
Modular  Arithmetic

hioui'comtingsystem,thenbersgoonindefinitely:  1,2,3,4,.,,  Thissetisax'rinfin';ji'
one.,However,  some cottnting  systems are not  infinite.

Example  'l

ff we eount around  a dockface,  the seq'aence of numbers  'm 1, 2, 3, '&
,,,, 12, The pattern is repeated after we get to 12, The set 'is fitxite,

For exmnple,  ifwe  start  at 8 on a doddace  and  add 7, we finishat  3.

!i"i clock

arithmeaetc,

,!3 +  7 =  3,

Exa:mpNe  2

Egg tiiners work in a similar way, Suppose the indicatot on tI're dNal is a'i'
3 nutes.  In a further  2 .utes  it wiIl  be at 1. Thus in t's  system,
3 + 2 =  1,

Asg  this indicator keeps going around, in5 more minutes it w4
be  at2.  Thatm,  I + 5 =  2,
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!!ixersis*  N7A  Cloak  airilkai*t!c  and  addttiam

1 Copy  and  compIete  hs  addition  t*Xe  for  a 5 mintite  dog.  '
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in mod  5, there

are  5 riurnberb:

0, 1, 2, 3, 4.

2 Use tlte  mod 5 ,tame in  question  'N 'to,eintplify  the  following.,
(a) I + 4 (b) 3 + 3 - (C) 2 +  4
(e) I  + 2 + 3 . (f) 3 + 2 + 1  (g) 4 +  4
(i) 4+(3+1)  (j) (4+3)+1  (k)(3+2)+3

(d) 4 + 2

4ti)  2 +  2 + 2
(I) 3 + (2 + 3)



3 Thediagramsliowsaa'ininutec!ock.Useittomakeanadditiontable
/OS

f,o%r m, od 3 arit:etic. T,hlenn sim, plify t)te-fono,Th, Qg.  \
(d) I + 2 + 2 (e) 2 + 2 + 2 a (D I + 2 + 2 *  I  >

(g) 2 + 1 + 2 + I +  2 + 1

4 Constt'uct  addit'on  tables  for  the  following  modular  arithmetics,  and  keep  them  for

future  reference,

(a) mad  6 (c) mod  8(b)  'tnod 7

5 Use  the  tables  you  have  consffided  iit  question  4 tg  evaluate  the  following.

(a)  5 +  3 (mod 7)  (b) 5 +4  (mod 6)  . '  (e) 4 ", 7 (7720!! 20)

(d)  3 +  4 (mod  7) ' (e) 9 + 8 (mod 11)  (f) 7 +  6 (:mod 8)

(g)  4 +  2 + 3 (mod 9)  - (h)  5 + 6 + 7 (mad 10)  (i) 4 +  4 +  4 +  4 (mod 11)

6 ff  a 5 minute  dock  st,;#b  at 0, what  will  the  indicat:  show  af'ter:

(a) 11 minutes?  (b)  15  minutes?.  a (e) 23 minutes?

(d)  1 hour?  (e) 176  minutes?  (f) 89 utes?

7 If a 9 minute do&  stpts at 0, what will  the hand saw  after the cloc:has  fo,r:
(a)  20 minutes?  (b)  36 minutes?  (c) 100  minutes?

(d)  23 minutes?  (e) 86 minutes?  (f) 2 hours?

8 Suppose  the  days  of the week  are placed  on a 7 position  dial,  beginning  with

Sunday,

(a) What  ntunber  cotresponds  to Webesday?

(b)  What  number  corresponds  to  Sattttday?  '

(c) What  day  is 34 days  after  Sunday?  - 

(d)  What  day  'w 59 days  after  Tuesday?

(e) Anthor*y  planted  some  tomato  seeds On a T:ffi'tysday,  and 32 days  Iater  he

transplantedthem.  Ifheharvested  them54  days  aftertheyweretranspIanted,  on

what  day  of  the  week  were  they  harvested?

9 Cherylgoestotheg5rmnasiumeverysecondday.The
diagram  gives  a geometric  pattem  that  inustrates  her

program.

