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FIFTH SEMESTER U.G. (CUCBCSS—UG) DEGREE [SPECIAL]

EXAMINATION, NOVEMBER 2020

Mathematics

MAT 5D 19—MATHEMATICS FOR SOCIAL SCIENCES

: Two Hours

Part A

All questions to be attended.
Each question carries 1 mark.

What is an odd function ?

What is the derivative of sin x ?

What is the solution of x2 -4 =0 ?

Define exponential function.

Lt % -1.

Evaluate
x—>1

What is a linear function ?

Part B

All questions can be attended and overall ceiling.
Answer any five questions.
Each question carries 2 marks.

Solve 2x2 -8x+1=0.
State mean value theorem.

Find the slope of the curve ax? +bx+c.

What is point of inflection ?

Maximum : 40 Marks

(6 x 1 = 6 marks)

If a particle moves along a curve with velocity given by the function f(x) = 5x° +3x% - x+4 find

the acceleration at x =1.

Form the partial differential equation of z=ax+by+c.

If the marginal revenue function is given by Q2 +12Q -21. Find the total revenue function.

(5 x 2 = 10 marks)

Turn over
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15.

16.

17.
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20.
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Part C

All questions can be attended and overall ceiling.
Answer any three questions.
Each question carries 4 marks.

Evaluate Iezxdx .

Find the second partial derivatives of z = x3 + y® + 3xy .
Find the sum and product of roots of equation 2x? + x-3=0.
If f(x)=sinx and g(x)=38x+1 find f.g. and gf.

A particle is oving along a curve S =12¢ - 3¢2. Find the velocity and acceleration at ¢ = 0.

(8 x 4 = 12 marks)
Part D

All questions can be attended and overall ceiling.
Answer any iwc questions.
Each question carries 6 marks.

Differentiate x" using firsi principie.
If v =acosmx +bsinnx show that d%y\dx%+n’y =0.

: : . 3.6.2 ;.2
Integrate the following : i) log x ; ii) (436 +2x° +x —3) /x”.

(2 x 6 = 12 marks)
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FIFTH SEMESTER U.G. DEGREE (SPECIAL) EXAMINATION
NOVEMBER 2020

(CUCBCSS—UG)
Mathematics

MAT 5D 18—MATHEMATICS FOR NATURAL SCIENCES

Time : Two Hours Maximum : 40 Marks

Section A

All questions to be attended.
Answer all the six questions.
Each question carries 1 mark.

1. Write the relation between mean, median and mode.

4
2. Write log, [%] as the sum or difference of logarithms of x, y and z.
, )

Find the harmonic mean H of the numbers 3, 5,6, 6, 7, 10 and 12.
Define the semi-interquartile range.

Find the second and third and moments of the set 2, 3, 7, 8, 10.

A

Write the formula for finding skewness of a distribution.
(6 x 1 = 6 marks)
Section B

All'questions can be attended and overall ceiling.
Answer any five out of seven questions.
Each question carries 2 marks.

7. Prove thatthe quadratic mean of two positive unequal numbers a and b is greater than their

geometric mean.
8. IfZ,=X,+Y,,Zy=X,+Y,;...; ZN = X+ Yy : prove that Z=X + Y.

9. Show that the product of the numbers 5.74 and 3.8, assumed to have three and two significant
figures, respectively, cannot be accurate to more than two significant figures.

Turn over
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The number of ATM transactions per day were recorded at 15 locations in a large city. The data
were : 35, 49, 225, 50, 30, 65, 40. 55, 52, 76, 48, 325, 47, 32 and 60. Find : (a) the median number

of transactions ; and (b) the mean number of transactions.

On a final examination in mathematics, the mean was 72 and the standard deviation was 15.
Determine the standard scores (i.e., grades in standard-deviation units) of students receiving the
grades : (a) 60 ; (b) 93 ; and (c) 72.

Prove that (a) my =m, - m?Z; () mg = mj —3mj my +2mp.

Prove that w? + pw + ¢, where p and g are given constants, is a minimum-ifand only if w = :2— p-

(5 x 2 = 10 marks)
Section C

All questions can be attended and overall ceiling.
Answer any three out of five questions.
Each question carriesd marks.

Solve the following logarithmic equation In (5x)<1n (4x + 2) = 4.

The numbers X, X, ...., X occur with frequencies f,, f,..., fx where f; + f,+... fx = N is the total
frequency.

(a) Find the geometric mean.G of the numbers.
(b) Derive an expression. for log G.

(¢) How can the resultsbe used to find the geometric mean for data grouped into a frequency
distribution ?

Given the sets 2, 5, 8,11, 14 and 2, 8, 14, find :
(a) The variance of each set.
(b) ..The variance of the combined sets.

Find the (a) First ; (b) Second, (¢) Third ; and (d) Fourth moments about the origin 4 for the set 2,
3,17, 8, 10.

Find the : (a) Quartile ; and (b) Percentile coefficients of skewness for the distribution with
Q, = 268.25, Q, = 279.06, Q, = 290.75.

(3 x 4 = 12 marks)
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Section D

All questions can be attended and overall ceiling.
Answer any two out of three questions.

Each question carries 6 marks.

19. The final grades in Mathematics of 80 students at State University are recorded in the accompanying
table :

68 84 75 82 68 90 62 88 76 93
73 79 88 73 60 93 71 59 85 75
61 65 75 87 74 62 95 78 63 72
66 78 82 75 94 77 69 74 68 60
96 78 89 61 75 95 60 79 83 71
79 62 67 97 78 85 76 65 71 75
65 80 73 57 88 78 62 76 53 74
86 67 73 81 72 63 76 75 85 77
With reference to this table, find :
(a) The highest grade.
(b) The lowest grade.
(¢) The range.
(d) The grades.of the five highest-ranking students.
(e) The grades of the five lowest-ranking students.
(f) Thegrade of the student ranking tenth highest.
(g)/The number of students who received grades of 75 or higher.
(h) The number of students who received grades below 85.

(i) The percentage of students who received grades higher than 65 but not higher
than 85.

Turn over
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20. Find the mean deviation for the distribution of heights of 100 students in the following table :

Height (in) Frequency (f) :
60 — 62 5
63 — 65 18
66 — 68 42
69 — 71 27
72 - 74 8

21. Calculate the first four moments about the mean for the distribution of the following table :

X f
12 1
14 4
16 6
18 10
20 7
22 2

(2 x 6 =12 marks)
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(Multipie Choice Questions for SDE Candidales)
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INSTRUCTIONS TO THE CANDIDATE

1. This Question Paper carries Muitiple, Choice Qucntions from 1 to 20.

2. The candidate should check that the question paper supplied to him/her contains all the

20 questions in serial order:

3. Each question is provided with choices (A), (B), (C) and (D) having one correct answer.

Choose the correct‘answer and enter it in the main answer-book.

4. The MCQ question paper will be supplied after the completion of the descriptive
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MAT 5B 08—DIFFERENTIAL EQUATIONS
(Multiple Choice Questions for SDE Candidates)

1. Which of the following is a linear differential equation ?

(A)  y +(y)’ =sinx. (B) (y')® +3y=e".
(C) 3" +3y'+y=0. @ V()P +et=0.

2. Which of the following is a separable differential equation ?

dy dy _x+y

(A) dx 1_y2. (B) dx—x_y’

(© d_y*'(Sinx)y:ex (D) (—112+(sinx) =0
dx ’ dx Y .

3. The general solution of the differential equation 2x (335 +y—ye ¥ ) dx + (xz +3y% +e™ " ) dy=0
is:

2 2
(A) 22y +ye™ + 23 + 9% = C. «(B) 292 4 ve* + 22 + 2= C

© xy +ye* +y? = C. D) xy® +y + 2x%e " 4+ % =C.
4. Which of the following is an initial value problem ?

&) y'+y=0,5(0)=5'(0)=0. (B) ¥ +y=0,7(0)=y(1)=0.

(C) ¥ +y=0,y(0)=0,y(1)=1.. (D) y"+y=0,5(0)=0,7(2)=4

5. Which of the following is a boundary value problem :
(A) ¥ +y=0,y(0)=1,5(0)=0.
(B) ¥ +5y=0,y(0)=1,5 (0)=3.
(©) 2%y +xy'+y=0,y(0)=0,y(1)=2.

D) y"+y"+y=0,9(0)=y (0)=y"(0)=0.
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6. The general solution of the differential equation y’ = cosx is:

(A) y=sinax. (B) y=cosx.
(C) y=Csinx. (D) y=sin(x)+C.
1(3M ¢N :
(R N oy ox is a function of x only, then an integrating factor of Mdx + Ndy = Q-1s :

(A) &(x)=eXP[I§-(@—Q§jde. (B) p(x)=exp[j_;.[§1‘_4+%)dx}.

dy o qy
1 (M ©oN 1 (éM./ oN
=|= | —-—|dx = |= |/~ +~—|dx
© r@E)= |3 (ay 8x) x D) (%) IN(@x Qy] x
1 (6N oM )
8. If M\ _6y is a function of y only, then an integrating factor of the differential equation

Mdx + Ndy =0is:

‘ A 1
o vor-eo](5(2- ] ) mer-en[ 13330 ]

1 (oN_ oM 1 (oN
©) rx)= J‘ﬁ(g-g]dy- D) (%)= jﬁ(ng%‘]dy.

9. An integrating factor of the differential equation ;ﬁ +P(x)=Q(x) is:
a4

(A) lrdx (B) o lpdx

(C) Jplex (D) J(P+Qux

e

Turn over
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10. A mathematical model of an object falling in the atmosphere near the surface of earth is given

by :
dv d?v
(A) m$=mg—rv- (B) m—dt2 =mg —rv.
dv
(C) = =mg. (D) None of these.

11. The differential equation y" -5y’ +6y =0 has :
(A) Two linearly independent solutions.
(B) Three linearly independent solutions.
(C) Four linearly independent solutions.
(D) Infinite number of linearly independent solution.
12. The general solution of the differential equation (D2 -4D + 4)y =0 is :
(A)  (cy+ eg) o2x. (BY, (cg —eyx) e2x.
(C)  cre* cpe?*. (D) ¢1®* + cye?.
13. The characteristic roots of the differential equation (D? — 2D) y = 4x2 + 2x + 3 are :
(A) A=0,A=-2. (B) A=1,A=3.
(C) A=0,A=2. D) A=LAr=-2.

14. The Laplace transform of the unit step function 1, _ ) is:

(A) “emas, (B) e */s.

(C) e%/s. D) e %/s2.



15. If £{f (t)} =F (s), then £{f (at)}=

1
(A) — F(s/a).
a

(C) F(a/s).

© sint
16. [, ——dt=

(A)

B

o X
© 5

17. The Laplace transform of the function whose graph shown below is :

1\

fO =k t>1

F@) =kt

<) =2 2

(B) F(s/a)

(D) F(s).

B) =
B) 3

(D) None of these.

® E(1-e)

(D) None of these.

B) 2, 2"

D) 2. 2

D 92460-A
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19. c{t"}-
n! (n+1)!
(A) - (B) -
n! 1
©) i1 (D) ey

20. The solution to the problem :

o? Uy =Uy, 0<x<L
u(0,¢)=0 u(x,0) =f(x)
u(L,t)=0 u, (x,0) =0  isgiven by
® . [ nmx nmnl
(a) u(xt)=3"_ a,sin (—L—) cos (TJ
I el . [ nnd nnx
B) u(xt)=3"_ a,sin (T) cos (T)

©) u(xt)=>"_  a,sin (%)

D) u(xt)=)"_cbycos ["T"")
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FIFTH SEMESTER U.G. DEGREE (SPECIAL) EXAMINATION
NOVEMBER 2020

(CUCBCSS—UG)
Mathematics

MAT 5B 08—DIFFERENTIAL EQUATIONS

Time : Three Hours Maximum : 120 Marks

o

10.

Section A

Answer all questions.
Each question carries 1 mark.

Write down the differential equation whose solution is y = cje*+'¢;e™ °.

Find that function given by the Wronkian W [t, tQJ ?

Find the integrating factor of (x2 — 1) Z_y +8y=x?
X
Find the complimentary function corresponding to y" + 2y’ +y =¢.

Compute £ {e“t cos? t}.

What is one dimensional heat equation ?

Find £71(1).

Find thefundamental solutions of y" + 25y =1¢.

Find the value of b, in the Fourier series expansion of 2n-periodic function f (x) = x2, x e [— 7T, n].

Show that derivative of an even function is odd.

Turn over
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11. What do you mean by an exact differential equation ? Give an example.

12. The order of the differential equation

13.

14.

[
(1}

16.

17.

18.

19.

20.

21.

22.

23.

d*y (dyY dSy
ExT_(a) =10+'gx—5' 1S ....

(12 x 1 = 12 marks)

Section B

Answer at least eight questions.
Each question carries 6 marks.
All questions can be attended.

Overall Ceiling 48.

Convert y" + ¥ =0 into a system of first order equations.

Find the Fourier sine series for the 2rn-periodic, function f (x) ==, x & [- =, 7.

Find the integrating factor for ydx — xdy = 0.

Find the inverse Laplace transform of log ((s <a) /(s - b)).

Define unit step function and find its Laplace transform.
Solve : £2 y" — 2ty' — 3y = 0.
Show that the inverse Laplac¢e transform is linear.

Write the existence and. uniqueness theorem for first order differential equations with the
assumptions involved therein.

State Abel’s theorem.

4y’

Solve Ex

(2x—3y+1)2.

Evaluate £ (te‘ sin 2t).
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24. Find the second order p.d.e. for which u = f (x + at) + g (x — at) is a solution.

25. Find £ [cosh2 2t:|.

26. Solve y' + 2y = 0 using Laplace transform.

217.

28.

29.

30.
31.

32.

33.

34.
35.

(8 x 6 = 48 marks)
Section C

Answer at least five questions.

Each question carries 9 marks.

All questions can be attended.
Overall Ceiling 45.

sint, if 0<t<n/2,
Express the function f (t) ={cost, if n/2<t<m in terms of combination of unit step functions

0 elsewhere.

and hence find its Laplace transform.

1
Use method of convolution to find the Laplacc inverse of (s- 1)3 ‘

1

Evaluate the Laplace inverse transforms of ¢ot ! (s/a) and 2"
(32 —-bs+ 6)

Derive the Euler formula for finding @, in the Fourier expansion of a 2n-periodic function f (x).
State the conditions for the existence of Laplace transform of a function f(¢) and prove the same.
Find the Fourier cosineseries for the function f (t)=|t - n|,t [0, n].

Find the solution of .the heat conduction problem : 36u,, = u,, 0 <x<1,t>0;u (0,8 =0,
u(l,¢)=0,¢t>0;u (x,0) =cos (2nx) — cos (bmx), 0 < x < 1.

Get a formula for £ (f(¢)) where f (¢) is a periodic function of period T.

State and prove convolution theorem for Laplace transforms.
(6 x 9 = 45 marks)

Turn over
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38.
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Section D

Answer any one question.
Each question carries 15 marks.

