UNIVERSITY OF THE PUNJAB -

~. RollNo....co.nvennenes
First Semester 2018 Sal
Examination: B.S. 4 Years Programme s
PAPER: Mathematics A-I [Calculus(I)] TIME ALLOWED: 30 mins?\\
Course Code; MATH-101 / MATH 11010 MAX. MARKS: 10 s
M
Attempt this Paper on this Question Sheet only.
OBJECTIVE TYPE
SECTION -1
0.1 MCQs (1 mark each)
f cos®x dx =?
) , , _
(a) —sin’x +¢ (P)x—sin2x+¢ (c)%(x +sin2x)+c¢  (d) none of these
ot
The velocity at t = 1 for the function S(£) = —— s
(@) -3 OF © - @3
lim =7
(iéi) x=0 tanx 7
()0 (b) 1 () 2 (d)
Every differentiable function is
(iv) .
(a) differentiable (b) integrable (c) continuous (d) exponential
The critical point of a function f(x) occurs
v
(a) positive . (b) undefined (¢} zero (d) Both b&c
i If z is a complex number, then Z — z is
¥ (a) real (b) complex {c) zero (d) prime
) 2—-3x
lim g—ox==717
(vii) x-0 33 + 8x3
(a) -:2; : (b) —? (c) glz (d) none of these
c0s30° + i%5in60° is equal to
(vii) 1,01, 1,01,
) 5+ i (b) 7+ 5t (© V2 @0
o ox* =27
lim =7
(9 |*3 x-3
(a) 0 (b) 27 (©) 27 (d) o
(vV3+ i)3 is equal to
)
(a) 3v3 (b) 8i (c) —8i (d) none of these
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SUBJECTIVE TYPE

SECTION -1i
Q.2 SHORT QUESTIONS
() | Evaluate (225)° @
() | Evaluate fol x(1—Vx)? dx. 4
Giiy | If x¥ = e" ¥ prove that 22 = aﬁ%}"—xﬁ (4)
{iv) | Find the area of the region bounded by the curves y = 3~ xZandy = 1 — x. 4
(v) | Solve z*'-3z%+2=0, where z is a complex number. 4)
SECTION -1I11
LONG QUESTIONS
03 Find the equation of tangent and normal lines for the curve at (0, 4) of the function
y=3x3+18x% + 3x + 4. 13)
Q.4 | Find the extreme values and inflection point of the function: f(x) = x*ls x%-4). (6)
s
Q5 | Evaluate the integral: Evaluate fo /2 (2—557?95)9(361—951'11 5 (6)
Q.6 | Solve the integral: f 3x22- ! (6)
{(x+1)(x24+x+1)
Q7 Find the Maclaurin series of the function f(x) = x_ﬁ-z—l (6)

T =
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SECTION I

1. Which of the following is vector ..........c..c.cc.... (1 mark)

{a) volume
{(b) speed
(¢) momentum

(d) energy

2. If 7 =3i—2j +k, 7> =20 — 4 — 3k and 73 = —2 + 2] + 2k, then 7 + 75 + 73 roeerrrcccrnrnens (1 mark)

(a) 41 — 45
(b) 4% — 45 — 4k
(c) 47 — 4k

(d) 47 +4;

3. The magnitude of A x B is the same as the area of a .......c.cco.cceeee. with sides A and B. (1 mark)

(a) square

(b) parallelogram
(¢) parallelepiped
(d) none of these

4. A vector V is called solenoidal if its ....covvvvereennn. is zero. {1 mark)

{(a) gradiemt
(b) divergence
{c} curl

(d) magnitude
(P.T.O.)



5. If A is differentiable vector function and ¢ is differentiable scalar function of position (z,¥, z), then (Vl . (¢,g
_ ‘ mar

(b) Vo . 4
(©) (V¢) . A+ ¢(V . A)
(d) (V4) . A~ ¢(V . A) .