(a) ff she tr  on  Monday,  wit  time  will  eIapse

before  she  trains  onMonday  again?

{b)  How  many  lines  are  fomd  in  tl*  pauem?

(c) How many times do you rove  around the cloc3
before  arriving  baa  at  the  starting  point?

Sun

Thu Wed

5(3 Drav a pattetn similar to the pattern in question 9 for a person wlto  gaoes to tll(
g37'mnaSlum:
A every  day  B every  tffid  day

C every  fourth  day  D every  fifth  day

For ead"i pattaern, answer  the fonowing  questions.

(a) IfthepersontrainponMondaywhattimewilleNapsebeforetrainingonMonday
again?

(b) How  many  Iinej  are  fourid  in  the pattern?

[d  How maity times do you :pove around tlie dod< before arriving  back at the
starting  point?



!!  State  ffie  moduIus  of  the  following.

(a) the  .months  of  theyear  -

(c) the  days  of  the  week

.(b) a 3 mmute  egg  tii'ner

(d) art  ai"ialogue  clock  -

Residues  and congruent  :iteger,s
This doa  uses wd  6 arithmetic.  b,To matter  liow  many  tinnes d'ie pointer
moves around  the dial, oiy  the numbers  0,1, 2, 3, 4, 5 vill  be indicatea

For  example,  if  we set the do&  at 0, after 49 utes the pointer  will

be a' 1' Tha' "s' The remamdey  'u  !  wben
49=6x8+(1  . .

M  'we dtvxae 49 by 6.

The remairider  *  ffio'urn  as the residue.

AII integers  in ynod 6 mth  the same remainder  are said  to be congnient  in  mod 6

arithmetic.  Eior example,

a  ie the  eqmbo(

for 'is conr3ruenZ t,o'.
19 ,- 37 (wd  6)

19 arid 37 bo'ch

havet-ffe  remainaex  !

wheti dMaea  by 6,

Congruence

The  integers  x and  y are said  to be ayngruent  mod  m U they  have  the  same  residue

mod  ffZ,  In  tl'm  case  we  write  x =  y (mod  yn).

Wxeramse  1 78  apse!idols  and  € '@lTh9a w*maf

inls'@al"ffi

2 (a) Write  down  the residues  in mod 5 arithmetic.
(b) \\rite  do'wntheresidues  in mod 7 aritietic.

2 Wr'te  down  the residues  mad 5 for  the following  ratmbers.
(a) 26  (b) 100  - (c) 17  (d) 0 (eJ 11
(f) 83 a (g) 264 (h) 81 - (i). 4 (j) 3217

3' Write  the residues  of the fonowing  in  mod 7.

(a) 34 -.- (b) 21 . (c) 88 (d) 94 $).,54316(D 170 (g) 131  (h) 0 (i) 4
@ What  are the residues  of 50 in the folloi=ving  arithu"ietics?

(a) nod  7 (b) mid  5 - (c) rttod 6 (d) mad 11

5 Wtite  4 numbers  congruent  to:
(a) 1 (mod 7) (b) 3 (i;nod 5) (e) 4 (mod 6)



6 Write  true  (T)  or false  (F) for  the  followirig  statements,

(a) 5 =-  3 (yyxod 2) ' (b) 17  =- 2 (wd  3)

(d)  16  = 3 (mad  7) (e) 32 =  0 (mod 5)

7 Find  the  srri.aliest  value  for  the  pronumeral  in  each  of:

(a) 17  == x (Imod 5)  (b) 20 .=== y (mad 7) ,

(d)  65 =  b (mod  3)  (e) 47 s a (mad 4)

(c) 49 == 37 (:mod, 12)

(f) 1233  =  1914  (mod 11)

(c) 33 =  a (mod 6)

(f) 101  := c (moii  11)

Notption

The  set of  residues  in  mr:id 5 arithmetic  is {0, 1,  2, 3, 4'}. This  set is often  referred  to

as:Z5.

Simuariy,  in  mod 7 the  residues  are given  byZ,==  (o, 1, 2,...,  6}.

s Write  each  of  the  folRowing  as a set.

