ismj }a.eca,manpuv awa néz; ﬂuf
MmeZ he The numbar m = -n. Tha
n+m = nN-n O

I

(b) Write the statement P in symbeolic form.

VneZ) AmeZ m+n = O

(c) Form the negation ~ P of your answer from (b), and simplify.

m(\mez dme Z Men = 6 )
gnczm(ﬂméz M+ 1 =0 \

Ane Z, VmEZ’V(W‘*"‘*O)
= \jmez ¥Ywme Z, W\*‘V\#-'O\

(d) Write the negation ~ P as an English sentence
(The sentence may use mathematical symbols.)

Thew exishs om integn n ~for Shda men=E0
Ao every infegen m

Ho

5. (6 points) Complete the first and last lines of each of the following proof outlines.

Proposition: If P, then Q. Proposition: If P, then Q. Proposition: If P, then Q.
Proof: (Direct) Proof: (Contrapositive) Proof: (Contradiction)
Suppose Suppose Suppose YA NQ

0 g A
Therefore 6? . n Therefore iE n Therefore A C’ |




6. (15 points) Let a,b € Z and n € N.

Prove: If a = b (mod n), then a? = b*> (mod n). [Use direct proof.]

__?[‘l"f_ (D“'f’d_) Suppose a=b (mod " )
Thia meams 0| (a—b) and wmsegven%g
a-—\o:hk tor come RE Z,

Now m‘ﬂolj hotlh sidec /ag A+ b:
a-h = n (< ‘
[CH—IOJ (a-b) h Kk (C{ +b)
az'_]oz' :V\k(a+b)o

m\b{)o\f‘e a=h" = he fr = Rlarb) € Z.

ComSegm“'Ua n f = lﬂ?

Thewfore a® = b~ (Mol n ). =
7. (15 points) Suppose @ € Z. Prove: If 100 {42 then a is odd or 5{a. [Use contrapositive.)

E[QO_E (CUWJ\Va 051’*‘]\{6}.
SVPPOSe,'H' ﬁ not trve That ais odd or 5'-,['&r

Them @ 05 evew and 5/a,

ove [a = &cf for some ceZ,
pnd (o = 5 For Sewe he 7 -
This Meams  &C = SJJ se 5ok is €ven. I\
’H/m A must be ewen /VQCOLUSQ (ot WWOOQ?
thon 54 wondd ke odd ot even. Bocgyac

= &€ For so eceZ,

o s even weé Q/UL B e
Thos a=25d = 5:2¢e =1/0e.

2-

2
Cowsecévem"lcj o =(loe) = /00e .
As o = 100 ﬁ;v/ezef we  ob¥yin |oola.
Henee tF /s not Tvue Hlat o4 a® 18R




8. (15 points) Prove: If a € Z, then 44 (a® - 3). [Contradiction may be easiest.]

Ef_‘i‘ff SV?VOW 'Fov The Sake of con*\rmdfchév_s‘
that 4 f(& “23).  This means Laz:%*;”?/’n’t)
ﬁ_w Sowle R & Z FVuW\ 'ﬁ/\uj

o’ = ‘Ih+3 = ‘{k+2+t :;zh+l>+l

ok ’nﬂem.‘poré O\L is oo{&. Hence oL IS
also odcﬂj SO a =2+ Ffovr sonme LEZ

Now we have az_3 = "[/E"
(20+1)°-3 = 4R
Yore dl+1 -3 = qR
Yot gd =2 T 4R b by 2 The
4%+ 44 ~HR = 1—)@

'\'V&t cllChOM E{;

[Try cases.]|

RI(LE+ L~k ) = ||
COWS“-@V\QV\*}-\ (I is a\reV\))wh\c\/\ g e o
9. (15 points) Prove: Ifn €N, then 1+ (—1)*(2n—1) is a multiple of 4.

(P\’Oug' (DfVec+') SU‘PPUS-L n € (N,
"
CASE T TIf n is gven dhen n=2C and (-1) =1.
Thom 1+ (0 2N=1) = 1+ 1 (&(zc) =1) = [+4¢ -1
= 4c, ol ﬂv&:fS&LVmU‘lpLa of 4, . ,
— g "’[’\—?MVI:&C‘F, aof(‘l)z_.
CASET TF n 1§ 946 )H-l] -
Then 1+ (N2t} = [+ CI(R(2e+ =

\—(Yc+2-1) = | =4c <2 + | =YC , amd This
~ molTiple of 4,

>

: 4
Se in et case. |+ (-l) [JV\"I) 5 a
VV\VH‘!PQ of At ’ &



