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B.: (1) All questions are compulsory. R
(2) Make suitable assumptions wherever necessary and state the assumptions made, = ‘{}’
(3) Answers to the same question must be written together. _n:b'
(4) Numbers to the right indicate marks. \
(5) Draw neat labeled diagrams wherever necessary., N
(6) Use of Non-programmable calculators is allowed. {\(,:)

- Attemptiany three of the following: '\\’\iS
Define the following: S <
i.  Universal statement Q‘O
ii.  Existential universal statement <
iii.  Subset %
iv.  Cartesian product * Q\O
v.  Relation ' O
b. i.  Which of the following sets are equal? Justify your answer. &)
A=1{0,1,2} §
={x€ER[~-1<x<3 b
=ieER|~1<x<3 \
befreg)~1<x<3 r<‘\
E={x€Z¥|~1<x<3 W
ii.  For each integer n, T,, = {n,n*}. How many &P’menls are there in each of
T,, T 3, Ty, Ty. Justify your answers.

0 et

o8 For each positive integer i. 4; = {x ER|—-- < J(C'\,@é} A= ( :,%)
i.  FindA, UA, U A, and A, ﬂA,_ﬂAj \\
= e md ,\\

~

U/l and ﬂ/{ &
Qf

d. Fxplam Rusqell s Paradm with an c@mplc
e Write the following statements uﬂng the sym bols ~, /\, V and the indicated letters to
rcplcssnl the component statcr@hts h: “Raj is healthy”, w: “Raj is wealthy”, s: “Raj is
wise” e, N\
i.  Raj is healthy ar ‘:evealth_v but not wise.
ii.  Raj is not wealtlly but he is healthy and wise.
iii.  Raj is neither healthy, wealthy nor wise.
iv, Ra; is nmg;;r wealthy. nor wise but he is healthy.
- v. Rajis vf thy but he is not both healthy and wise.
S
i In the bad\tg’ an old cupboard there is a note signed by a pirate famous for his bizarre
sense of \ij,umo: and love of logical puzzles. In the note he wrote that he had hidden
treasp? omewhere on the property. He listed five true statements listed below and
chdeQ ged the reader to use them to figure out the location of the treasure. Write the
s&guence of steps and locate the treasure.
oL Ifthis house is next to a lake, then the treasure is not in the kitchen.
ey’ Ao U the tree in the front yard is an clm. then the treasure is in the Kitchen,
¢ Qi This house is next to a lake.
& iv.  The tree in the front yard is an elm or the treasure is buried under the flagpole.

v.  If'the tree in the back yard is an oak, then the treasure is in the garage.
Where is the treasure?
TURN OVER
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Attempt any three of the following: 15 ,\“3
Define a predicate and its truth set. Let P(x) he a predicate “x2 > x with domain the -0
set R of all real numbers. Write P(2), P( 2) and P(~'2 ) and indicate, which of these r\, 5"
statements are true and which are false. \\

I.  Using the laws for negating umvclsal and existential statements, derive the \
following rules: g

~(¥x € D(Vy € E(P(x. y))))= 3x € D(ay € E(~P(x. y))) and g-
~(3x € D(3y € E(P(x,¥)))) = Vx€ D(Vy € E(~P(x,¥))) ngl)
ii.  Indicate which of the following statements are true and which are fais.t:%)us.uly
E YOUr answers. (3
| e Ny e e L suchthatx =y + 1. ;\b
s YxeZ andVy €Lt 3ze L suchthat s x—yp. Q\Q

Indicate whether the following arguments are valid or invalid. Supporﬁyour answer with
diagrams:

i.  All human beings are mortal. ,_5;\"
Raju is mortal. A
o ; AV
-~ Raju is human being. g
ii.  All polynomial functions are differentiable. ,fb')

All differentiable functions are continuous. |, '
- All polynomial functions are contmuousm\
Define prime numbers and composite numbers. é\:\prcss the definition using symbols.
Prove that every integer greater than 1 is uthe'"ﬂrum or composite. Write first six prime
numbers and composite numbers. i :
i.  State the quotient remainder theqrem.
ii.  Today is Friday (11/1 1/20I6) rﬂ(‘n[? is not a leap year. Find the day of week, 1
year from today. Qg‘

iii.  Suppose m is an integer. [f ' mod 11 =6, what is 4m mod 117

State the Euclidian algoruhm Pma the ged of (330,156) by using Euclidean algorithm,

Using the method of md&auon prove that:

(1 = ) ( —5) ( —) = n—ﬂfor all integersn = 2.
Prove lhal if the. gQ/\cn p|ed=catc is true before entering the loop, it is true after exiting
the loop. r(l.-“’
loop:  while{a >3andn < 100)
‘\;') ni=n-+1

%m while
pled{f:aif. Zn4 1< 2
Sugpbse a sequence bg, by, b, ... satisfies the recurrence relatien
b= 4by,_; + 4by_, forall mtcoers b = 2 with initial conditions bp=1 and b; =
the explicit formula for ba, by, ba, ...
Define (i) Function (ii)Logarithm (iii) Lovartlhmm function (iv) Boolean function

(v) Image and Inverse Image.