(a}Zg  (b)Z=i'  (c)Zg

9 Write  ead'x of  the  numbers  below  as congnzent  to a (,mad 5), where  a 'w an element

ofZ3.
(a) 46  (b) 83 !c) 109  )(d) 158  (e) 550

iO Find  the  smallest  value  of  7ff in  ffie  following.

(e) 550

',k! Consider  the  question  22 +  34 (mod 5).

Approach  1:  22 +  34 (mad  5) =  2 +  4 (7!20d  5)

= I (Omod 5)
Approadx  2:  22 + 34 (mod  5) =  56 (mod  5)

=  I (mod  5)

Use  bofh  approaches  to answer  the  following.

(a) 7 +  12  (mod  5)  i(b)  14  +  12 (mad  7)

(d)  16  +  23 (mod  6)  (e) 5 + 4 + 6 (rnod 3)'

'(c) 20 + 19 ('lTlOd 7)

.:f) 21 +  23 +  25 (mod  4)

(PidTh[le When visitors  knock  on your door,

what  is Ihe polite  thing  to do?
Match  the letter-s with  the answers  to s61ve the  riddle.

.A:6  + 11 (:mod 12)  IM:24  + 27 (mod 5)

I: 3 + 4 + 5 (mod 6) N:22  + 15  (mod. 7)

T: The ntunbez of elements inZ7  a
V'. The 'iiu'i"iiber of elements in7,5

Il li I "
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Chil[leng:ytq  pyoh[leyn Opevatjoi  @
The  operation  @ is defined  as

a G b =  24 -  5
where  a, b are  integers.
For  exmnp}e,  5 Ci4  =  2 x 5 -  4

=  10 -  4
=6

Answet  the  following.
(a) Fmd:

(i) 4 @ 3 (ii)  6 ai8  (iii)  -4  D 2
(b) Is 6 @ 5 the  same  as 5 ai 6?

In  normal  arithmetic,  the  opposite  of the  integer  6 isg tl"ie integer  -6;  that  is, 6 + (-6)  =  0
And  the  opposite  of  -3  is 3; again,  -3  + 3 =  0

Anochextexm

for  oppoei'be  is

gdat!;tve  tnveree,.

The aum of 2
oppoql'be.e

te zero.

Opposites  exist  in  modular  Arithmetic  also. For  example,  3 +  2 = 0 (m.od 5). Thus  3 is the
oppoaite  of 2, and  2 is the  opposite  of  3, in  mod 5.

: Subtraction i.s an operation whe.t41we  Md  the <:ipp,osijJ., ,, .

Examples

13  -  4 =  3 + I (mnd 5)

=  4 (mod 5)

22-  5 =  l  + 2 (rnod 7)

=  3 ('mod 7)

The oppoeite  OP4
ie Tfn mod 5,

'The oppoeite  of'5
is 2 in mod 7.

Fmxastaemse  !ffi7 € Oppo,i:;#tqb  and  =mib*rn<lion
' I W:aite down  t[ye oppostes  of  ffie  fonoaring inn mod 3.

(a) 1 . (b)2  (e) 0
2 Write  dowxi  the  foUoavving in  Z

(a) =3  (b)-4  (c) -1  (d)-2



3 What  nutnbeys  i'tZ,aye  repisex"ite&  by:

(a) -6?  a)) -3?

(e) -!?  (f) -9?

4 Siinplify

(a) 2 -  3 (yyzod 7)

(e) 4 -  N (nzod 5)

(e) (3 -  5) (=arrtxf 10)

(g) 3 -  2 -  3 (tnod4)

(i) 1-  (2 -  4) (tnod  5)

5 Ii't mod 4, st'mp% tl-ie folNowing.
(a) 1 + 3 -  2

(c) 1-  (2 -  i)

(e) (1 -  2) + (2 -  3)

(c) -7-?

(g) -27?