(a) Apply method of variation of parameters to solve : y" — y =sec .
(b) Solve (2x +y +1)dx +(x - 3y +2) dy =0.
(a) Solve the following differential equation in two ways, one of them must be using Laplace

transform. If y" -2y =t,y(0)=1,y(1)=0.

(b) Find the Half range Fourier sine series of f (x) = 2, xe [0,3].

Use method of separation of variables and solve the one dimensional heat equation completely.

State the assumptions involved therein explicitly.

(1 x 15 = 15 marks)
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MAT 5B 07—BASIC MATHEMATICAL ANALYSIS
(Multiple Choice Questions for SDE Candidates)

If A, ={n,n+lLn+2 ... },then,ﬂ:=1 A, =...

(A) 1. B) g.
(C) . (D) n.
If A ={1, 2,3} and B = {4, 5} which of the following is not a member of A x B.
(A) (1,4). (B) (2, 5).
(C) @, 4. (D) (4, 3).
Which of the following subset of A x A defines a function on A ={xeR:-1<x<1}.
(A) C={kxy:x2+y2=1}). (B) C={(x,y):x+y2=1).
(C) C={x,y):22+y=1}. (D) None of these.

Which of the following set is not countable ?
A) {1, 2, ... , n}. (B) The set N of natural numbers.

(C) Theset Q of rational numbers. (D) The interval (0, 1).

The number of injections from S ={1, 2} to T = {a,; ¢} is

(A) 2. (B) 4.
(C) 6. (D) 8.
If a e R such that, 0 <a <¢ for every € >0 then, :
(A) a>0. (B) a=0.
© a=0. ' (D) None of these.
. The binary representation of 3/8 is, :
(A) 0.0111111.... (B) 0.0101000.....
(C) o0.1011111.... (D) 0.0101111.....

If 0 < b <.1,1im (b") equal to :

(A) 0: (B) 1.
(C) b. (D) .

3n+2
Limi .
imit of the sequence [ on + 1) 1§ ————.

(A) 3. (B) 1/2.
(C) 2. (D) t3/2.



1
10. The smallest value of K (g) corresponding to £ = .01 for the sequence [;] is

(A) 10. (B) 50.
(C) 100. (D) 101.
11. Which of the following is false ?

2
(A) If &,) is a convergent sequence then ( x n) is convergent.
\

D 92459-A

(B) If(x,) is a convergent sequence, and x, >0 for every n, then (\/xn) is convergent.

2
(C) If (x n) is a convergent sequence then (x,) is convergent.

3
(D) 1If(x,) is a convergent sequence then (x nJ is convergent.

at 1 + bt 1
12. If0<a <b,then lim "+ b" is :
(A) b. (B), “a.
(C) a+b. (D) o
13. The limit of the sequence defined inductively by, x; =1 and *»n+1 =2+ Y. Is:
n
A 1-2. (B) 1++2.
© 2+42 D) 2-2.

14. Which of the following sequences with nth term x, diverges ?

@ oo Y ® x,-2CY
n n
a1 (-1)" (n+1)
S1-(-1)" 2 L= \nrl)
<) =x, ( )+n D) =x n2+1

Turn over
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18,

19.

20.

4

Which of the following statement is not true about closed sets ?

(A) Arbitrary union of closed sets is closed.

(B) Arbitrary intersection of closed sets is closed.

(C) IfX=(x,)is a sequence of elements in a closed set F, then lim X belongs to F.

(D) A subset of R is closed if and only if it contains ail of its cluster points.

Which of the following statements is not true about Cantor set ?

(A} Cuantor set is closed.

(B) Cantor set is uncountable..

{C)} he compliment of Cantor set in |0, 1] has length 1.

(D) Cantor set has non-empty open intervals as subsets.

If z = (x, y) is a complex number its inverse -1 is:

X Yy

(A)

(5 s

(x2+y2’(:r2+y2 .

(©) L(x“2 + yz ’ (xz + y2 ‘

(1- i)4 is equal to -
(A) 4.
C) -4

-2
If = 1+ 3 thenArgzis:

(A) g

2
©) %
Iewlisequalto:
(A) 2.
< 1.

(B)

(I3)

iB)
(D)

(B)

(D)

(B)
(D)

D 92459-A

x ~y
(xz-ryz’(x‘?+y2
¥ -x
(x2 erz,(x2 +y2
4.
— 4.
_r
3
_2n
3
- 2.
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Mathematics
MAT 5B 07—BASIC MATHEMATICAL ANALYSIS
Time : Three Hours Maximum : 120 Marks
Section A

Answer all questions.
Each question carries 1 mark.

1. Fillin the blanks : Infimum of the S={1-1/m;m e N} is

2. The Set of all real numbers which satisfy the inequality lxz - 1| <3 1s

3. Fill in the blanks : The ¢ neighbourhood of p ¢ R is

4. State the Supremum Property of R.
5. State Cantor’s theorem.

6. Fill in the blanks : If X is a converging sequence of non-negative real numbers, then
limX =

7. Define Cauchy sequence.
8. State the Betweenness property of irrational numbers.
9. State the Monotone Sub-sequence Theorem.

10. Give an example of a bounded real sequence which is not a Cauchy sequence.
11. Fill in the blanks : Thevalue of (1+ i)lo +(1 —i)lo is

12. Fill in the blanks :\Arg(-n —in)=
(12 x 1 = 12 marks)

Section B

Answer at least eight questions.
Each question carries 6 marks.
All questions can be attended.

Overall Ceiling 48.

)
|

(1) ;neNT.

n

13. Define Supremum and Infimum of set. Find them for the Set S = J] 1

Turn over
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15.

16.
17.

18.

19.

20.
21.
22.

23.

27.
28.
29.

30.
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Prove that the set N of positive integers is not bounded above.

If b is a real number such that 0 <b <e¢ for every >0, then prove thatb =0.

Show that there doesnt exist a rational number r such that 2 = 7.

State and prove Squeeze theorem on sequence.

logn
Test the convergence of the sequence ( orgz ) ,,,,,
If X and Y are convergent sequences of real numbers satisfying (%,) < (¥.),¥n € N;then prove
that lim(x, ) <lim(y,),vneN.
Prove that every bounded sequence of real numbers has a converging sub-sequence.
Illustrate Cauchy sequence by an example.

Distinguish between converging sequence and Cauchy sequence. Write the relation between
them.

Prove or disprove that “the union of infinitely many closed sets in R is closed ”.

Prove that |jz;|-|22] < |21 - 2a|.

cosn
Test the convergence of the sequence ( n )
. .. 1
Find the principal value of (—125i)§ .
(8 x 6 = 48 marks)
Section C

Answer at least five questions.

Each question carries 9 marks.

All questions can be attended.
Overall Ceiling 45.

State and prove Characterization theorem of Intervals .

Prove that [0,"1] is uncountable.

State and prove the “Density theorem ”.

]
Detcrmine the set A = {x €R: 2x+1 < 1;-
x+2

Let X=(x,) be a non-negative sequence of real numbers with lim(x,)=x. Prove that

lim(\fx, ) = x.



32.

33.

34.
35.

Y5}
o

37.
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(a) Give an example of a convergent sequence (x, ) of positive real numbers with lim (xn )Z =1.

(b) Give an example of a divergent sequence (x,) of positive real numbers with lim(x,)» =1.

1
(c) Justify the property of the sequence (x,) of positive real numbers with lim (x,)n =1.

Test whether the (x,) defined by x, =1+1/2+1/3+...+1/n is Cauchy sequence or not.

Establish the relation between contractive sequence and convergent sequence.

Give an algebraic proof for the triangle inequality of complex numbers.
|(Zl + 29 )I < |(21 )I + |(22 )I.Vzl,22 eC.
(5 x 9 = 45 marks)
Section D

Answer any one question.
The question carries 15 marks.

(a) Distinguish between countable and uncountable sets. Give examples for cach of them.
(b) Prove that :

(i) Subset of a countable set is countable.

(i1) Superset of an uncountable set'is'un countable.
State and prove the Cauchy convergence criteria for a sequence.

(a) Define closed sets in R. Show-that the Intersection of an arbitrary collection of closed sets in R
is closed.

(b) Show by an exampie that-the union of infinitely many closed sets in R need not be closed.
(1 x 15 = 15 marks)
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MAT 5B 06—ABSTRACT ALGEBRA
(Multiple Choice Questions for SDE Candidates)

Which of the following defines a binary operation on Z* ?
(A) a*b=a-b.
(B) a *b =c, where c is the smallest integer greater than both a and b.
(C) a*b=c,wherec is atleast 5 more thana + 5.
(D) a *b =c,wherec is the largest integer less than the product of @ and b.
If b and c are the inverses of some element a in a group G then :
(A) b=c. (B) b % ec.
(C) b=kecforsome ke N. (D) None of these.
On Q, which of the following does not define a binary operation?
(A) a*b=|a]|b. (B) a*b=(a-b)
(C) a*b= 4ab. (D) None'of these.

Let * be the binary operation defined on Q* as a*.6.ab/2 . Then inverse of the element a is :
(A) 2a. (B) “4/a.
(C) a2 ¢(D) None of these.

. Which of the following are true ?

(1) A group may have more than one identity element.

(2) Any two groups.of three elements are isomorphic.

(3) Every group ofat most three elements is abelian.

(A) 2and3. (B) 1and2.
(C) 1lands. (D) AllL
6. Let G'={1,-1,i,-i) where, be a set of four elements. Which of the following is a binary operation
onG? (Da*b=aqa+b. (2)a *b —a.b.
(A) Only 1. (B) Only 2.

(C) Both. (D) None of these.
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In a group G, (a * b)2=a?* b2foralla,b € G . This statement is:

(A) Always true.

(B) Trueif Gis finite.

(C) Trueif Gis a multiplicative group.

(D) True if G is abelian.
If a group G is of order 31, then which of the following is false ?

(A) G is abelian. (B) Giscyclic.

(C) Gis abelian but not cyclic. (D) Both abelian and cyclic.
The Klein 4-group is isomorphic to

(A) Z,x Z, (B) Zyx Z,

©) Z,. (D) None of these.
Order of (2, 2) in Z, x Zgis

(A) 2 (B) 6.

C) 4. (D) 12.

Which of the following is true ?
(A) Every cyclic group has a unique generator.
(B) In acyclic group, every element is a generator.
(C) Every cyclic group has at least two generators.
(D) None of these.

Which of the following is a cyclic group with only one generator ?

(A)  Z,. B) &,+).
(C) Klein-4 group: (D) None of these.
1 2 3 45 6
Let 6= 3 145 6 2 . Then 4% equals:

123456
(A A3 1456 2

123456
B) 123456/

1 2 3 4 5 6
©) (3145 6 2 (D) None of these.

Turn over
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The product (13 6) (2 4) of two permutation is :

123456 1234568
(A)(346251' B 312546
123456 123456
(C)(235614 D 235461

Which of the following is true ?

(A)
(B)
()
(D)

Every function is a permutation if and only if it is one to one.

The symmetric group S3 is cyclic.
The symmetric group Sn is not cyclic for any n.

Every function from a finite set onto itself must be one to one.

Which of the following is an even permutation ?
1 23 45 6 7 8 1 2 3'4 5 6 7 8
A) 13 451621 8) B) l2 154 5 37 8 6/
1 23 45 6 7 8
(C) 1 435 . (D)" None of these.

2 6 8 17
What is the largest possible order of a cyclic subgroup of Z,4 x Z,;?

(A) 60. (B) 30.
(C) 180. (D) None of these.
In a non-abelian group the element a has order 108. Then the order of a 12 is :
(A) 54. (B) 27.
(C) 18. (D) 9.
f is a homomorphism f:( R, +) — (Z, x) such that (2 ) = 3. Then f(6) Lis :
(A) 6. B) 9.
(C)~ 18. (D) 27.
Which of the following is not true ?
(A) Every subgroup of every group has left cosets.
(B) A subgroup of a group is a left coset of itself.
(C) Anisofindex 2in Sn forn > 1.

(D)

None of these.
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Section A

Answer all questions.

Each question carries 1 mark.

Fill in the blanks : Example of a finite abelian group of order 4 which is not cyclic is
Fill in the blanks : Number of units in the ring Z4 is

Fill in the blanks : One way of writing, to show that-the identity permutation i is a transposition,
isi =

Give an example of a group of least order which is not abelian
Give an example of a finite integral domain.
Compute the inverse of the permutation ¢ = (1) (1 2)(13) in S,.

Show that the identity element in a group is unique.
Find all generators of-the group Zs.

Define ring homomorphism.
Define permutation.

Define division ring.

Definea function from nZ to Z which is actually an isomorphism.

(12 x 1 = 12 marks)

Turn over
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Section B

Answer at least eight questions.
Each question carries 6 marks.
All questions can be attended.

Overall Ceiling 48.

Show that every cyclic group is abelian.
Draw the subgroup diagram for 7,,,.

Show that a group is a finite group if it has finite number of subgroups.

Let S be a set and let ¢, y and t be functions mapping S into S. Prove that. ¢ * ( W ¥ 11) = (¢ * \V) *1)

where the binary operation * is the function composition.

Show that intersection of arbitrary number of subgroups is again’a subgroup.

12 3 45 6 4 5 6
Compute the product ou when ¢ = and p= 123 .
1 3 4 5 6 2 2145 6 3

Show that any infinite cyclic group is isomorphicte Z.

Prove that in any group G, (a *b)~ ! _p~lu g for all elements a,beG.

Show that order of an element in a finite.group divides the order of the group.

Show that the coset multiplication given by (Ha) (Hb) = Hab is a well defined operation when H is
a normal subgroup of G.

Find all left cosets of H= {0,3} in Zg.

Calculate ¢ (4) if ¢« Z — Z is a homomorphism that satisfies ¢ (1) =1.

Is Q, the set of rationals, the field of quotients for integers ? Justify your claim.

Define binary operation and give an example of it which is not associative and also not commutative.

(8 x 6 = 48 marks)
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Section C

Answer at least five questions.

Each question carries 9 marks.

All questions can be attended.
Overall Ceiling 45.

Show that every permutation o of a finite set is a product of disjoint cycles.
Let G be a group. Show that the permutations, p, : G » G defined by p, (x) = ax, do,form a group
isomorphic to G.

Give any necessary and sufficient condition for a ring R to have no zere.divisors, Justify your

claim.

Define Kernal of a group homomorphism and show that it is anormal subgroup of the domain of
the homomorphism.

Prove that every field L containing an integral domain D contains the field of quotients of D.
Find the index of the subgroup (o‘} in Sy when(o'=1(1, 2, 5, 4) (2, 3).

If the index of a subgroup is 2, show that it\is.a normal subgroup.

If H < G and if we define a relation Rin G by aRb if ™! b e H, show that it is an equivalence

relation ?

Prove or disprove : (i) Every finite field is an integral domain ; and (ii) Every integral domain is a
field.

(5 x 9 = 45 marks)
Section D

Answer any one question.

The question carries 15 marks.

36. (a) State and prove Lagranges theorem.

(b) Express ¢ = (12 3)-1(13 4)2 ¢ S, as a product of disjoint cycles.