6. states that the moment about a point O of the resultant of a system of concurrent forces is
equal to the sum of the moments of the various forces about the same point O. {1 mark)

(a) (A, #)~theorem
(b) Lamy’s theorem
(c) Varigon’s theorem
(d) none of these

7. The effect of a couple upon a rigid body i8 .....cr..o.......... if it is replaced by any other couple of the same
moment lying in the same plane. (1 mark)

(a) altered
{(b) unaltered
(c) zero

(d) increased

8. The direction of friction is ..................... to the direction in which the body moves. (1 mark)

(a) same

(b) opposite

(c) perpendicular
(d) normal

9. The moment of a force F about the origin O is

€ origin Qi ..................... where  is the position vector relative to O of
any point on the line of action of F

{1 mark)
(a) 7. F
(b) ¥ x F
(c) V .(Fx F)
(d) none of these
10. A sét of particles, subject to workless constraints, is in equilibrium iff zero virtual work is done by the
..................... in any arbitrary infinitesimal displacement consistent with the constraints. (1 mark)

(a) frictional forces
(b) forces of constraints
(c) applied forces

{d) all of the above
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SECTION II-Questions with Short Answers

. Show that the projection of Aon B is equal to . b, where b is a unit vector in the direction of
B. (3 marks)
- Determine a unit vector perpendicular to the plane of 4 = 2i — 63' —3kand B = 4i + 37 ~ k. (3 marks)

. Show that 4 . ‘fT’f = A‘fi—f‘, where A is the magnitude of A. (2 marks)
. I A = a?yi — 2225 + 2yzk, then find curl A. (3 marks)
- Show that the moment of a couple does not depend upon a fixed point. . ' (3 marks)

. Define smooth and rough bodies. | | | (3 marks)
Differentiate mmsswmmy virtual and real displacement. ' (3 marks)
SECTION III-Questions with Brief Answers
. Find the angle between the surfaces o2 +y?+2% =9and z = 2 +3% — 3 at the point {2,-1,2). (5 marks)

. Show that A . (E X 5) is in absolute value equal to the volume of a parallelepiped with sides A, B and
C. (5 marks)
Iff =2-j+k f=1+3]-2, ¥ =-21+)—3kandf,=23i+2j+ 5k, find scalars a,b,c such that
T4 = afy + bry + crs. (5 marks)

If the three forces acting on a particle are in equilibrium, then

(a) The forces must be coplanar. - (2 marks)

(b) The magnitude of each force is proportional to the sine of the angle between the other two. (3 marks)

Forces of magnitude P, 2P, 3P, 4P act respectively along the sides AB, BC, CD, DA of a square ABCD
of side “a” and forces each of magnitude 8/2P act along the diagonal BD, AC. Find the magnitude of the
resulta.nt & the distance of its line of action from A. {5 marks)

Six equal uniform rods AB, BC, CD, DE, EF, FA each of weight “w” are freely jointed to form a regular
hexagon. The rod AB is fixed in horizontal position and the shape of the hexagen is maintained by a light
rod joining € and F. Show that the thrust in this rod is v/3w. (5 marks)
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OBJECTIVE TYPE
SECTION-T
Q.1 MCQs (1 Mark each)
(i) The property, foranyx, yve R > x+ y e R, is called -------
(a) Closure property {b} Associative property
{¢} Commutative property (d) None of these
(i) If &, 8 are roots of 3x? + 5x + 9 = 0 then equation whose rots are ;% is:
i .
@x2+2x+6=0 (B)9x*+5x+3=0 (c)9x? ~5x—3 =0 (d)None of these
NG
If =0, then x =---——-
nox
(a) 3 (b) £1 (c)O ' (d} None of these
1\ o~ 1 1
) If Vx +—= =35, what will be the value of x’ +—
VX .
{(a) 927 (b) 727 (c) 527 {(d) None of these
(v)  Thesumof n terms of an AP is 3n” + 4n. Find the nth term:
(a} Sn+2 {b) 6n+1 (c) 8n+3 (d) None of these
(Vi 1
v if a= Py = o then the sum to infinity of geometric series is
1
(a} 2 (b1 (c) E (d) None of these

(V1) The number of terms in the expansion of (2x + 3}/‘)'0 is:

{(a) 10 (by 11 {c) 12 (dy None of these
(viii) 2

The expansion of (1-3x)? is vatid if

1 . 1 2

a) |x| < - by ixl < - c) ixl< = (d) None of these

c)||3 (b) ix < (e xj<3
(IX)  cos?g+sin®@=

(a) -2 {b) —1 (c)O (d) None of these
(x)  1fcosf < 0 & sin@ > O then the terminal arm of the angle liesin ____quadrant.