- 3. Find

TURN OVER
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Define surjective function and inverse function. Find the inverse of the following
functions:
t. - Define F1E~ Z by the rule f(n) = 2n for all integers n. o
ii. Define G:R - R by the rule G(x) = 4x — 5 for all real numbers x. N
Let /: Z — Z be the successor function and let g: Z — Z be the squaring function. Then \\Q’

f(n)= n+]foralInEZandg(n)—nzfoxﬂllnEZ Q\
i.  Find the compos:tlon'ag Jand feg. ~
ii. b.Isgef=f°g?Explain. _ ,éf_) .
' O
Attempt any three of the following: Q‘;’J 15
A Relation R from R to R is defined as follows: For all (x, ) € R x R, \83
xRy y=2x %)

Draw the graphs of R and R in the Cartesian plane. Is R a function? p\b
The congruence modulo 3 relation 7 on Z is defined as follows: For afl integers m and
n,
mTne3|(m-—n). V¥
i. Is T reflexive? ii. s T symmetric? iii. Is 7 transitive? '\3
A relation R on A is defined as follows: Q
For all (a, b), (¢, d) € A. (a. b) R (c, d) ,:;-Dﬂad be.
i.  Prove that R is transitive.
ii.  Describe the distinct equivalence classes of R
Define graph, digraph, simple graph and subgrap‘il\} raw a graph with the specified
properties or show that no such graph exists.
i. A graph with four vertices of degrees \t\F 2,and 3 =
ii. A graph with four vertices ofdegree\“’\l I1,3,and 3
iii. A simple graph with four vertices%of degrees 1, 1, 3, and 3
In the graph below, determine which following walks are trails, paths, circuits, or
simple circuits. Justify your answ er%c:)
i.  vlelv2e3v3edvieSvd {y

ii. ele3e5e5e6 .é)b
. v2e3vdvSv3ver2 Q\
iv.  v2v3vdvsvov2 4

O

v. vlelv2elvlf vy

_‘Eiplain rooted tress and binary trees. Draw binary trees to represent the following
., expressions:

i (i@ —b) c) +idie)

il ab~(cli+e))

TURN OVER
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Attempt any three of the following: 15{‘

One urn contains one blue ball (labeled B1 ) and three red balls (labeled R1, R2, and k). -\\
A second urn contains two red balls (R4 and R5) and two blue balls (B2 and B3). An ,\\\
experiment is performed in which one of the two urns is chosen at random and then two.~
balls are randomly chosen from it. onc after the other without replacement. ‘é’)
i. C.onsff'lgct the possibility tree showing all possible outcomes of this exper‘ifx;gm.
ii.  What is the total number of outcomes of this experiment? o)
iii.  What is the probability that two red balls are chosen? \003
L. Ina grdup of six people, must there be at least two who were br.‘n‘n@ihc same
month?!In a group of thirteen people, must there be at least [\\"(‘)\a\\j\}h were born
i the same month? Why? Q
i A drawer contains ten black and ten white socks. You rcae@l‘m and pull some
cut without looking at them. What is the least number of socks you must pull
out to be sure 1o get a matched pair? Explain how the@‘ﬁ%\vcr follows from the
pigeonhole principle. (%‘ :
Ifnis a positive integer. how many 4-tuples of integers freﬁh\‘l through # can be formed
in which the elements of the 4-tuple are written iu\'}’crcasing order but are not
necessarily distinet? o}
Use Pascal’s formula 10 prove by mathematical ('@}uction that if » is an integer and
n> |, then R

n \'\
Z(a) :(2) (3) ) (n dy = ('n+ 2)
% i i AN =
& 7. Z 2 A 2 3
Suppose a person offers to play a gaa@éﬁilh you. In this game. when you draw a card
from a standard 52-card deck, iftheé}‘@fd is a face card you win Rs. 3. and if the card is
anything else vou lose Re. 1. If yg)iuz\xgree to play the game. what is your expected gain
or loss? o
Consider a medical test thav<ereens for a disease found in S people in 1.000. Suppose
that the false positive rate i;sfb"‘i’b and the false negative rate is 1%, Then 99% of the time
a person who has the coidition tests positive for it, and 97% of the time a person who
does not have the condition tests negative for it.
i.  Whatis thegq%babi!ity that a randomly chosen person who tests positive for the
disease acfttally has the disease?-
ii.  What ,i\s‘;ﬂic probability that a randomly chesen person who tests negative for the
disg;\af%@' does nol indeed have the disease?
N o) ¥
-