Turn over
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38. (a)
(b)
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If § : G > G’ is a group homomorphism then show that image of a subgroup of G is a subgroup
of G".
Show that the set of all even permutations form a subgroup of group of Permutations.

Give an example of a finite group of order 3 and verify Cayley’s theorem for that group.

Find all the units in the ring < Z,,, + 19, X 15>.
(1 x 15'= 15 marks)
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MAT 5B 05—VECTOR CALCULUS
(Multiple Choice Questions for SDE Candidates)

The angle between the vectors a = [1,2,3] andb=[0, -2, 1]is:

1 1 -1 -1
a) s (B) cos”! .
1 1 -1 1
€ s o (D) cos Nl
The straight line through the point(1,3)in the x y plane and perpendicular to the 'straight line
x—-2y+2=0is:
(A) 3x-y=2. B) x+y=1.
(C) 2x+y=5. (D) 2x-y=5.

The parametric equations for the line through (-3, 2, -3)and (1,1, 4) are:
(A) x=1+4t, y=-1-3t, 2=4+T7t. (B) x=2+4t, y=—2-3t, z=—4+1¢.
(C) x=3+4t, y=8-3t, 2=5+7t. (D) x=1-4¢t, y=-1+3t, z=-4-Tt.

8
The point of intersection of the line x = e 2t,y =< 2t,z=1+1¢ and the plane 3x +2y +6z=6is:
@ (1,1,2). (B)~(2,0,1).
2 9.0
© |320] D) (0,1,3).
. . —t dr-
If r(t)=sinti+e y+3k,then51s:

(A) sin ti + 3k. (B) costi+e'j+3k.
(C) costi—e™y. (D) sinti-e'j.

The domain of the function f (x, y, z) =xyln (z):

(A) -Entire Space (B) {(x, y,2):xyz # 0}.
(C).._Half space z > 0. (D) Hald space z < 0.
: 4x5y*
Which of the following holds for the function / (%)= m !
A y%i_)m(o’ 0 f (x, y) exists. B (o y}i—>m(0,0) f (x, y) doesn't exists.
©)  Jm f(xy)=0. (D) None of these.

(x,¥)—(0,0)
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Let f(x,y)=x-yand g(z,y)= e°be two continuous functions. Then the composition function
g(f(xy))=e""is:

(A) Discontinuous. (B) Continuous.

(C) Continuous at origin. (D) None of these.
The function f (x,y)=xy hasa:

(A) Local maximum.

(B) Local minimum.

(C) Both local maximum and minimum.

(D) Nolocal extreme values.

2 .2
. x Y o q1ia-
The minimum value that the function f (x, y)=xy takes on the ellipse 3t g lis:
(A) 2. (B) -2
(C) 4. (D) -4

The plane x + y + z=1 cuts the cylinder x? + y2 =1 _in an ellipse. The points on the ellipse that

lies closest to the origin are :
(A) (1,0,0)and(0,0,1). (B)\ (0,1,0)and (0,0,1).

(C) (1,0,0)and (0,1,0). (D) (1,0,0)and (0,1,1).

What is the value of H xydxdy over the first guadrant of the circle x? + y% = a? ?

2 2
a a
(A) T (B) R
4 a4
a —
(&) Y (D) a8

A coil spring lies along the helix r (¢) =(cos 4¢) I +(sin 4t) j + k,0 < t < 2n. The spring’s densi.

constant, 8 =1. Then the radius of gyration of the spring about the z-axis is :

(A) 1. (B) 2.
(C) 3. (D) 4.
The gradient field of f (x,y, z) - xyz is:
(A)  yzi+xzj + xyk. (B) xyi+xzj+ yzk.
(C) xzi+ yzj + xyk. (D) None of these.

Turn over
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If V@:(y+y2+Z2)i+(x+z+2xy)j+(y+2xz)kand®(1,1,1)=3,thenwhatis @ ?

(A) xz+xy+yz2 -1 B)  xz+yz + 222,

(C) xy?+x22-1. (D) xy+xy? + x22 +yz-1.

Which among the following is the work done in moving a particle once round a circle C in the
xy-plane. Given the circle has centre at the origin and radius 3 and the force field is given by

F=(2x-y+2)i+(x+y=2")j+(3x -2y +42)k

(A) 8. (B) 80n.
(C) 88m. (D) 18m.

. . 2
If F=(3x2+6y)1—14y2.l+20x2 k, then the value of IF -dr where"C is a curve from
C

(0,0,0)to(1,1,1) with parametric from x =¢, y =2 5 =43 is-
(A) 13. ®B) 7.
(C) 5. (D) 11.

If 7* is the unit vector in the direction of 7 and r =| r |, then div (rA) i1s:

r
(A) o B\ r
) ar. (D) =
Vector product is:
(A) Commutative, (B) Anticommutative.
(C) Associative. (D) Not distributive wet vector addition.

If F,G are differentiable vector functions and & is a differentiable scalar function. Then :
(A) curl (FxG)=(grad @)x F + & curl (F).
(B) div(FxG)=-Fcurl G+ g curl F.
(C) diV(FxG)z(G,V)F—(FV)G+FdiVG—GdiVF-

(D)~ curl (FxG)=F curl G- G curl F.
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Section A

Answer all questions.
Each question carries 1 mark.

Find the domain and range of f (x, y) = cos xy.

Y

li Z,
Evaluate (x, y)lin( 0,0) x

Define gradient of ¢ (x, y, z) = xy=.

Compute the divergence of f = y2 { + z2j+x? k.

What do you mean by the directional derivative of a function ?

When do you say that a vector field is conservative ?

What is the linearization.of the function f (x, Y, z) at the point (xo, Yos zo) ?

Find the total differential of  if u =1In (x*+ y* + 2%).

What do you mean by circulation around a curve ?

State-the Normal form of Green’s theorem in the plane.
Fill in the blanks : If @ is a constant vector and r =xi+y j+zk, then V x (Zz x ;) =

State Stokes theorem.
(12 x 1 = 12 marks)

Turn over
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Section B

Answer at least eight questions.
Each question carries 6 marks.
All questions can be attended.

Overall Ceiling 48.

Evaluate (% y}1_>111(0’ 0y .

Find the vector normal to the surface ¢ (x, y, z) = x?+y%+ 22 at (1,1,1).

F‘ind?and%at(l’l’l)’ifx2 +y2 +22 +ye* z+zcos y=0.
X

Prove that V-(r” ;) =(n+3)r.
Find the total derivative of y = x% + y3 with respect.to tif x =a cost, y =bsint.

Compute the average value of the function. f (x,y)=x cos(xy) over the rectangular region

0<x<n0<y<l.
Find the directional derivative 6f f.(x, y) = xe” + cos (xy)at (2, 0) in the direction of 3i -4 j.
Find the flow of r = x { 4y + z £ along the portion of the circular helix

x=cost,y=sint,z=t; 0<t¢n/2.

Find the value'of A which makes the following vector

f= (Axy B 23)f+ ((7» -2) x2) J+ ((1 - 1) xzz) k isirrotational.
Verify whether the differential e* cos y dx + (xz —-e*siny ) dy + (xy + z) dz is exact or not.

If f and g are irrotational, then show that f x g is solenoidal.
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1,02
24. Evaluate Io _[0 xy (x - y) dydx.

25. Test whether the vector 7' = (ex cos y + yz) i+ (xz —-e* sin y) j + (xy + Z) % is conservative or not.

26. Prove or disprove : If div f =0, then curl f =0.

27.

28.

29.

30.

31.

32.

33.

(8 x'6'= 48 marks)

Section C

Answer at least five questions.

Each question carries 9 marks.

All questions can be attended.
Overall Ceiling 45.

Evaluate ,[ I Y 21y — 5 dydx.

Find V£ (r),ifr=xi+yj+zk
Find the work done by the force field f =yz i + zx j + xy £ along any of the path joining the points
(-1,3,9)and (1,6, - 4).

Evaluate the outward fluxof f = 4xz i — y2 j + yz k through the surface of the cube cut from the
first octant by the planes x =1, y=1and z=1.
Find the equation to the tangent plane and normal line to the surface

f(x,y,2)=x®+y® + 22 =9 =0 at the point (1,2, 4).
Evaluate the area enclosed by one leaf of the rose r =12 cos 36.

Find the greatest and the smallest values of f (x, y) = xy takes on the ellipse x2 /8 +y? [2=1.

Turn over
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1,2,3 9 9
Evaluate I((O 0 0)) 2xydx + (x -z ) dy — 2yzdz.

Show that f = (x + 2y + 42) i+(22-3y—z)j+(4x - y+22)k is conservative and find its scalar

potential.
(5 x 9 = 45 marks)

Section D

Answer any one question.
The question carries 15 marks.

Verify Gauss’s divergence theorem for f = x { + y j + z £ over the sphere of radius a centred at the

origin.

0,1,0 . .
(a) Evaluate I((l 0 0)) sin y cosxdx + cos y sin xdy + dz.

(b) IfSis aclosed surface enclosing a volume V, then prove that .g (curl) f-ndS=0.

Using Green’s theorem find the counter clockwise circulation and outward flux for the field

}?z(xz +4y)2+(x+y2)j' and the square C bounded by x=0,x=1,y=0,y=1.

(1 x 15 = 15 marks)
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Section A

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

1. Define Statistics.

e

. 2. Distinguish between population and sample.
What is meant by frequency distribution ?

Define Median.

\WVrite down the sample space when a.six sided die is rolled.

> o oA~ ®

Id '.entify the type of probability in the statement : The probability that you will get an A on your
nelxt test is 0.9. '

N

D¢ fine mutually exclusive events.
8. State the addition rule of probability of two events.
9. What is a discrete random variable ?
10. Find the missing probability from the following probability distribution :
x : 0 1 2 3 4
P (x) : 0.07 0.20 0.38 ? 0.13
11. Find the mean and variance of a binomial distribution with n = 50 and p = 0.4.

12. In a geometric distribution, what does the random variable measure ?
(8 x 3 = 24 marks)

Turn over
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Section B

Answer at least five questions.

Each question carries 5 marks.

All questions can be attended.
Overall Ceiling 25.

Explain the different levels of measurement of data.

What is the difference between stratified sample and systematic sample ?

Give the Classical and Empirical definitions of probability.

A coin is tossed and then a die is rolled. Find the probability of tossing a head énd then rolling a 6.

A corporation has six male senior executives and four female senior executives. Four senior executives
are chosen at random to attend a technology seminar. What is the probability of choosing two male

and two female senior executives ?

The number of hours students in a college class slept the previous night is given below :
Hour : 4 5 6 7 8 9 10
Students i 6 8 20 9 4 2

Construct a probability distribution.

A particular surgery has 90 % chance of success. The surgery is performed on three patie nts. Find
the probability of the surgery being suecessful on exactly two patients. ’
(56x5= .f25 marks

Section C

> Answer any one question.
The question carries 11 marks.
The marks of students in two subjects A and B are given below. Find the co-efficie 1t of variatj.on

and compare-the results.

A 35 70 45 62 55 72 90 44 62 75
B : 88 73 55 82 48 95 82 95 48 84

About 60 % cancer survivors are ages 65 years and older. Six cancer survivors are selected at
random ask them whether they are 65 years of age and older. Construct a probability distribution
for the number of cancer survivors of this age group. Also find the mean, variance and standard
deviation.

(1 x 11 = 11 marks)
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MTS 5D 03—LINEAR MATHEMATICAL, MODELS
(Multiple Choice Questions for SDE Candidates)

What is the slope of line passing through the points (0,1) ang 1,1)?

(A) 1. (B) -1.

(C) o. (D) o0.5.
Equation of a line whose x-intercept is 1 and y-intercept is —1.
(A) x+y=1. B) x-y=1.
(C) x+y=-1. D) x-y=-1.

P : Slope of a horizontal line is 1.

Q : Slope of a vertical line is undefined.

(A) Pistrueand Q is false. (B) Pis false and Qistrue.

(C) P and Q are false. (D) P and Q are true.
Find the equation of the line that passes through the point (3, 5) and is parallel to the line
% + by = 4.

(A) bBx+2y=25. (B) . <2x-5y=-19.

(C) 2x+5y=31 (D) 2% + 5y = - 19.

Find the equation of the line that passes through the point (0,1) and is perpendicular to the line

x = 0.
(A) y=0. (B) y=1.
C) y=-1 (D) None of the above.

V/hat is the solution of the system of linear eguatior: given below ?

x+y=1
x-—y=-1
(A) ~(0,1). (B) (0,-1).

© (1,0). (D) (-1,0).



3
7. x-3y=1 the linear system of equation has :
x-3y=-1
(A) Unique solution. (B)
(C) No solution. D)

2x —6y=4 )
8. 3x-9y=6 the linear system of equation has :

(A) Unique solution. (B)
(C) No solution. (D)
5 -6 [-4 6
@8 9| 8 3T ——
-1 10
. [~ 1 12]
© 116 -6/ &
10.
onlv if :
(A) m=p. (B)
(C) n=p. (D)
A=|® 78 ape) O
11. “lg gJan | 8 _3-ThenAB=
[~ 68 48]
(A)_| 40 19/ (B)
[—68 42]
© | 40 21) D)

D 10673-A

Infinitely many solutions.

None of the above.

Infinitely many solutions.

None of the above.

1o
16 6]

=1 0
| 16 -6

Let A be a matrix of order m x n and B be a matrix of order p x q. Then A B is deﬁned if and

m=gq.

n=aq.

[ -68 48
-104 21|

[-68 48
| 40 21

Turn over
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-~ [-5 3] 5 3
@ -2 -1 (B) [—2 -1}'
[-5 3]
(C) 2 -1 (D) None of the above.

Let A be a square matrix.

P : A1 exist for every square matrix A. Q : There are square matrices A whose inverse does not

exist.
(A) Pistrueand Q is false. (B) Pis false and Q.is true.
(C) P and Q are false. (D) P and Q. are true.
The maximum value of the objective function z = 3x.+ 4y, subject to the following constraints
2x+y<4
—x+2y<4
x>0
y=0
(A) €. (B) 12
(C) 18. (D) 24.

What is the solution of the following linear programming problem ?

Minimize Z = 2x + 4y
subject to  x+2y>10
3x+y>10
x>0
y20.

(A) 5. (B) 10.
(C) 15. (D) 20.
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Section A

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

Does the line y = — x + 5 intersect the point (3, —1) ? Why ?
Let g (x) = —4x + k where % is a constant. If g (3) = 5, find the value of k.

Solve the system of equations 3x +y =5, 3x ='6.

N o

Write the augmented matrix for the system of equations 3x +y = 6, 2x + 5y = 15.

3 4] [3 2y]
5. Find values of x, y if 8 117 lx 11/

1°2] -1 5
6. Find the product of matrices : 3 4 X o 3l

7. Graph the linear inequality x < 3y.
Define the term corner point. State the corner point theorem.
Give an example for'a maximization problem in standard form with 2 variables.
10. Sketch the feasible region for the linear programming problem :
Maximize Z'= 2x + 3y subject tox > 0,y > 0.

