P8 [~P [ ~Clp=oo| ~@>~4P [~P=~8
il E £ T T w
T | F F T a (nl T
L €1 T T F | T T b
. F F l g i ) l
| 4
| Aoy
e {ateent!
Oprpeve N’? A .
F L«’h‘ \H‘VC-
W negaton T o (,P’;)&\ \u{\o \:Eos
& 3: zJ ~ (P=>s)| (ouvesrse
= = - — s two siepsd
. ('N"t‘" e i Co nverse -
R A T & =>P

NOT &

(1;0(&;1 : . cok\fra?os:h‘\&.

o oou\?yru(.u\c& (J'{- ,\\*Ws

Lo—l;m,o. eqlvalemes

—
—

(’Tu\ ontrent , T converse

(2)(‘3 V(OJ'Q ‘fh:s -&W\#Q\C—kc&.
rufh  tabless

(P =a)
(~& =5 ~P)

— N
Coutra positive

d P8
'y &’:—'3‘)\

ael D.M—u-éc\h Laws:

(,ou_fro.(;os.{w\rt.

e
e

bu..a RN O

ol fu whale adti froal

' Oowh'qr)os«w
stlencent HBHeas

~ P =~Q




T\»«por&«»{r Mote. . abost neqatng P=>A -

{ To : quq_ o~ MB‘\-"‘O“ 01— P 2>&,

our w~ore \,o%(c&—Q Qiulvo‘\ﬂuu.',

Con express P=>8 wh g JM‘( A, Vo
P S | ~P| ~Pv & B
o T T £ y &
T & F il
c | T | T T
€ = T | 7T 1
T

Te only way o GrgEEh (=58 o he

bolee. » £ P lelds Lut & doerw’t Lot

| r"’(P:S)&\ = f"(**Pv&\
7:: Cﬂ’("?} ASC,
Dcmracu-\
K‘ = P/\ ~




Worksheet 4: Contrapositive; congruence

1. Prove that: for ¢ an integer, 3 | 5a if and only if 3 | a.
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2. What’s wrong with the following: A/ 2514 Wil |
Problem: for a an integer, prove that if 2019 | 5a then 2019 | a. of “3"

Proof: Proof by contrapositive — suppose 2019 does not divide a. Then
we need to prove that 2019 does not divide 5a. Divide a by 2019 with e P’“u‘*“\
remainder: we write a = 2019¢ + 7, and our assumption means that :
r # 0. Then 5a = 5(2019¢ + r) = 2019(5¢) + 5r. Since r # 0, then
5r = 0, so the number 5a has remainder 57 # 0 when divided by 2019.

erefore ba is not divisible by 2019. Thus we assumed ~ @ and proved
~ P, so by the contrapositive argument, the proof is complete.
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3. Prove that any integer is congruent to the sum of its digits mod 9.
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