(b)  2 -  4 (tyxod 5)

(d)  9 -  2 (ttrsid 20')

(f) 2 + 1-  4 (waod 5)

(h)  I -  4 =  3 (rnod 6)

(J) 4 - 7 - 9' (mod IN)

(b)  3 =  2 =  3

(d)  2 =  (!  -  2)

(f) (1 =  2). -  (2 -  3)

(d)  -2?

at) -16?

6 kn wJtatmo&ula:e  atitbxnetics  wouJ.d  the  foiloxving  be  ttue?

(a) 1-  3 =  2 (b ) !  -  3 = 5

(c) 5 -  7 =  8 (d)  4 =  5 = 6

(e) 2 -  7 =  3 (f) 6 -  9 =  !O

RjiThJ!e Who gets tbe  sack  every  time Ibe

goes  to woyk?
Bva.]uate  the fono"wiitg,  tIierh  n'iatch  dte letters  witTt  t}ie

answers  to solve  the  riddle:

5:  % -  4 (mod 7)

'!v!:5  -  6 (mod  7)

'E: -3  (n'roa 5)

A: T'he opposjfe of 2 tnZll

T: Theopposjteof3itZl0

N: The additive  inverse cif 6 ii'iZ7

H:3  -  4 -  2 (mod 11)

O': 3 + 3 + 5 (mod 6)

P: -36  (mod 13)

I i : " " - I 'IILJ  .:,-,
782354769'I
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Z5 'Cortsid.er the rnultipucatxon tah}e in moa 5
Each entry be,longs toZ5For  exaniple,

3 x 4 =  12 =  2 (mod 5)
and  4 =< 2 =  8 =  3 (mod 5)
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2 Use  the multipIffieation table inZ5above  to evatuate t}ie following.
(a)  (3 x  4) x 2 (b)  4 x O (c) 2 x 2 x 2.
(d)(2x3)x4  (e)4x4  (f) ??
(g) 2a (h)  % x 2. x 3 x D (i) 4'
(j) (2 x 3) + (3 X 4)  (k)  2 =  (3 x 4)  (I) T  +  3?-

2 Malce  :attiltiplicatNora  tables  :for t'ttod 2, mad 4, ttwd 6, mod 7, mad 8, vnnd 9, mm 10  andwd  -22 anthmetics,  attd  keep  them  four fuztlier  referenoe.
3 Compute  m mad 4.

(all 2 x 3 (b) 2 x 3 x 2 (e) 2'2
(d) 3(i  *  2)  (e) 3 X 2 + I x 2 (+) 32

(h)  22 +  32(g) 3 x O (i) 3"

4 Sjmplif5i'NnZ6
(a) 5 x 2
(d) 2a
(g)  -4  x 5
(p 22 -  32
(m)  (2 -  3)(3  -4)

Example  2

EvaI[tiate  (3 X 7)6 (mod  6).
SgXuHoy>.: (3 X 7)6 = 36 (mr>d 6)

=  3 (triad  6}

5 Study  Example  2, tbeit  evaIua-te,
(a) (2 x3)"(iyaod5)  (b) (2x37'  (mad 4)
(d) 7 x  8 (mod !D)  (e) (4 x  5)a (:mod 10)
(g) 3 +  4 x 2 (yttod 8)  (li) 52 't- 32 + 42(:mad 6)
Q) 'IO' ('vbiod 12)

6 Evafluate  x? ie
(a) x =  2 (yyzod 5)

7 Evaluate  X2+ 3x + 2 ff

(d) x = 7 0'izod 9)

(b)  3 x 2 X -"I
(e) 32 -  42
(b.) 34

(k)  -1  x 3 x 4
(u)  3[2  =  4)

(b)  x =  3 ('rnod 5)
(e) x =  3 (mad  7)

(b)  x =  3 (moi  Q
(e) x =  7 (:v'riod NO)

(e) 5"'
(f) 23 -  4
(i) 32 +  42
(N)) (-4)'

(01) 4'

(c) 5 x 6 (nxod 7)
(f) (3 x 7)'a (mod !0)
(i) )tJ3 (wd  9)

(e) x =  7 (mod 8)
(f) x =  8 (mod  10)