11. What are the conditions to be satisfied to call a linear programming problem to be in standard

minimum form ?

Turn over
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12. Write the matrix form of the linear programming problem :

Minimize W = 8y, + 16y,

y1+5y229
2y1 +2y2 210
M2 0,y2 20.

subject to

(8 x 3 = 24 marks)

Section B

Answer at least five questions.
Each question carries 5 marks.
All questions can be attended.
Overall Ceiling 25.
13. In recent years, the percentage of the U.S. population age 18 and older who smoke has decreased
at a roughly constant rate, from 24.1% in 1998 to 20.6% in 2008. Find the equation describing this
linear relationship.

14. Solve the system of equations :

3x+10y =115
11x+4y=95

using echelon method.

15. A convenience store sells 23 sodas one sufimer afternoon in 12-, 16-, and 20-oz cups (small, medium,
and large). The total volume of soda sold was 376 oz. Suppose that the prices for a small, medium,
and large soda are $1, $1.25, and $1.40, respectively, and that the total sales were $28.45.
How many of each size did the store sell ?

16. Solve the following system of equations .using the inverse of the coefficient matrix :

‘x+3y-2z=4
2x+7y+32=8
3x+8y+5x=—4.

17. Graph the feasible region for the following system of inequalities and tell if it is bounded or
unbounded : ‘
3x-2y>6
x+y<-5
y<-6
18. Find the maximum value of the objective function z = 3z + 4y, subject to the constraints :

-x+2y<4,x20,y=>0.
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19. Add slack variables to the following linear programming problem and write the initial simplex
tableau:

Maximize Z = 3x; + 2xy + Xg

subject to  2x; + x5 +x3 < 150
2xy +2x9 + 8x3 <200

2x; +3x9 + x3 <320

and x;,x,%3 > 0.

(6'x 5 = 25 marks)
Section C

Answer any one question.
The question carries 11 marks.

20. Assume that the demand of an item A increases as the price decreases. If the weekly demand for
A is g (in dollar $) and the price is p then suppose that they are related by the linear relation
D (p) = 9 - 0.759.

(a) Find the quantity demanded at a price of $ 5.25 per item and at a price of $ 3.75 per item.

(b) It is also noticed that the quantity of itemA supplied decreased as the price decreased.
If price p and supply q are related by the linear function S (p) = 0.75¢, find the quantity
supplied at a price of $ 5.25 per item and at a price of $ 3.00 per item.

(c) Graph both functions D (p) and.S.(p) on the same axes.
21. Solve the problem using simplex method :

subject to 2x; +2xy + x5 <8
%y +4%x9 +3%3'<12
% 20,29 20,23 20.

Ax11= 11 marks)
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Section A

Answer at least eight questions.
Each.question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

Define a proposition.

What is disjunction of two propositions ? Explain usingts truth table.
Show that p A p is a contradiction.

When do we say that two propositions are logically equivalent ?
Define binary operation.
Give example of an abelian ’monoid.
Give example of a cyclic group.
Give example of a semi group:
Define regular graph.
Define a complete bipartite graph.
When do we say that.a graph is connected ?
Define a Hamiltonian graph.
(8 x 3 = 24 marks)
Section B

Answer at least five questions.

Each question carries 5 marks.

All questions can be attended.
Overall Ceiling 25.

Construct truth table for the compound proposition (p — g) A (g — p).

Show that d pvg jcally equivalent.
ow that (pAg) and pvg are logically eq Turn over
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16.

17.

18.

19.

20.

21.

2
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For an associative binary operation on a set S which has identity element, show that inverse if it

exists is unique.
Show that the group (Z,+) is cyclic with generator 1 ?

For a Boolean algebra staté and prove De Morgan’s laws ?

Draw diégrams to represent the complete graph K, and the complete bipartite graph Ky 5.

Draw the diagram of sequence (2, 2, 2, 4, 4, 5, 5).

Section C

Answer any one question.
The question carries 11 marks.

Describe the degree sequence of :

(a) The null graph with n vertices.

(b) The complete graph K .

(¢) An r-regular graph with n vertices.

(d) The complete bipartite graph K, m Where n"<im.
Construct truth tables for :

(a) —|(p—>q)—)—]p.

b go(lbvh).

(5 x5 =25 marks)

(1 x 11 = 11 marks)
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Section A

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

1
1. If g(t)=:t-2)2, find g(27)andg(5)?

1

2. Find the domain and range of f (x) = 3
x S—

€

Yind f(g (x: where f(u)= wl¥Bu+lacdg (x)=2+2

4. Find tie distance between the points P (- 2,5) and Q (4, - 1).

5. Stuie vertic2! line test.

6. What is slope of (a) X-axis ; and (b) Y- axis.

7. Find the‘equation of the line that passes through the points (3, -2)and (1, 6).

3 _
8. Find lim =5,

x—>1 X —

9. Differentiate the polynomial 3 =5x3 — 4x? +12x - 8.

Turn over
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10. Find all critical numbers of the function f (x) =2x% _ 4x2 4+ 3.

11. Find all real numbers x that satisfy the given equation 42x-1 _16.

12. Evaluate log, 32.
(8 x 3=24 marks)
Section B

Answer at least five questions.

Each question carries 5 marks.

All questions can be attended.
Overall Ceiling 25.

13. Find:
2
lim 2x° +3x+1
@ L Ses® bxrg
) %2 -1
(b) lim

x>1x% - 3x+2

14. For tie function 7 ix)=1- 2 0xx<2
= 2x+Lx=2.

evaluate the one sided limits lim £ (x)and lim f(%).
x—2- x> 2+

15. Find the equation of the tangent line to the curve y =+/x at the point where x =4.

. ’ . 2
16. Find the intervals of increase and decrease for the function x* —4x +5.

17. If f(x)= 5" *2% find all values of x such that f (x)=125.
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18. Discuss the continuity of the function f(x)= x+2 on-2<x<3 and on the closed interval
x —

-2<x<38.

19. The Gross Domestic Product (GDP) of a certain country was N ®)= t2 +5t +106 billion dollars ¢
years after 1998 :
(a) At what rate was the GDP changing with respect to time in 2008.
(b) At what percentage rate was the GDP changing with respect to time(in 2008.
(5 x 5 = 25 marks)
Section C
Answer any one question.

The question carries 11 marks.

20. Graph the function f (x)=- x? + x + 2. Include all x andy intercepts.

21. A manufacturer’s total cost consists of a fixed ©verhead of $200 plus production cost of $50 per
unit. Explore the total cost as a function of the number of units produced and draw graph.

(1 x 11 = 11 marks)
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Find the equation of the circle with center (- 2, 8) and radius 4 :
(A) x%+y?+4x-6y-3=0. (B) x2+y2+—_3=0.

(C) x2+y%+x—6y-1=0. (D) x2+y2+—6y—3=0.
Find the center and radius of the.circle (x + 5)2 + (y — 3)2 = 36 .
(A) Center (5, 3) and radius 6. (B) Center (- 5,3) and radius 6.
(C) Center (0,0) and radius 7. (D) Center (- 5,2) and radius 5.
Does the points (-2.5, 3.5) lie inside, outside or on Phe circle x2 + y2 =25/
(A) (=2.5, 3.5) lies outside the circle. (B) (-2.5, 3.5) lies-inside the circle.
(C) (-2.5, 3.5) lies on the circle. (D) None of these.
Find the length of the latus rectum for y2 = 12x :
(A) 3. (B) ~23.
(C) 12. (D) ~—-12.
Find the length of the latus rectum for y%=— 8x :
. (A -8. (B) 8.
© 12. (D) - 12.
Find the axis of the parabola=x? = — 16y :
(A) =x-axis. (B) y-axis.
(C) z-axis. (D) None of this. .

Find the equation of directrix of the parabola y? = 10x :

5
(A) y+§:0- (B) x+-g-:0.

(C) x-5=0. (D) y+5=0.
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8. Find the equation of the parabola that satisfies the following conditions: focus (0, 0),
directrix y = 3.

(A) x*=-12. (B) y?=25x.
(C) x%=25y. (D) y2=12x
. 2 2
9. Find the co-ordinates of she focii of the ellipse = +i'—6— =1.
@ (x 25,0). ® (* J5,0).
(C) (+10,0). (@) (£+10,0).
- 22y
10.  Find the co-ordinates of the vertices of the ellipse —+ 95~ L
(A) (i \/5,0). ' (B) (0,£5).
(C) (£5,0). @)\ (5,0).
22 42
11. Find the co-ordinates of the focii of the ellipse TR 1.
@) (0,£47). B) (£7,0).
(©) (0,+v25). (D) (+425,0).
12. The tangent to.an ellipse and making angles 60° with x-axis is ?
(A) Bx—y+7=0. (B) x+y+3=0.
(C) x-2y=0. D) 2x+y-4=0.

Turn over
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13. The equation of the tangent t0 the parabola with Parametric equations x = 2t2, y =4t at the point

with parameter ¢ = 3 is :
(A) 2y=x+86. B) y=x+6
(C) 3y=x+18. D) y=zx+1s.
14. Identify the curve from the equation 7x2 - 9y2 = 36.
(A) A parabola. (B) An ellipse.
(C) Acycle. (D) A hyperbola.

15. The matrix of the non-degenerate conic x? + 8xy + 16y2 _ y 8y _12-0:
A ' [1 4:’ (3 -4

2 -1 1 0
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Section A

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

1. Find the equation of the tangent at the point with parameter ¢ to the parabola with parametric

equations x =at?, y = 2at where t € R.

2. Let E be a parabola with parametric equations x =¢? y=t,te k. Find focus, vertex axis and

directrix of E.

. : . P.) W A4 B
3. Prove that the equation of the tangent at the point (x;, y;) to an ellipse is 2 2

4. Write the equation of the conic x? — 4xy + 4y —6x - 8y +5=0 in matrix form.

cos® —sinB

5. Show that [ :’ is orthogonal for each real number 4.

sin 0 cos 0

6. Let the Euclidean transformations ¢, and t, of R? be given by :

3 -4
t (X)= Z 53 X+[_;J and
5 5
-4 3]
t (X)=| °, 2“["12].Fmdt2otl.
| 5 5 Tura
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: {13 4
Find the inverse of the affine transformation £ (X)= [1 2] X [‘ 2}.

State fundamental theorem of affine geometry.
Prove that an affine transformation maps straight lines to straight lines.

State Desargue’s theorem.

Find the equation of the line that passes through the point [1, 2, 3] and [2,=1,4].

Find the point of intersection of the lines in RIP? with equations x + 6y -5z=0and x - 2y +z=0.
(8 x 3 = 24 marks)
Section B

Answer at least five questions:

Each question carries-5 marks.

All questions can be attended.
Overall Ceiling 25.

. 2 2
Let PQ be an arbitrary chord of the ellipse with equation x_2 + %2— =1. Let M be the midpoint of
a

PQ. Prove that the following expression is independent of the choice of P and Q : Slope of
OM x Slope of PQ.

State and prove reflection properties of the ellipse.

Prove that the set qf all'affine transformations A(2) forms a group under the operation of composition
of functions.

Determine -.the image of the line y=2x under the affine transformation
(a1 2)
£ X 2
t(X) (2 1) +(_1]7XER .

Determine the affine transformation which maps the points (2,3),(1,6)and (3,-1) to the points

(1,-2),(2,1) and (- 3,5) respectively.
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18. Prove that affine transformayjq,,y maps ellipues to cllipses, pi rabolas to parabolas and hyperbolag
to hyperbolas.

19. Detgrmine the point of Rp? .4, which the line through the points [1, 2, - 3] and [2, -1, 0] meets the
line through the points [1, 0, - 1 and [1,1;1].
(6x65=25 marks)

Section C

Answer any one question.
The question carries 11 marks.

20. Prove that the conic E with equation 3x% - 10xy + 8y* + 14x — 2y + 3= 0 isa hyperbola. Determine
its centre, and its major and minor axes.
21. State and prove Ceva’s theorem.
(1 x 11 =11 marks)
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MTS 5B 08—LINEAR PROGRAMMING
(Multiple Choice Questions for SDE Candidates)

“Any unbounded linear programming problem has an unbounded constraint set” :
(A) The above statement is always TRUE.
(B) The above statement is always FALSE.
(C) The above str;ltement can be TRUE or FALSE.
(D) Insufficient data.

. Alinear programming problem having 6 main constraints and 3 non-negativity constraints. Find
the upper bound for the number of extreme point candidates.

(A) 504. (B) 120.
(C) 20. (D) 84.

. Which of the following is/are non-convex set(s) ?

(i) x-axis, (ii) R% — {(0,0)}, (iii) Unit Circle.
(A) All the above. (B) . “(1),-a11) but not (ii).
(C) (i) and (iii) but not (). (D) Only ().

The variables to the south of the minimum tableau are called :

(A) Basicvariables. (B) Slack variables.

(C) Non-basic variables. (D) Independent variables.
. Apivot entry is :

(A) Always negative. (B) Always positive.

(C) Always zero. (D) Always non-zero.

In non-canonical maximum tableaus :
(A) “Rows corresponding to pivoted unconstrained variables are filed and deleted.
(B) Rows corresponding to pivoted unconstrained variables are filed and never deleted.
(C) Columns corresponding to pivoted unconstrained variables are filed and deleted.

(D) Columns corresponding to pivoted unconstrained variables are filed and never deleted.
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Slack “variables” of 0 (corresponding to equations of constraint) in non-canonical maximum tableaus
always :

(A) Get pivoted up-from east to north.
(B) Get pivoted up-from north to east.
(C) Get pivoted up-from west to south.
(D) Get pivoted up-from south to west.
Unconstrained independent variables in non—caﬁonical maximum tableaus always::
(A) Get pivoted down-from north to east.
(B) Get pivoted down-from south to west.
(C) Get pivoted down-from west to south.
(D) Get pivoted down-from east to north.
“In a minimum basic feasible tableau, the basic solution is a feasible solution” :
(A) FALSE. (B) TRUE.
(C) May be TRUE. (D), “May be FALSE.

Given dual canonical linear programming problem if Maximization problem has optimal solution
then Minimization problem has :

(A) Unbounded solution.

(B) Infeasible solution.

(C) "Unbounded solution or infeasible solution.

(D) Optimal solution.
In L.P.P. unbounded solution means :

(A) Infeasible solution. (B) Degenerate Solution.

(C) “Infinite solution. (D) Unique Solution.
Assignment problem is a special type of transportation problem :

(A) Always true. (B) May be true.

(C) Always false. (D) May be false.

Turn over
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To find initial feasible solution of a transportation problem, the method which starts allocation

from the minimum cost is called
(A) Minimum entry method.
(B) Northwest corner method.
(C) Northeast corner method.
(D) VAM method.

If the number of rows and columns in an assignment problem are not equal then it.is said to be :
(A) Bounded. (B) Infeasible.
(C) TUnbounded. (D) Unbalanced.

If there are n workers and n jobs and each worker assign to only onejob then there would be :
(A) n!solutions. (B) (n-1)! solutions:.

(C) (n+1)! solutions. (D) n solutions.
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Section A

Answer at least eight questions.
Each question carries 3 marks.
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1. Define canonical minimization linear programming problem.

2. Give an example of a bounded polyhedral convex subset in R?.

3. State the canonical minimization linear programming problem represented by the following

tableau :
x 1 2 3
y 4 5 6
-1 7 8 9

4. Define unbounded linear proegramming problem.

Pivot on 5 in the canonical'maximum tableau given below :

xq Xq =1
1 (2 3 =—t
4 5 6 =—1,
7 8 9 =f

6. Writethe simplex algorithm for maximum tableaus.
7. What do you mean by complementary slackness ?

8. State Duality theorem.

Turn over
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Consider the canonical maximization linear programming problem given below ;
Maximize f(x;,%3)=x; subject to

X +xy <1

X —xg 21

x2 - le >1

X1,%X9 >0

state the dual canonical minimization of the linear programming problem.

Distinguish between balanced and unbalanced transportation problem.

Using VAM to obtain a basic feasible solution of the transportation problem given below :

4 5 5
3 2 7
6 3 9
7 5 4
14 11

Explain the minimum entry method for obtaining initial basic feasible solution in transportation
problem.

(8 x 3 = 24 marks)
Section B

Answer atleast five questions.

Each-question carries 5 marks.

All gquestions can be attended.
‘Overall Ceiling 25.

Solve the following linear pregramming problem by geometrical method.
Maximize f(x,y)=-2y~% subject to
2x—y>-1

3y-x<8
x,y20.

Solve the'following canonical linear programming problem using simplex algorithm :

X X -1

-1 1 71 1 =-1
1 -1 3 =—1y
1 2 0 =f




15.

16.

17.
18.

19.

Solve the canonical linear programming problem using simplex algorithm :

X

y

-1

3

-2 1 -3

-2 -2
1 0 0
=t =l g

Solve the non-canonical linear programming problem given below

Maximize f(x,y,z)=2x+y—-2z subject to

x+y+z<1

y+4z=2
x,y,z2=0.

Write the dual simplex algorithm for minimum tableaus.

Solve the transportation problem given below :

M, M, M,
2 1 2
9 4 7
L 2 9

40 50 20

50
70
20

D 10669

Apply Northwest-corner method to obtain. the initial basic feasible solution of the transportation
problem given below :

7 2 4
10 5 9
7 3 5
20 10 30

10
20
30

Section C

Answer any one question.
The question carries 11 marks.

(56 x 5 = 25 marks)

20. Solve the canonical linear programming problem given below using the simplex algorithm.

x y z -1
1 2 1 4
2 1 5 5
3 2 0 6
1 2 3 0

:—tl
:—t2
=-—t3

=f

Turn over
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21. Write the Hungarian algorithm. Using this algorithm solve the following assignment problem :

2

5

3

8

2

4

4

3

(1 x 1= 11 marks)
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MTS 5B 07—NUMERICAL ANALYSIS

(Multiple Choice Questions for SDE Candidates)
The floating-point form of © using five-digit chopping is :

(A) 3.1416. (B) 3.1415.

(C) 3.14159. (D) 0.3141.

_*l

. p -t .
If t is the largest non-negative integer for which T <5x107", then ¢ is called :

(A) Error bound. (B) Five-digit chopping.
(C) Significant digits. (D) None of these.
For x3 — 7x2 + 14x — 6 = 0 on [0, 1], using Bisection method, palies in the interval :
(A) (0.5, 0.75). (B) (0.75,1).
(C) (0.5, 0.625). (D) None.of these.
Find the first approximation of f (x) = x3 + x ~ 1= 0 by Newton’s method :

(A) 0.5. (B) 0.45.

(C) 0.24. (D) 0.75.

. The linear Lagrange interpolating polynomial that passes through the points (2, 4) and (5, 1) is :

(A) —x+6. (B) —x+5.
(C) x-6. (D) x-5.

For f(x) = tan x,'and x, = 0, and x, = 0.6, find interpolation polynomial of degree at most one :

(A)71.031121x + 1. (B) 0.031121x - 1.

(C) 1.031121x. (D) 0.031121x — 1.
The Trapezoidal rule is used for approximation of :

(A) Differentiation. (B) Integration.

(C) Both .(A) and (B). (D) None of the above.
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8. The three-point midpoint formula is used for the approximation of :
(A) Differentiation. (B) Integration.

(C) Both (A) and (B). (D) None of the above.

b h
9. The approximation Ia f(x)dx= 3 [f (x0) + f (%1 )] is the :

(A) Newton’s formula. (B) Simpson’s 1/3rd rule.

(C) Trapezoidal rule. (D) Simpson’s 3/8th rule.

2 -
10. By Trapezoidal rule -[0 (x+1) Ldxis:

(A) 1.333. (B) 1.111.

(C) 1.099. (D) 0.099.
11. By Simpson’s rule Jj e* dxis:

(A) 6.389. (B) 4.164.

(C) 8.389. (D) 6.421.

D 10668-A

12. What is the Lipschitz-constant for the function f (¢, y) = cos (yt) on D = {(¢, ) 0 < ¢ <1,

— o <y< w}?
(A) 0. (B) 1

C) 2. (D) 3.

13. What is'the Lipschitz constant for the function f(¢,y)=tyonD={¢,»)) 0 <t < 1,- 0o <y < w0} ?

(A) 0. (B) 3.

C) 2. (D) 1.

Turn over



14.

15.
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The difference-equation method resulting from replacing T® (¢, y) in Taylor's method of order two

by f ¢ + (h/2), y + (h/2) f (¢, y)) is known as :
(A) Modified Euler method. (B) Milne Thomson method.
(C) Midpoint method. (D) Adams Bashforth method.

Find approximation to the solution at y (0.2) using Runge-Kutta method of order four for the IVP
y=y-t2+1,y(0)=057?

(A) 1.21407. (B) 1.82929.

(C) 0.82929. (D) 0.21407.
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Mathematics i
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(2019 Admissions)

: Two Hours Maximum : 60 Marks

Section A

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

Show that f (x) = x3 + 4x2 — 10 = 0 has a root in [1, 2].
Determine fixed points of the function g (x) = x2—~2:
Write the equation of Lagrange’s interpolating polynomial through (x,, yo) and (x;, y;)

State three point end point formula of differentiation.

2
Using Trapezoidal rule find I > x2 dx.

Show that f (i, y) = t|y| satisfies a Lipschitz condition on the interval D = {(t, y)/1 < t < 2 and
-3 <y <4}

Define a convex set.

For all'x > — 1.and any positive m show that 0 < (1 + x)™ < e™*,

d
When is the initial value problem 71% =f(t.¥), a<t<b, y(a)=awel posed.

What is the degree of accuracy or precision of a quadrature formula ?

Turn over
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11. Write Newton’s Forward difference formula.

12. Set up Newton-Raphson formula for computing /N
(8 x 3 = 24 marks)

Section B

Answer at least five questions.

Each question carries 5 marks.

All questions can be attended.
Overall Ceiling 25.

13. Find aroot of f(x) = x3— 3x — 5 = 0 correct to 3 decimal places using Newton-Raphson method. Start

14. Using Lagrange’s interpolation formula find y (10) if :
x 5 6 9 11
y 12 13 14 16

1'57 Uéing Newton’s forward interpolation formula find the cubic polynomial for the data :
x 0 1 2 3

y : 1 2 1 10

. 21 N 3 :
16. Approximate L 3 dx using Simpsen’s 3 th rule with step value 2 = 0.25

17. Using Second derivative midpoint formula approximate f11 (1.3) if f (x) = 3xe*— cos x with & = 0.1.
Given :
x.: 1.2 1.29 1.30 1.31 1.40
y 11.59006 13.78176 14.04276 14.30741 16.86187

18. Use Euler’s method to find approximate solution for the initial value problem yl=1 +%,

1<t<2,y(1)=2withh =025
19. Use Newton’s Backward difference formula to construct interpolating polynomial of degree 1 if

f (= 0.75) = —07181250, f (- 0.5) = _ 09475000, £ (—.25) =.33493750, £ (0) = 1.10100000.

(5 x 5 = 25 marks)
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Section C

Answer any one question.
The question carries 11 marks.

20. Find by the method of Regula Falsi a root of the equation x3 + x%— 3x — 3 =0 lying between

1 and 2.

14t

1 _
21. Use the Modified Euler method to approximate the solutions to the IVP Y P y,l <t<2,

y (1) =2 with A = 0.5.
(1 x 11 = 11 marks)
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MTS 5B 06—BASIC ANALYSIS
(Multiple Choice Questions for SDE Candidates)

1. Which one of the following statements is true ?

(A) If neN, then there is an injection from N, into N.
(B) If neN, then there doesn’t exist an injection from N , into N.

(C) If neN, then there is a bijection from N into N.

(D) None of the above options.

2. A set Sis denumerable if
(A) There exists an injection from S into N.
(B) There exists a surjection from N onto S.
(C) There exists a bijection from N onto S.

(D) None of the above options.

3. The set A of all real numbers x such that 3x + 2¢<'6 is given by

(A) A={xeR:xs§-}.

(B) A={xeR:x2§}.

(C) A:{xeR:xsg}.

(D) Noneof the above options.

4. The set S={xeR:x2+2x>3} is
(A) S={xeR:x>1}u{xeR:x<—3}.
(B) S={xeR:x>1}u{xeR:x<—2}.

(C) S:{xeR:x>2}u{xeR;x<_3}.

(D) None of the above options.
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5. Which one of the following is not a sequence ?

(A)

(B)

(D)

6. The first five term s of the sequence (xn), where *n

1,2,1,2,...).

(1,3,5,7,...,(2n-1),...).

Gliil_)
2°6’12°18°24° )

(1,2,3,4).

(A) 1,1,1,1, 1.

(D) None of the above options.

1
_;(_nTl_)’ are

th (0 123 ).
7. n'" term of the sequence | Y- R =
n+1
_ B
(A) n (B)
n
— D
© -1 (D)
8. The sequence {\/;l_}
(A) ( Converges to 0. B)
(C) Converges to /2. (D)

Converges to 1.

Diverges.

D 10667-A
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9. The Fibonacci sequence is given by

Aa) (1,2,2,3,5,8,13,21,34,55,...).
(B) (1,1,2,3,5,8,13,21,34,55,...).
©) (1,1,2,4,5,8,13,21,34,55,...).

D) (1,2,3,4,5,8,13,21,34,55,...).

' 111 1
10. If X and Y are the sequences X=(2»4»6,---,2,71,---),Y=(I,—2-,§,---,—’;,m), then
X-Y=
1717 ol
(A) 2’2’ 3 > ’ n ’

(D) None of the above options.

. 2n
11. hm( 5 ]:
n“+1

(A) o, ®B) 1.

e 2 D) 3.
12, lim(sinn) -

(A) 1. ®) 2.

(Cc) 3.

(D) None of the above options.
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13. The sequence S = (sin n)

(A) Isdivergent. (B) Converges to 0.

(C) Converges to 1. (D) None of the above options.
14. The sequence (sin 2411)

(A) Is divergent. (B) Converges to 0.

(C) Converges to 1. (D) None of the above options.

: 1 1

15. (1+5+ . +;)

(A) Is a Cauchy sequence. (B) Not be Cauchy sequence.

(C) Not convergent. (D) None of the above options.

16. Which one of the following is a false statement ?

(A) There are bounded sequences that are not'Cauchy.
(B) ((—1)n) is not a Cauchy sequence.

(C) If(x,)is a Cauchy sequence suchthat x, is an integer for all n €N, then (x,) is ultimately

constant.

(D) If(x,)is a Cauchysequence such that x, is an integer for all n e N, then (x,) is a constant

sequence.

17. Let F c R be such that if X = (x,) is any convergent sequence of elements inF, then lim X belongs

to F, then .
(A) FE.isaclosed set. (B) Fisan open set.
(C) “F is neither closed nor open. (D) Fisboth open and closed.

18. The Cantor set

(A) Has only finite number of points. (B) Has countable number of points.

(C) Is denumerable. (D) Is uncountable.

Turn over



19. If z2=-3-i,then2® =
(A) 8i.
C) -1

20. If z=2+mi, then e? =

(A) —3e2,
(C) 2e3.

(B)
(D)

(B)
(D)

- 8i.

7i.

D 10667-A
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Mathematics
MTS 5B 06—BASIC ANALYSIS
(2019 Admissions)
: Two Hours and a Half Maximum : 80 Marks
Section A

Answer at least ten questions.

Each question carries 3 marks.

All questions can be attended.
Overall Ceiling 30.

Is the union of two disjoint denumerable sets denumerable ?

Ifa,beR with ab = 0, then prove that eithera = 0 or.6 =0.

If g e R is such that 0 < g < ¢ for every ¢ >0, then show that a = 0.

Find all real numbers x satisfying the inequality y2 5 3x + 4.

If0<c <1, then show that 0 <c?2 <c < 1.

Ifx and y e R with x <y prove that there exists an irrational number z such that x <z < y.

State characterization thenremfor intervals.

GEiL )
Test the convergence of B3 )

Show that every convergent sequence is a Cauchy sequence.

Define Supremum of a set and give example of a set which has no Supremum.
What can be said about the complex number z if z = -3 .

Find modulus of the complex number z = — 9i.
Find real and imaginary parts of the complex function f(z)=Z as functions of r and 9.

State nested interval property.
Write the equation of (a) a closed disk of radius p centred atz_;(b) equation of a circle with centre

z, and radius p.
(10 x 3 = 30 marks)

Turn over
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18.

19.
20.

21.
22.

23.

24.

25.

26.
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Section B

Answer at least five questions,

Each question carries 6 marks.

All questions can be attended.
Overall Ceiling 30.

State and prove Cantor’s theorem.

Prove that there does not exist a rational number r such that r2 = 2,

Solve the inequality | 2x-1|<x+1.

Let S be a non-empty set in R , that is bounded above. Prove that Sup (a + S) =,a + Sup S.
State and prove Archimedean property.

Prove that a sequence in R can have atmost one limit.

Find the image of the half plane Re z > 2 under the mapping W'="iZ.

Prove that |2; - 25| > |lz1| - |22,

(5 x 6 = 30 marks)

Section C

Answer any two questions.
Each question carries 10 marks.

(a) State and prove Arithmetic-geometric inequality.
(b) Let a,b,ceR. Then if ab < 0 then show that eithera > 0and b <0ora <0and b > 0.
(c) If1<C, then show that 1'<C< C2,

(a) Prove that every contractive sequence is a Cauchy sequence.

(b) Prove thatif a sequence X of real numbers converges to a real number x, then any subsequence
of X also converge.to x.

(a) The polynomial equation x3— 7x + 2 = @ has a solution between 0 and 1. Use an approximate
contractive sequence to calculate the solution correct to 4 decimal places.

1
(b) Show that lim[n” ] =1

(a) Find an upperbound for

if | z |=2.
z4—5z+1 ' l |

(b) Find the image of the vertjca] strip 2 < ReZ < 3 under the mapping f (Z) = 3Z.