(e) x =  5 (nzoa 8)
(f) x =  9 (mod  12)



Example  3

Evaluate  k7 x 29 = a (mod 7:i, where a is i  27
Approach  '1; 17  x 29 =  493 ('mod 7)

=i 3 (mod 7)

Appmach  2: 17  x 29 =  3 x 2 (t'trod 7)
=== 3 (mod 7)

8 Study Example 3, tben evaluate ti'ie fo}Io'vrLng where a 'v  in Z7
(a) 9 x  12 a a (mod 7) (b) 13 x 15  =  a (mod 7) (c) 28 X I6  -r= a (mod 7)
(d)  36 x 50 =  g (;moa' 7)  (e) 5 x 8 x 'J:-l s a (:mod 7)  (f) 222 =  a (niod  7)

9 Sintplify  the  followiq  iri  mad 5.

(a) 24 x 27  (b)  31 x 32 x 33

(d)  26'  (e) IOI  x 203

(e) 104  x 216

(f) 61"

Example  4
Conider  tl'ffs example  in  mod 5:

I x  I =  I {mnd  5)  axid  4 x 4 =  I (mod  5)

We cari  coihdude  that  the  square  root  of ! ixt

number  x is the  numbar

that  bvhen mu!t!plleJ  tpy'

itself  glvee

'10 €a) By considermg  fl'ie mitiplicatioxy  take  in  mad 5, firad ffie square root(g) of 4.
(b) Does every  element ofZ5have  a squaw  root? ffrtot,  whidt  ones do?

!'fl Coiuider  27
(a)  Indicate  wMdat  nutnbers  have  a squace  root  DI  roots,  and  write  them  down,

(b)  Wbidx  numbers  ao riot  have  a square  root?

).2 IrxvestigatesquarerootsiZ3,Z4andZ9.Wrntedo'xirriyourcondusfon.s.

C!iTK(1!eli'[l!!JiTig Ipt[rDiit)[tsliN Rema!nders
(a) i Fix'id  tiie  reunainder  '*Iien  74 is divi=dea  by  !00,

(b) Heriz  or odyerwise,  firrd  tlte  reinaiiider  when  719"9

is divided  by  100.

[ffi:Jtille  How  ean you build  a

sandcastle  in 10 seconds?
Evaluate  the foTtoiib*g,  then  match  the letters

wjth  the  axxswers  to solve  the riad7e.

N:42  (mod  9)  D: 3 x 7 (mod 11)

K:5  x 4 (:mod 7)  A: 3 x 8 (,mod iO)

S: 2 X 3 X 5 (mod  7)  I:  5 x  3 (m.od 12)

E: 2a (mad  9)  U: 7 X 5 (:mod 10)

C: 6 X 3 (:nzod 9)  Q: 5 x 2 (mnd 9)

7.

h

528 1. 5 30
J-  J

6 2 4 7 10



Cba!'lieng:gxH pgoobllenx ffiS N!tvue?
We can  sJiow  ffiat:

', 2-"=2(virog'I3)  25-2(,rnod5)  27=2(mod7)

.- 35==3(;r,qa';"5)  37=3(nxod7)  4==4(mod5)

I. (a) Is it  true  in  genera'!  that

x"  = x (mod  m)

for.z in2i.m?
(b)  Fo:r what  valt;ies  of  m does  the  yesuNt liold?

Bee:paaoeafs and div:s:ogv

=' "ff' 2 ntunb=.i  %,=e.  :, product  of4;'

;. theratlie)i  are said  to  "6e reciproc'aNs

' d  eaai  ojher.  '

A reciprocel  is

aleo known ar>  a

muJkipllcatfVe

inyers.e,

25

.; ;:a.-.a. l:' 2  B--'-4-

'0. 'i!0  (i '-O 0 0 '
.'y.:,'2 5 Th. 2, -3 4 I

-2-, : ;O .-2 -i' 4 1 3 ,
1.:-..i,!.-=-'

, a Lo - :i ; i  o z t
'-4 i 0 4 : 3 2 I ,'

ff  vy=e look  at the  ni,ultiplication  tahle  for  moi  5 arithi;ietic,

we  olyserve  that

2x3  =')i

4x4=2

!x2-aj

3x2=2

Thus 2 sirv;13

are rac?procale.