(¢) Find the domain of (Z)=| T -
z P

(2 x 10 = 20 marks)
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MTS 5B 05—THEORY OF EQUATIONS AND ABSTRACT ALGEBRA
(Multiple Choice Questions for SDE Candidates)

1. If H, and H, are two right cosets of subgroup H then :
(A) Hl f\Hz =¢H1 =H2. (B) Hl ('\Hz ;td).

(C) HyuH;=¢. (D) H,#Hyand H; nH, #¢.
2. (i) Every isomorphic image of a cyclic group is cyclic.
(i) Every homomorphic image of cyclic group is cyclic.
(A) Both (i) and (ii) are true. (B) Both (i) and (ii) are false,
(C) () is true only. (D) (i) is true only.

3. E is set of integers under ordinary addition and multiplication, then E is a ring, E is also
a

(A) Commutative ring. (B) Integral.domain.
(C) Both (A) and (B). (D) _None'of these.

4. The set of all rational numbers of the form.3™, 6™ ; m,n are integers :

(A) Forms a group under multiplieation.
(B) Forms a group under addition.
(C) Forms a group under division.

(D) None of the above.
5. A group contains two-€lements a and b such that |a |=4,| b|=2,and a®.b=ba.Then | ab |=

(A) 2. (B) 4.
(C) (6. (D) 8.

6. Let G, be a cyclic group of order n. Which of the following direct product is not cyclic ?
(A) G22 X G31. . (B) G222 X G333'

(C) G17 X Gll' (D) G17 X Gll X G5.
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7. What is the largest order of an element in the group of permutations of 5 objects ?
(A) 5. (B) 6.

(C) 12. (D) 60.

8. The set of all generators of a cyclic group G =<a> of order 8is:

1

(A) {az,a“,aG}' (B) {a,a3,a5,a7}.

©) {04,08}- (D) {a3,a5,a7}.
9. Number of self-inverse elements of D, :

(A) o. B) 2.

(C) 4. (D) 6.

10. Identity element of the group R under addition is :
A) 1. ®) 2.

(C) o. ' D) —~1:

11. {1,i,-i,-1}is
(A) Semigroup. (B) Subgroup.
(C) Cyclic group. (D) Abelian group.

12. Let A, B be non-empty sets,and f: A — B be a permutation. Then

(A) fis bijective and ‘A =B. (B) fisoneone and A # B.

(C) fis bijective and A # B. (D) fisontoand A #B.

13. The numberof elements inAg =

(A) 6. (B) 720.

(C) 360. (D) 28.

14. Let H be a subgroup of a group G and a,be G. Then beoH if and only if :

(A) abeH. (B) ableH.

(C) albeH. (D) None of these.

D 10666-A
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If G be a cyclic group of order 8 with generator x then another generator of G be :
(A) x5 . (B) x4 .
(C) 1S, (D) 42,

Let Ag be the group of even permutations of 6 distinct symbols. Then the number of elements of
order 6 in Agis :

(A) O. (B) 1.
(C) 3. (D) 4.
If G is commutative group then (abd)” =.......cc........ VneZ.
(A) ab. (B) ba.
C) "™, D) o™,

If (x — a)is a factor of f (x) then f (a):
4) a. (B)< 0.

(C) 1. D) a-1.

Sum of the roots of the equation x° — 5% + x + 1 =0 is given by :

(A) 0. (B) 5.

) -1 (D) None of these.
A polynomial equation in‘x of degree n always has :

(A) ndistin¢t roots. (B) nreal roots.

(C) n.imaginary roots. (D) At most one root.
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FIFTH SEMESTER U.G. DEGREE EXAMINATION, NOVEMBER 2021
' (CBCSS—UG)
‘Mathematics
MTS 5B 05—THEORY OF EQUATIONS AND ABSTRACT ALGEBRA
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Time : Two Hours and a Half Maximum : 80 Marks
Section A

Answer at least ten questions.

Each question carries 3 marks.

All questions can be attended.
QOverall Ceiling 30.

1. Show that x° — 3x* + x% — 2x — 3 is divisible by x —3.
2. Factorize into linear factors the polynomial x* —1.

3. Write a cubic equation with roots1, 1 +i,.1 - i.
4. State Identity theorem.

5. How many real roots has.the equation x* —4ax+b=0.

6. Make addition and multiplication tables for Z,.

7. Check whether the relation on R defined by a ~bif a —beQ is an equivalence relation.

1234) [1234
and 1=

431 2 2 3 4 1). Compute o t and t o.

8. Consider the permutations o =[

9. Let G be a group and a, b e G. Show that (ab)_1 =b1g71,

10. Write a subgroup of (Z, +).

Turn over
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15.

16.

17.

18.

19.

20.

21.

22.

23.
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Check whether Z x Z is cyclic.
Find order of the permutation (1, 3) (2, 6)(1,4,5).

Let ®:G, —» Gybe a group homomorphism. Show that @ (e)=e'where ¢ and e are identity

elements of G, and G, respectively.
Define a Ring.
Give example of an integral domain.
(10 x 3 = 30 marks)
Section B

Answer at least five questions.

Each question carries 6 marks.

All questions can be attended.
Overall Ceiling 30:

Solve x® — 3x* + 4x® — 4x + 4 having the root 14+ i.
Solve the cubic equation 2x3 — 2 ~18x +9.=0 whose roots are a, b, c with a +b=0.

Find an upper limit of the positiveroots of the equation 2x5 — Tx* - 5x% +6x% +3x-10=0.
Prove that set of all even permutations of S, is a subgroup of S,.

Define * on 7 by a*b=a-b. Check whether (Z,*) is a group.

Check whether Z,, is cyclic.

Draw the subgroup diagram of 7 4.

Let G, and Gy, be groups and let @: G, - G, be a function such that ® (a b)=® (a) ® () for all
a,beG. Prove that ¢ is 1 - 1if and only if ® (x)=e implies that x = e for all x € Gy.

(5 x 6 = 30 marks)



24.

25.

26.

217.
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Section C

Answer any two questions.
Each question carries 10 marks.

Examine whether x* — 2% — x2 + 19x — 42 = 0 has integral roots or not.

Solve x3 — 6x — 6=0 by Cardan’s method.
Let G be a cyclic group. Show that :

(a) If Gisinfinite then G = Z.

(b) If |G|=n,then G=Z,.

State and prove Lagrange’s theorem.

D 10666

(2 x 10 = 20 marks)
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MAT 5D 19—MATHEMATICS FOR SOCIAL SCIENCES
(Multiple Choice Questions for SDE Candidates)

1. If f(x)=x"+2x+6then f(0)is

(A) 6. (B) 9.
) o. (D) 5.
2. The limit of f(x)=x®+x(x-3)asx - 3is
(A) 3. B) 9.
(C) o. (D) -3.
3. If f(x)=(2x+ 5)5 then f(x)is
5
B (rr5) (B) 5(2x£5)".
(22 +5)° 4
)  ———. (D) "10/2x+5)".
12 N
4. If f(x)=6x" then f"(x) is
5 -
X
(C) 36x. (D) 36.
5. Atx =2 the function f(x) =x + 5 is
(A) Increasing. (B) Decreasing.
(C) “Inflection. (D) Slope =0.
6. The value of log,16 is equivalent to -
(A) 2 (B) O.
C) 4. (D) 8.

D 10236-A



7. Derivative of (x) = e2* s

(A) 6
C) 2.
8. The value of _[663xdx is

(A) 263 4.

(C) 18e3* 4¢.

9. If ,_ %y then P is

(A) 2%,

(C)  2xye™™.

10. Using L’Hospital’s rule-the limit of f(x) =

(A) 0.

© 7

3
(B)  6x2e2* .
2x°
e
D
(D) ox
6
(B) ?’?‘i—c
4x
(D) 6‘; +e
(B) xye™™.
2
(D) 53—yex2y.
x” ~Tx .
x_3+7x as x 50 is
B) 2.
D) 7.

D 10236-A
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MAT 5D 19—MATHEMATICS FOR SOCIAL SCIENCES
Time : Two Hours Maximum : 40 Marks
Section A

Answer all the six questions.
Each question carries 1 mark.

1. Solve: %—5=%+1.

9. Find hni V2xd - 7.
x>

3. Define concavity and convexity.

oz .
4. Find the partial derivative > if z=8x” + 14ay+ 5y”.

Find the marginal cost at Q = 3 if the total cost function TC = 3Q2 +7Q + 12.

Convert the logarithm log,y = 5x into equivalent natural exponential form.
(6 x 1 = 6 marks)
Section B

Answer any five out of seven questions.
Each question carries 2 marks.

2
7. Verify whether the function f(x)= x_4_;c3x3;12 is continuous at x = 4.

8. Use the point-slope formula to derive the equation of the line passing through (3, 11) and
having slope - 4.

9. Find the derivative of 5 = (343 + 8)5 )

10. Solve 7log, x —2.6 =10.

11. Integrate +/3x2 —4 (6x) With respect to x.

Turn over
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13.

14.

15.

16.

17.
18.

19.
20.

21.
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3
Evaluate | (63‘2 + 5) dx.
1

The marginal cost function of a firm is given by MC = 3,000e%3* + 50, when x is quantity
produced. If fixed cost is Rs. 80,000, find the total cost function of the firm.

(5 x 2 = 10 marks)
'Section C

Answer any three out of five questions.
Each question carries 4 marks.

_ ogx dy
Ify= , find ==
y=x dx

Evaluate lg?o Jx (Vx+4_ ‘/—';)

Find the cross partial derivatives z,, and z,, for the function z=10(9x —4y)5.

Find the relative extrema for the function f(x)=-9x2 +126x —45.

The marginal revenus= function of a product is given by MR = 500 — 0.01x and the marginal
cost function is given by MC = 100 + 0.006x."The fixed cost is Rs. 1,50,000. Find the profit
function.

(3 x 4 =12 marks)
Section D

Answer.any two out of three questions.
Each question carries 6 marks.

Use integration by partsto find the indefinite integral [30x+/9 + x dx.
A firm has the demandfunction P = 100 — 0.01Q and total cost function TC = 50Q + 30,000

- where P is the price.and Q is the number of units. How many units are to be manufactured

to maximize the profit.

x

(a) Ewvaluate | X 4.

X
(x +1)?

(b) Find the equation of the line passing through the point (3, 1) and perpendicular to the
line 2x + 7y -5 = 0.

(2 x 6 = 12 marks)
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Section A

Answer all the six questions.
Each question carries 1 mark.

Define discrete data and continuous data with an example.
Find the log to the base 8 of 4096.
Define any two measures of central tendency.
Find the median of the set of numbers 5, 5, 7, 9, 11, 12, 15, and 18.
Find the quadratic mean of the numbers 3, 5, 6, 6, 7,10, and 12.
Define skewness of a distribution.
(6 x 1 = 6 marks)
Section B

Answer-any five out of seven questions.
Each question carries 2 marks.

Solve the logarithmic equation In(x)? - 1 = 0.
Describe two graphicrepresentations of frequency distributions.

Ten measurements of the diamater of a cylinder were recorded by a scientist as 3.88, 4.09, 2.92,
3.97, 4.02, 3.95,4.03, 3.92, 3.98, and 4.06 centimeters (cm). Find the arithmetic mean of the
measurements.

Find the:mean and mode for the set of numbers 3, 5, 2, 6, 5, 9, 5, 2, 8, and 6.
Find the second and third moments of the set of numbers 2, 3, 7, 8, 10.
Find the standard deviation of the set of numbers 9, 3, 8, 8, 9, 8, 9, 18.

Prove that mgy = mj - mj2.
(5 x 2 = 10 marks)

Turn over
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Section C

Answer any three out of five questions.
Each question carries 4 marks.

Solve the logarithmic equation log(6y — 7) + logy = log5.

The smallest of 150 measurements is 5.18 in, and the largest is 7.44 in. Determine a suitable set

of : (a) class intervals ; (b) class boundaries ; and (c) class marks that might be used in forming a
frequency distribution of these measurements.

Four groups of students, consisting of 15, 20, 10, and 18 individuals, reported.mean weights of
162, 148, 153, and 140 pounds (Ib), respectively. Find the mean weight of all'the students.

Prove that the sum of the deviations of X;, X,,..., Xy from their mean X-is'equal to zero.

The bacterial count in a certain culture increased from 1000 to 4000 in 3 days. What was the
average percentage increase per day ?

(8 x 4 = 12 marks)
Section D

Answer any two out of ihree questions.
Each question carries-6 marks.

The final grades in mathematics of 80 students at State University are recorded in the accompanying
table :

68 84 75 82 68 90 62 88 76 93
73 79 &8 73 60 93 71 59 85 75
61 65 75 87 74 62 95 78 63 72
66 78 82 75 94 77 69 74 " 68 60
96 78 89 61 5 95 60 79 83 71
79 62 67 97 78 85 76 65 71 75
65 80 73 57 88 78 62 76 53 74
86 67 73 81 72 63 76 75 85 77
With reference to this table, find :
(a) The highest grade.
(b) The lowest grade.

(¢) The range.



(d)
(e)
(f)
(g)
(h)
(1)
@

3 D 10235
The grades of the five highest-ranking students.

The grades of the five lowest-ranking students.

The grade of the student ranking tenth highest.

The number of students who received grades of 75 or higher.

The number of students who received grades below 85.

The percentage of students who received grades higher than 65 but not higher than 85.
The grades that did not appear at all.

20. Find : (a) the quartiles Q1, Q2, and Q3 and (b) the deciles D1, D2,...,D9 for the wages of the 65
employees at the P&R Company.

Wages Frequency
250.00 - 259.99 8
260.00 - 269.99 10
270.00 - 279.99 16
280.00 - 289.99 14
290.CG0 - 299.99 10
300.00 - 309.99 5
310.09 - 319.99 2
Total = 65
21. Find the moment co-efficient of skewness, a3 for the height distribution of students at XYZ
University :
Height (in) Number-of Students
60 - 62 5
63 - 65 18
66 - 68 42
69 -.71 27
72.- 14 8
Total = 100

(2 x 6 = 12 marks)
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MAT 5B 08—DIFFERENTIAL EQUATIONS
(Multiple Choice Questions for SDE Candidates)

3
The degree of the differential equator (y')é =y"is?
(A) oO. (B) 1.
(C) 2. (D) None of these.

The integral curves of the differential equation y' =1 are ?
(A y=x+ec. B) y=#%+ec

©€) y=x%+ec D) y=x+1.

An integrating factor of the differential equation ¢y’ + 2y = 4¢2 i§?
A) 8. (B) 4

(C) ¢2 (D) None of'these.

d -
. Ahomogeneous differential equation Ey =f (% ) can be converted to a variable separable equator

using a transformation :
(A) y=vux (B) y2=vx.

(C) y=vx2 (D) y=v%.
. . . 2 3 2 41 eY)dy=0is?
- The differential equation |6xy” + 4x y) dx +|6x"y +x" +¢’ Jdy=01s ¢

(A) A separable equation. (B) A linear equation.

(C) An exact equation. (D) A homogeneous linear eduation,

: . : 2 (.2, a2 :
An integrating factor of the differential equation 3 (x2 +Yy ) dx +x (x +3y” + 6ydy = 0) is:

(A) e, (B) e?y.
C) e. (D) e?.

The solution of the differentia] equation y' = y%, y (0)=1 exists in the region :
(A) (0, ). B) (~0).

(8)) (— 0, 1). (D) (— o0, 00).
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1 (0N oM . . . .
If M (-5; - E—) is a function of y only, then an integrating factor of the differential equation

Mdx + Ndy =01is:

A) u(x)=exp“-§—4[%—%]dy]. ®) p(x)=exp[j1—$1—(?£+%)dy}.

(©) u(x)=fﬁ(@—ﬂ)dy. D) p(x)='[i1{—(%—%4—de.

dx .
An integrating factor of the differential equation @ +P (x)=Q (x)is:

(&) Jpdx, (B) - Jpdx

(C) fpidx (D) J(P+Q)dx.

dx .
An integrating factor of the differential equator d_y +Px=Q where P and Q are functions

of y alone is :

(A) lpdy. (B).\ o Jpdy.

(C) o lpdx (D) Jrdy

The initial value problem y'= %, y(0)=0,£>0:

(A) A unique solution. (B) Infinitely many solutions.

(C) No solution. (D) Two solutions.
The general solution 6f the differential equation 3 (x2 + y2’) dx + x (x2 +3y% + Gydy = 0) is:
(A) %3y 3xy%e? =c. (B) 3¢y 3xy% e¥ =c.

(C) x%e¥ +3x%y% ¥ =c. (D) xe” +ye¥ =c.
If y,(x) and y,(x) are two linearly independent solutions of the linear differential equation
a (x)y" +a; (x) ¥ + ag +(x) y =0then:

(A)  y; (x)yz (x)is also a solution. B) ¥ (x)+y, (x) is also a solution.

(C) 31 (x)/y2 (x)is also a solution. D) (x) + y52 (x) is also a solution.

Turn over
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Let y; (x)and y; (x) be two linearly independent solutions of the differential equation a,

(x) Y+ a (x) ¥+ ay (x) y=0 then the Wronskian w (yl, y2) is:

(A) 1
(C) 2.

. . 2 .
The general solution of the differential equation (D -4D + 4) y=01is:

(A)  (cp +cyx)e™.
(C)  cre* cpe 2",

The Laplace transform of e® is :

[

If L{f (t)} =F(s),then L{f(at)} =
(A) %f.(s/a).

(C) F(afs).

The Laplace transform of the delta function is :

(A) g o
) eas/s .

dt =

in ¢
o =%

T
(A) s

(%))

A

(B)
(D)

(B)

(D)

(B)

(D)

(B)

(D)

(B)

(D)

(B)
(D)

(B)

(D)

0.

-1.

(co ~ c1x)e?*.

None of these.

F (s/a).

—as/s
eas/.

T
o

None of these.
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Part A
Answer all questions.
Each question carries 1 mark.
Prove that the product of two odd functions is an even function.

Prove 1,1{1).

2t

5 4 cpe™.

Write down the differential equation whose solution is 'y= c;e

Evaluate WA[e" cosAL, pusindt ]
Compute L {tzeu}.

d
Find the integrating factor of (x —2)(x+1) d—‘z +3y==x.

dy dx
< _x=0,—~—y=0.
Solve the system at x ar y

Find the fundamental Solutions of y" + 25y =¢"Y2,

Find the value of b, in the Fourier sine series expansion .of 2n-periodic {unction
f(x)=-x,x e[-m, n].
Write one dimensional heat equation with all the assumptions involved.

What-do you mean by an exact differential equation ? Give an example.

Find the complementary function corresponding to y" -2y’ + 2y =t¢.
(12 x 1 = 12 marks)

~

Part B

Answer any ten questions.
Each question carries 4 marks.

Convert y”+2y'=0 into a system of first order equations.
Turn over
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Find the Fourier aomine acnor for the 2n penodic function f(x)  x,x¢ | n.xl.

Find the integrating factor for (2x + 3yidx « (2x 3y)dy. 0.

Find the inverse Laplace transform of log((s allts b))
Define umt step functon and find its Laplace transform.
Solve g3 242- 3x . 0.

Wnte the existence and uniqueness theorem for first order differential equations with the
arsumptions involved therein.

Show that the inverse Laplace transform is linear.
State Abel's theorem.

Saolve . % < (3x+2y+ 12

Evaluate L{te‘ cos 2:}.

Find the second order p.d.e. for which y = ¢(x +#at)+ y(x -at) is a solution..

Sulve the system dy x de’r x+
MY X LT = Y, = Y.
e 8y dt a

Solve y' -2y=0 using Laplace transform.

(10 x 4 = 40 marks)
Part C

Answer any six questions.
Each question carries T marks.

tsint, if0<t<n/2

Express the function f() =4 cost, if n/2St<n |5 torms of combination of unit step
0, elsewhere

functions und hence find its Laplace transform.

. 1
Evaluae the Laplace inverso trunsforms of 4 - cot '(s/ajund - - oy

(82 - B84 6)

&\ < ' » D - - 2 g 2 =
Find the solution by the checking the exactness of (.‘J_y" S2xy 4 2)(b. + (6.\'y x“+y )dy 0.

State the conditions for the exigtonce of l.aplace transform of a function f(¢) and prove the
same.
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A ball with mass 0.15 kg. is thrown upward with initial velocity 20 m/s from the roof of a
building 30 m. high. Neglect air resistance (a) Find the maximum height above the ground
that the ball reaches ; (b) Assuming that the ball misses the building on the way down, find
the time that it hits the ground.

Find the Fourier cosine series for the function f(t)= nft x|, ¢ [0,7].
Find the solution of the heat conduction problem :

25u,, =uy,0<x<1,t>0;u(0,2) =0, u(1,2) = 0, > 0; u(x,0) = sin (2nx) — sin (5mx); 0 < x < 1.
State and prove Convolution theorem for Laplace transforms.

- e_s

o or-1(1
Evaluate (i) L 1( )and (ii) get a formula for L(f(¢)) where f (¢)'is a periodic function

of period T.
(6 x 7 = 42 marks)
Part D

Answer any two questions.
Each question carries 13 marks.

(a) Use method of separation of variables'and solve the one-dimensional heat equation
completely. State the assumptions-involved therein explicity.

2
(b) Find the solution of the p.d.e. oyox 2x.

(a) Solve the following differential equation in two ways, one of them must be using Laplace
transform. 4y" -y =¢,y(0)=1, y(1)=0.

(b) Find the Fourier series of f(x)= x%, x €[-2,2] treating it as a periodic function of

period 4.

(a) Apply method of variation of parameters to solve : y"— y =sect.

(b) Solve (2x+y+3)dx+(x-3y+2)dy=0.
(2 x 13 = 26 marks)
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MAT 5B 07—BASIC MATHEMATICAL ANALYSIS
(Multiple Choice Questions for SDE Candidates)

. If A, ={n,n+1,n+2,.. .}, then n:=1An =
(A) 1. B) ¢.

(C) . D) n.

. Consider the function f ()= %,x # 0. Determine the image f (E) where E = {xeR:1<x< 2}.
A [1/4,1] B) [1/2.1]

©) (0,1/4]. (D) [0,1/4]

. If f(x)=2x,and g(x) =3x% -1, then (Fo8)(x) is

(A) 12¢% - 1. (B) 122~ 2.

(C) 6x2-1. (D). 6x2 - 2.

. Which of the following is true ?

@ (oo’ @=g (@) ® (o) @=1"(0m)
© (o' ®egr®m). @ (Fea)Wef (e @)

. Foreach neNlet Ay'={(n+1)k:ke N}. Then, Ay nAgis:
(A) A, ‘ (B) A,
. The function f:R - (-1,1) defined by f(x)=x/ \/;5:1 1s:

(A) A surjection but not injection. (B) An injection but not surjection.

(C)  Neither injection nor surjection. (D) A bijection.
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Which of the following set is not countable ?
Aa) {12, ... , n} (B) The set N of natural numbers.
(C) The set Q of rational numbers. (D) The interval (0,1).
If S = {2, 3, 4} the number of elements in P (S), the power set of S, is :_
(A) 8. ' (B) 6.
(C) 8. D) 9.
Which of the following is not true ?
(A) Ife>bandc>0,thena+c>b+ec.
(B) Ifa>bandc<0,thena+c<bd+c.
(C) Ifa>bandc>0,thenac> be.
(D) Ifa>bandc<0,thenac < be.
If g e Rsuchthat, 0 < q<¢-for every ¢ > Othen, :
(A) a>0. B) a=x0.

(C) a=0. (D) None of these.

Let S={xe]R:x<2}.Then:

(A) Neither sup S nor inf S exist. (B) Both sup S and inf S exist.
(C) Sup S exists butdess than 2. (D) Sup S equal to 2.
If S= {1— (-1) ,ne N}, then :
n
(A)~SUp'S = 2, Inf S = 1/2. (B) SupS=2,InfS=0.
(C) SupS-=1,InfS=1/2. (D) SupS=1,InfS=0.

The binary representation of 3/8 is :
(A) 0.0111111.... - (B) 0.0101000. ...

(C) o. 1011111 e (D) 0.0101111.. ..

Turn over
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14. The rational number represented by 73141414 — s
(A) 17245/990. (B) 7249/990.
(C) 7241/990. (D) 7243/990.

15. The sixth term of the Fibonacci sequence is

(A) 5. (B) s.

(C) 8. (D) 13.

: 3n+2) .
16. Limit of the sequence on+1) s

(A) 3. B) 1/2.

) 2. (D) 3/2.

. 1)

17. The smallest value of K (&) corresponding to = .01 for the sequence o) is

(A) 10. (B) 50.

(C) 100. (D)" 101.

18. Which of the following is false ?
(A) If(x,) is a convergent sequence then (x,zl) is convergent.
(B) If(x,) is a convergent sequence, and x, > 0 for every rn, then (\/Z ) is convergent.
C) 1f (x,%) 1s a convergent sequence then (x,) is convergent.

(D) If(x,)is a convergent sequence then (xi) is convergent.

n
19. The limit of the sequence (1 + 2i) is:

n
(A)-1. B) .
©) e D) Je-
20. The sequence (4,—2,0,1,%%,%,... )

(A) Monotone decreasing. (B) Monotone increasing.

(C) Ultimately Monotone decreasing, (D) Ultimately Monotone increasing.
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Part A

Answer all questions.
Each question carries 1 mark.

Fill in the blanks : Supremum of the set S={1-1/n;neN} is

Determine the set A = {x eR:lx-1l< lxl}.

The set of all real numbers which satisfy the inequality 0<b <e,Ve>0, then b =

Fill in the blanks : The Supremum property of R.states that

State the Trichotomy Property of R.

Give the condition for a subset of R to be an interval of R.

State the general Arithmetic Geometric. mean inequality of real numbers.
Fill in the blanks : The characterization theorem of open sets states that

State the Bernoulli’s inequality.
If a > 0, then |jm (g¥") =

Fill in the blanks : Arg(- 2n) = ————,

Fill in the blanks : The ‘Exponential formof-1-~i=
(12 x 1 = 12 marks)

Part B

Answer any ten questions.
Each question carries 4 marks.

Define Supremum an Infimum of a set. Find them for the set S = {1/ 2™ -1/3";m,ne N}.-

Show that there doesn’t exist a rational number r such that 2 = 3.
If a,b <R, then prove that |la| - [b] <[la - &Il

Prove that a real sequence can have at most one limit.

Turn over
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If x ¢ R then prove that there exists n, e N such that x <n,.

Discuss the convergence of the following sequences X =(x,), defined by (a)

1 n-1
={1+
n ( n+1)

Show directly that a bounded monotonic sequence is a Cauchy sequence.

Define Cauchy sequence. Test whether (1/n) is a Cauchy sequence or not.

Show by an example that intersection of infinitely many open sets in R need not be open.
Discuss the convergence of X =(x,) .define by x, = n, if n odd and x, =1/n, if n even.

Show that every bounded sequence of real numbers has a converging subsequence.

cosn
Test the convergence of the sequence ( - )
Express the complex number (/3 4+ i)7 in exponential form.

1
Find the principal value of (-8i)3.
(10 x 4 = 40 marks)
Part.C

Answer.any six questions.
Each question carries 7 marks.

Prove that the set R of real numbers is uncountable.

State and prove the Ratio) Test for the convergence of real sequence.

Discuss the convergence of the following sequences X =(x,),defined by

n—1 n
(@) x, = (1 , L) and (b) x, = (1;2) .
n+1l

n

X =x, and\Y = ¥, be sequences of real numbers converges to x and y respectively, then
prove that X . Y converges to xy.

() Give an example of a convergent sequence (x,) of positive real numbers with
lim ("n—”) =1,
xn

(b) Give an example of a divergent sequence (x,) of positive real numbers with

lim (f’i’ij =1.
xn
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(c) Give your comments about the property of the sequence (x,) of positive real numbers

with lim [MJ =1.

Xn

If X=(x,) is a real sequence and X, = (%, :7€N) is the m-tail of X ; m €N, then show
that X converges to x if and only if X converges to x.

Let X =(x,) be a bounded sequence of real numbers and x € R has the property that “every

converging subsequence of X =(x,) converges to x”. Prove that X =(x,) converges to x.
Prove or disprove the following statement : |z|| |25 < l(zl)l —|(zz)|, Vz;,29 € C.

Test the convergence of (x,) defined by x,, =1+1/2+1/3+...+1/n.

(6 x 7 =42 marks)
PartD

Answer any two questions.
Each question carries 13 marks.

Show that there exists a positive real number-x such that x2 = 2.

(a) If I, =[a,,b,],neN is a nested sequence of closed and bounded intervals, then prove
that there exist a common point in-every I .

(b) Test the convergence of (x,)defined by x, =1+1/2!+1/3!+ ...+ 1/nl.

(a) Define a closed set and “cluster point” of a set. Give examples for each of them.

(b) Prove that a subset of Ris closed in R if and only if it contains all of its cluster points.

(2 x 13 = 26 marks)
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MAT 5B 06—ABSTRACT ALGEBRA
(Multiple Choice Questions for SDE Candidates)
. Which of the following defines a binary operation on Z* ?
(A) axb=a-b.
(B) ax*b=c,where c is the smallest integer greater than both e and b.
(C) axb=c,wherec is at least 5 more than a + b.
(D) axb =c, where c is the largest integer less than the product of @ and b.
. Under which of the following binary operation, the set of positive integers is elosed ?
(A) baxb=alb. (B) axb=a-b.
(C) axb=ab2 D) ag*b=+Vabd.
The order of the subgroup of Z, generated by the element 3 is*
(A) 3. (B) 4.
(C) 2. (D) 1.
The set {1,2,3,4} is an abelian group under the operation
(A) Addition. (B) Addition modulo 5.
(C) Multiplication modulo 4. (D) Multipliéation modulo 5.
. Which of the following are true.?
1 A group may have more than one identity element.
2 Any two groups‘of three elements are isomorphic.
3 Every group of at most three elements is abelién.
(A) 2 and 3: (B) 1and 2.
(C) 1and 3. (D) AllL

1 All purely imaginary complex numbers under multiplication.

2 All complex numbers with absolute value 1 under multiplication.

(A) Only 1. (B) Both.
(C) Only 2. (D) None of these.