Z4

The riuni)zers  4 anal

are recipvocale  of

i!iemeb'rvee.

Co.mider mul$lication  ffi ynoii 4.
I x :[ =  1  .'. 1 aitd  3 have

and  3 x  3 =  1  rieapmcals

We can conclude  t in  rued 4 tlte  nuinber  2 does  not
Iiave  a recipmcal.

IL->';,.,iiBN
"i-.-

i4'!-f:'iF.Q-=
'

1'-=1'::t2- '
0-.
[4i9

,  2

-71: '-i
I 'a  .i
..1,

*!j!

r!
g_6-::
=-O -,-2-:--e3,2-'

"-g %-zl-1

As  in  the  case  of  real  nbers,  divtsiori  is regarded  as tNxe inverse  of  znu}tiplication.

Tlia'tis,  when  adividing'  we  'multiply  by  the  reiprocal'

Bxainples

4 +  3 =  4 x 2 (mod  5)

2 (mod  7)
f

4 md  2 are

rerAprocalr> iri moA 7,

I,e, 4  x  2 el  mod 7,



and

'il (a) Do  am rion=zero  n'u.mbers iri  mot)  3 arithmetichave  reciprocals?

2 Wicl'xnumbeys["iavereciproeJsfnmotf7?Lfstthem

3 (a) WN4dh itumbers  have  ret'procals  in irxod 6?
(b) I%'hi6  do t'xot have reciproeals?

4 Evaluate  m yytod 7.
(a) 3 +  2 (b) 2 +  3 (c) I *  2
(dl) 5 + 2 (e) 2 +  6 (f) 4 +3

3x2

(j) 3 + 6 + 4 (lc) (2 -  3) + 2 0l) (5 x 2) + 6

(d) (2 + 3) x  4 (e) (1 -=- 3)2 (f)

6 Evaluate  in. mo.d 11
(a) 4 +3  (b) 2 +9  (C) 5 + 6
(d) 10  + 7 (eJ)6 +  5 (f) 7 + 20

4x3  2x5  3+7

2 Fina  2 + 4 + 6 + 8 + 10 + N2 +  14  (maa! 7)

Sowwing equafjons
The  normal  rules  apply  when  mIvingequations  in  odular  arjthrnetic.

ExampIes

2 3x  =  4  (mod  5)

x =  4 +  3 (mod  5)

=  4 x  2 (tyzoa"5')

=  3  (mod  5)

Dfivii'Ae  )!>=,Ab E:l%'4eS b7  a)



2a-3=4

o =  4 +  3
.2

3 2a +  6

2a =  I  6

a==t

(tytod 5)

(mod 5)

(mod 5)

-Atda.3  to bofh  si.aes.

(nwd  7)

(maid 7)  Ta:[ce 6 tronn  tyoffi  sjdes,

(mod 7) Add  fbe e7posNte.
(77104 7')

(rmd  7) DkvMe  botb  sNaes by  2ii

Solve  die  foIIowing  iri.  mod 5.

2

2 So'[ve the fonoiz  irh  mgd 7-

4

3 Solve  m ffie  modi'cts  indicated.

3

Riddfe  What  do you have if you are holding  7 oranges  in your
jeft  hand and 8 apples  in your right  tiand?
Solve  the fonowfng  equatio;  in  mad 11, ffien  match  the
letters  withthe  answe=  tosofve  the  riddle,

/,
H: 4x-5=7  S: x+x=l  /  b

' _l
I

li I 'I I -'



Answers

Wxa'rabe  'ffl J!jk

!  "qitd  5 2 (a) 0 (b) 1 (eel I  (d) 1  (e) I  (fil  (g) 3 (h) t (t) 3

(p 3 (k}  a (D 3

3 mod 3 (a) 0 (b}  1  (c) 2  (d)  2

(e) (] {6  (1 (g"i (]

IEi':!; ..'jLj_Tj_.:F'.'2V :.si'. i:.y_3_

IA
l'0'
.%  I

j,tl  I

,-O- :- 1

"l ! ,2
12._z__
i ,1__

S -1-,4-'
T'- 0.

:Ta-""'*r=-i
l:i'/a  y I
i-  I

'!:
"J2'

- I  -

2 .1 3

 3 i- 4

l-

i4

i6
0,

j

i-
2

'4!0 il

[;

1. ;

!-_o 7-"'i-'-
:)il:.'p'

l-5_-

l'- '6o"-'
(J"22':1I 2 , 0

4 (a) *nod 6 (b) 'ttc'm 7

L'N6:6I,.':':\
I _ .  _"  i.
} - -0  _  

> _%,

:G

9
1

j

f
i
.3

(a-"'O"ii--  -! "  ii
:i;zj

-l - -2' -l -3 i. 4_11J3
13 i_'+i

I "  -

j__ _5_.-i-6"'
l'i'  a;a-s  :

, J'
2

I:ffii
jf.i,J
(95

'

I ;%!
;.'!
A';l

&a

._z_i *,,_

.J€,IK._]
i4

r-s
t-51-0-'

' o. jl'. i-!
W.;,,.4
.!-3
Q48.

n
ff.

i;

'i?
i4____"4 'j_J'_7-'' D i 1' L'_.:_. !, _.(s'-

i' 3 i 4
--"-l-"")

__u_i O I
 ""l  "-  -

1i2

2 3  4  5 6 I  0

5 (a) t  (b)  .3

7 (a) 2 a)) 0
9 (a}  2 wwks

(c} I  (d)  (J (e} 6 (fl  S

(c) I  (4  5 (e) 5 (O 3

(b) 7 ?i.riti>  (t')  2 Ltaies

!3un !>un

liii  l  .!a

l

i .i-'s  '

W  A7  aays, B 3 weeks,

C4weeks,  D 5weeks

(b) AJI 7Luies  (e} A % time,

B 3 times,  C4  tirraes, 05  'rimes

it  (a:) mzd I2  (b)' nicd 3

€d mod 7  (d) mad !2

(e)  ttzod 6 (f) mod 24

Stut

Fri

Thu Wed

SlXn

/-'\-

I-10

Thu I%Ted

mxere5se  'u 7)a

(e)0(r,ixraf3:!i  (f)2(mod4)

ChaTlei'xgir'ig  pn'ol-+lem Operatioax  O (a) U') 5 (ii)  4 (iiD  -10  (b) No



Fxeraxf)se  \1 7( €

bonuss  'f  '319
!  (!l)  4 (b) 0 (e} 3
2 rnod2

(d) 4  (e) 'u

tittd  4
(k) 4 (B) 3 <h} 0 (i) 4 (p 3 (k) 0 ([:13

iiiod fi

la -aB  :_  -
l  -l=.

aj_Z_l il..'2,S(ilf'3.
7

!) N:!j!iJ -,-O-_1J,'-0_[.71T
!
J)y.:t-lli-rI2

l:, 2 :
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1'_'3_
:Jj
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)
;fi.:l
!z,
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l'3:': in-%a"RI%":.9if:"

II _' a

q.,,0
n
g .0' :i-:'(; 'j51., O- ':i-_:_:7"()J'

t'j
t
Ir
it
:laa'l"-e€-,i' ,1 , ; 27 ij,,:Th,__-4  .I .gz.-

:i ;
d jBIi!l -'0 Ii.-t_',_:4_- - ,iij - 5a -2 =4-

Ths

i;i i0.L $-- -'6 -' 1Ij- .5 3

i3 e';
y ,'i -"O'

l- J.r'  2- 0 = 4=

l'Th)41l' 5_18 : 4- . '3 . :, 2

'ja".9.3

ChaN'uengtng probleax Is it  hue? (a) No  (b:i When m is a @ame

Imxeaease  W 7ff

axe-rsFise  !I Th