D 10231-A

6. Let G = C* ( non-zero complex numbers). Which of the following are subgroups of G ?
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Which of the following is not true ?

(A) (Z,+)is a proper subgroup off (R,+).

(B) (Q+,.), is a proper subgroup of (R*,.).

(C) (3Z,+) is a proper subgroup of (Z,+).

(D) (Q+,.)is a proper subgroup of (R,+).
The Klein 4- group is isomorphic to

(A) Z,xZ, (B) Zy x Zy.

C) Z,. (D) None of these.

Order of (2, 2) in Z, x Zg is

(A) 2. (B) 6.
) 4. (D) 12.
The center of an abelian group G is :
(A) {e}. (B) G.
(C) A cyclic subgroup. (D). None of these.
If a, b are elements of a group G of order m-then order of ab and ba are :
(A) Same. (B) Equal to m.
(C) Unequal. (D) None of these.
Number of elements in the cyclic subgroup of the group of non-zero complex numbers under
multiplication, generated by, (1+%)/ V2 is:
(A) 4. (B) 8.
(C) 6. (D) None of these.
Which! of the following is not true ?
(A) Every cyqlic group of order > 2 has at least two distinct generators.
(B) Ifevery proper subgroup of G is cyclic, then G itself is cyclic.
(C) Every sub-group of a cyclic group is cyclic.

(D) None of these.

Turn over
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14. The number orbits of the permutation| o9 7 1 4 g g 5/18

(A) 1. (B)
(©) 3. (D)

15. The product (1 3 6) (2 4) of two permutation is :

1 2 3 45 6
A 13 4625 1/ (B)
1 23 4 5 6
16. Order of the permutation (4 5) (23 7)in S, is :
(A) 2. (B)
(C) 5. (D)

17. Which of the following is not true ?

(A) Every cycle is a permutation: (B)

(C) A5 has 120 elements. (D)
18. Index of the subgroup 5Z in (Zy+) is :

(A) 3. (B)

C) 7. (D)
19.

(A) .Giis not abelian.

(B)

(©)

(D) Gisa subgroup of a group of order 30.

20. The index of the subgroup (3) in Z24 :

(A) 3. . (B)

) 2 (D)

1 3 4 65 6
3125 46
1 2 3 4 5.6
2 35 4 61
3.
6.

A3 is a commutative group.

None of these.

5.

Infinite.

Suppose G is:a group of order 29. Then which of the following is true ?

G has no subgroup other than (¢) and G-

There is a group H of order 29 which is not isomorphic to G.

6.

4.



D 10231 (Pages : 3) Name

Reg. No

FIFTH SEMESTER B.A./B.Sc. DEGREE EXAMINATION, NOVEMBER 2021

© ®© NP e w N

= e
N oo

13.
14.

15.
16.
17.

(CUCBCSS-UG)
Mathematics

MAT 5B 06—ABSTRACT ALGEBRA

: Three Hours Maximum : 120 Marks

Part A

Answer all questions.
Each question carries 1 mark.

The smallest non abelian group has ————— number of elements.
The order of the identity element in any group G is

State True or False. “Every abelian group is cyclic”.

State True or False. “Every group of order 31 is cyclic”.

Give an example of non-cyclic group with four elements.

The total number of subgroups of Z,, is —

What are the orbits of the identity permutation ¢ of a set A ?
How many zero divisors are there for the field Z, ?

How many units are there for the field Z, ?

Give an example of integral domain which not a field.

State True or False. Z is a sub-field of Q.

Write the number of generators of the group Z; under addition modulo 5.
(12 x 1 = 12 marks)
Part B

Answer any ten questions.
Each question carries 4 marks.

Show_that left and right cancellation holds in a group G.
Let G be a group and suppose that g *b*c =eVa,b,c € G. Show that b*c*a =e.
Prove that a group G has exactly one idempotent element.

Can the identity element be a generator of a cyclic group ?

Prove that every cyclic group is abelian.

Turn over
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19.
20.

21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

31.

32.

33.
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Consider the group Z;,, under the operation addition modulo 12. Find the order of the
cyclic subgroup generated by 3 e Z;.
Show that the permutation (1, 4, 5, 6) (2, 3, 1, 5) is an even permutation.
What is the order of the cycle (1, 4, 5, 7) in Sg ?

Find the partition of the group Zg, under the operation addition modulo 6, into cosets of
the subgroup H = {0, 3}.

Consider the rings (Z, +, ) and (2Z, +, ) Verify whether the map ¢:Z —2Z" defined by
¢(x) =2xVx € Z is a ring homomorphism or not.

Find the number of generators of the cyclic group of order 8.

Solve the equation x2 —5x+6=0 in Z;,.

Consider the following two binary structures :

(a) Z, the set of integers with ordinary addition ; and

(b) 2Z= {2n|n € Z} the set of even integers with ordinary addition.

Show that the above two binary structures are isomorphic.
Let n be a positive integer. Give an example of a group containing n elements.

(10 x 4 = 40 marks)
Part C

Answer any six questions.
Each question carries 7 marks.

Let * be defined by Q* by a*b= %b-- Show that (Q+, *) is an abelian group.

Let G be a group. For all a,b G, prove that (a * by l=blxqgl.

Prove that a necessary and sufficient condition that a non-empty subset H of a group G is
a subgroupof Gisthat ae H,be H=ab ! ¢ H.

Show that the subgroups of Z under addition are precisely the groups nZ under addition
for nez. '

Show that any permutation of a finite set of at least two elements is a product of
transpositions.

Show that a homomorphism ¢ of a group G is a one-to-one function if and only if Ker ¢ = {e}.

Show that cancellation law holds in a ring R if and only if R has no zero divisors.



34.

35.

36.
37.

38.
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b .
M, denotes the ring of all 2 x 2 matrices of the form [Z d) where a, b, ¢, d are rational

numbers. Is M, a field ? Justify your answer.

Prove that any integral domain D can be enlarged to (or embedded in) a field F such that
every element of F can be expressed as a quotient of two elements of D.

(6 x 7 =42 marks)
Part D

Answer any two questions.
Each question carries 13 marks.

Show that subgroup of a cyclic group is cyclic.

(a) Define the term orbit, cycle and transposition with respect toia, permutation.

1 23 456
(b) Write the permutation (6 5 2 4 3 1) as product of disjoint cycles.
(c) Define even and odd permutation. Write (1, 4, 5, 6) (2, 1, 5) as a product of transpositions.

Show that in the ring Z , the divisors of 0 are precisely those elements that are not relatively
prime to n also show that Z, is a field.

(2 x 18 = 26 marks)
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MAT 5B 05 VECTOR CALCULUS

(Multiple Choice Questions for SDE Candidates)
The length of tﬁe vector a with initial point p : (3, 2, 5) and terminal point (5, 1, 3) is:

(A) 3. (B) 4.
(C) 5. (D) 6.

The straight line through the point (1, 3) in the x, y plane and perpendicular to the‘straight line
x—2y+2=0is:

(A) 3x-y=2. B) x+y=1.
(C) 2x+y=5. (D) 2x-y=5.

The volume of the tetrahedron with co-terminal edges representing the vectors i + j, i — j and
2k is :

N

(B)

w0

(A)

©)

ol w
SES)

(D)

The parametric equations for the line through (- 3, 2, — 3) and (1, - 1, 4) are :
(A) x=1+4t,y=-1-38t,z=4+Tt. (B) x=2+4t,y=-2-3t,z=-4+TL.

(C) x=8+4t,y=8-3t,2=5+7t. (D) x=1-4t,y=-1+3t,z=—4-1TL
The spherical co-ordinate equation for the cone z = ,/xz + y2 is:

A o=II (B) o=TI/4.
(C)_o=Tl/2. (D) None of these.

A particle moves along the curve :
x =32,y = t2— 2t, z = t3 then the acceleration at £ = 1is:

(A) 60+ 2+ 6k. (B) 6i + 3k.

(C) 61+ 6k. (D) 6i+2j+3k.
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7. The unit tangent vector at a point ¢ to the curve r = a cos ti + a sint j :

(A) —sinti—costj. (B) —sin &+ costj.
(C) costi-sinty. (D) —sinti+costj.

8. The domain of the function f (x, y, 2) — xyln (2) :

(A) Entire Space. B) {(x,y,2):xyz 0}
(C) Halfspacez> 0. (D) Halfspacez < 0.
x+yo
9. Which of the following holds for the function f (x, y) = x—y

(A) fis continuous everywhere.

(B) fis continuous nowhere.

(C) f is continuous on {(x, y)e R%:x# y}.

(D) [ iscontinuous on {(x' y) eR? “a= y}.

T
10. If f (x, y) = xsin xy, then the value of % at (3’ _6—) is:

(A) o. B) 1.

(€ -1. (D) 2.

11. Iff(x,y)=e“y”' then ‘g—yf‘ is:

(A) o+, (B) .

"(C)  exty+l, (D) NOT.

D 10230-A
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12. Let w(p,v,8,7,8)=PV+ VEE then the partial derivative Wy is given by :
vg
(C) ra (D) NOT.

13. The derivative of f (x, y) = xe” + cos (xy) at the point (2, 0) in the direction A =3i - 4/ is :

(A) 1. (B) o.

©) -1 (D) 2.

14. The unit normal to the surface x%y + 2xz = 4 at the point (2/— 2,3) is :

2. .

(A) i+j=k (B) §l+2j+5k.
1 1. 2. 2
1. i L

© Ji-J Tk D gi-3/-3

15. The function f(x, y) = xy has a :
(A) "Local maximum.
(B) Local minimum.
(C) Both local maximum and minimum.

(D) No local extreme values.

16. The pointp (x, y, z) closest to the origin on the plane 2x +y —2—-5=01is:
5 -5 5 55 5

55 -5 55 -5
©) (E’E’—G-) (D) (g,g,—:—i—)
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18.

19.

20.
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The plane x + y + z = 1 cuts the cylinder x2 + y2 = 1 in an ellipse. The points on the Ellipse that lies

closest to the origin are :

(A) (1,0, 0)and (0, 0, 1). (B) (0,1, 0) and (0, 0, 1).

(C) (1,0, 0).and (0, 1, 0). (D) (1,0,0)and (0, 1, 1).

Which among the following is the value of J; .[; xy (x - y) dxdy ?

(A) 4. (B)

Wi

8
C) 3 (D)

o |

The volume enclosed by the co-ordinate planes and the portion'of the plane x + y + z = 1 in the first
octant is :

A Y. (B)

© ¥ ™ Y.

i following is the-value of [ [ [V xyzdzdyds ?
Which among the following is the-value o Jl Il/x Io xyzdzdydx

(A) %(26 +log 27). (B) %(27 — log 26).

(C) %(27 +log 26). (D) = (26 -1log 27).

00|
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Part A

Answer all questions.
Each question carries 1 mark.

Find the domain and range of z =+/25-x? - y%.

. 1+x-
Evaluate lim ——>"2
(5, y)-»1-D2—-x+y

Define gradient of a scalar function.
Compute the divergence of f =xyi+ yzJ + xzk.

Define solenoidal vector.
What do you mean by directional derivative.
Write the component test for the differential.M(x, ¥y, z)dx + N(x, y, 2) dy + P(x, y, z) dz to be

exact.

Find du if v = arcsin —.
v

Fill in the blanks : If. £ and g are irrotational vector point functions, then V(—f’xé) =...
State the normal form of Green’s theorem in the plane.
Fill in the blanks : If ; is a constant vector and r=xi+yj+ zl}, then of V(;.E) =....

State_Stoke’s theorem.
(12 x 1 = 12 marks)

’ Part B

Answer any ten questions.
Each question carries 4 marks.
e
Evaluate (x,y) —(0,0) \/;_\/;

Turn over
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Find the vector normal to the surface ¢(x,y,2)=xyz at (1, —1,1).

. oz oz . . .
Find aand 5y— at (m, m, 1) from sin (x + y) + sin(y + z) + sin(x + 2) = 0.
Prove that V(rn) =nr"?r,

Compute the average value of the function f(x,y,z)=xyz over the boundary of the cube
0<x<2,0<y<2,0<z<2,

24
Evaluate { :{ dxdy.

(x +y)?
Leaniarize the function f(x,y,z)=xy+ yz + zxat (1, 1, 1).
Find the directional derivative of f(x,y,z)=xy at (1, 2).

Evaluate | [z (xy)dxdy where R is the positive quadrant of the circle of radius a centred at
the origin.

Find the flow of r=xi+yj+zk along(the portion of the circular helix

x=cost,y=sinf,z=t¢;,0<tn/2.

Test whether £ =(yz)i+(x2)j+ (xy)k ds conservative or not.

Prove that div (curlf = 0).

Verify whether the differential (ex cosy + yZ) dx + (xz -e’siny ) dy (xy +2) dz is exact or aot.

If S is a closed surface enclosing a volume V then prove that jjsm‘ .ndS =0.

(10 x 4 = 40 marks)
Part C

Answer any six question.
Each question carries 7 marks.

o (.2
Using double integrals prove that | e (x ) dx = \/7;/ 2.
0

Evaluate the line integral (j}y dx + xdy where C is the boundary of the square x = 0, x = 1,
¥y=0andy=1.
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37.

38.
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Find the work done by the force field F=3xyi—58j+10xk along the space curve

C:r =(t2 + 1)-l,:+ 2t23+ 3k where 0<t<2m.
Find angle between the surfaces x2 + y% + 22 =9 andz=x%+y? -3 at (2, - 1, 2).

Evaluate the volume bounded by y =x2,x = y? and the planesz =0 and z = 3.

Evaluate the area enclosed by the region cut from the plane x + 2y + 2z =5 by the cylinder

whose walls are x =32 and x =2 - y2.

Find the Local extreme values of f(x,y)=x2 + y% + xy + 3x — 3y + 4.

Evaluate the line integral (I) f-dr where C is the boundary of the triangle with vertices
(0,0, 0),(1,0,0),(1,1,0).

Show that f = ysinzi+xsinzj+ xycoszk is conservative and find its scalar potential.
(6 x 7 =42 marks)
PartD

Answer any two _question.
Each question carries 13 marks.

(a) State Gauss divergence theorem—and use it to evaluate the outward flux of
f = xyi + yzj + xzk through the'surface of the cube cut from the first Octant by the
planesx =y =2z =1.

(0,1,0)

(b) Evaluate | Sinycosxdx +cosysinxdy +dz.
(1,0,0)

Verify Stoke’s Theorem for f :(x2 —y2)2+2xy3 over the rectangular region bounded by
x=0,x=a,y=0,y=a.

Verify the.Tangential form of Green’s theorem in the plane for the vector Field
f=(x=)i+xj over the region bounded by the unit circle x2 + y% =1.

(2 x 13 = 26 marks)