{a) Ist (b) Il nd (c) I rd {d) None of these
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(i)

SUBJECTIVE TYPE
- 7 SECTION-l | i
Q2 ' SHORT QUESTIONS
(i) Find the value of |z, + 27,/ =143/ and z, =6 1. (2)
k-2 1 (2)
if =0 then find the value of k.
5 k+12 _
(i) Evaluate -1+4-3 ) ,J”I _‘[_j) 2)
2 L2 )
(iv)  show that the roots of equation 2x°'+ (mx — 1)? =3 are equal if 3m? +4=0. (2)
(v) Find the sum of 13 terms of an A.P. whose middle term 10. 2)
{vi) Find the term involving x* in the expansion of (2x + 3)5 @)
(V) Find the nth term of the H.P. 1 —1—~ ! .. 2)
g'12'15"

o
(viii) Find r when & =-7;— radians, / =14 cm. @)
(ix) Prove it SO g+sing _cotf+1 (2)

cosf-sing cotf—1
(x) Flnd the area of a sector with central angle of 0.5 radian in a circular region whose radiusis (2}
2m.
SECTTON-1II
LONG QUESTIONS
Q3 . (6)
1 2 3
[f possible, find the inverse of the matrix 0 -2 0
-2 -2 2
Q.4 Solve the system of linear equations (6)
2X +y+Z =1, 3x+y—-5z=8, 4x—-y+2=5
Q.5 faand f5 are the roots of 4x?% — 2x + 7 = 0 then find the equation whase roots are 6)
a?, B2.
Q.6 FExpand and simplify (a + f;»)‘1 +(a —b)nI . ©) .

g 5 6

Q Prove the identity cos{a + )+ cosla - =cot . ©)

sin(a + ) —sin{a — ,8)
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OBJECTIVE TYPE
Q.1  Tick (v) the correct answer in the following MCQs
(i) The property a+b6=b+a forall a,be R is called
(a) Closure property (b) Symmetric property
(¢) Commutative property {d) Reflexive property
(ii)  The order of the matrix [2 5 7]is
(a) 3x3 (b} 1x1 (c) 3x1 (d) 1=x3
-1 2
(iii) If | I:O, then x =
X
(a) 3 (b) -3 (c) % (d) None of these
(iv) Rootsof x2 -x-2=0 are
(a) 2,-1 (b) -2 (c) -2,-1 (d) None of these
(v)  Thesum of nterms of an AP is 3n° + 4. Find the nth term:
{a) Sn+2 (b)en+1 {c) 8n+3 {d) None of these
(vi)  Ifthe 6™ term of an A.P. is 12 and the 18™ termis 72 then a, =
{a) sn+15 (b} 5n — 20 {c) 5 — 13 (d) None of these
(vii} The number of terms in the expansion of (ax+8)"° is:
(a) 11 (b) 12 (c) 13 (d) None of these
(viii) The expansion of (I - x)° is valid if
(a) x| <1 (b |x|>1 (c) x>2 (d) None of these
(ix) cos®@+sin?p=
(a) 1 (b) -1 (c) o (d) None of these

(x)  Two trigonometric functions are drawn taking same scale from - to » in the

foliowing graph, it represents

(a) cosx and sec x (b) sinx and csc x
(c) cos x and sinx (d) None of these
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SUBJECTIVE TYPE
SECTION-II
Q.2 SHORT QUESTIONS
[ T '
M Simplify and separate into real and imaginary parts |+ 21 @
(i1) a+b ¢ | (2
Provethat (h+¢ a 1[=0
c+a b |
(iii) Solve + =L x=-12. @)
x-1 x-2
(iv)  Show that the roots of equation 2x2 + (mx -1)* =3 are equal if 3m? +4=0. (2)
(v)  Find the sum of the first 17 terms of the arithmetic series 4+ 9+ 14 + ..., (2)
(vi) Find the term involving x* in the expansion of (2x + 3»)5 . ()
(vii) Find the nth term of the H.P. 1—1-—1~ (2)
912 15
(viii) Find r when &6 :% radians, [ =14 cm. @)
. 7 ,
(%) Prove the identity —— + — =2sec” f. @
[+sin@ [-sing
(x) If the population of a town increases geometrically at the rate of 5% per vear )
and the present population is 20000, what will be the population after 10 years
from now?
SECTION-IIIL
LONG QUESTIONS
Q.3 Solve the system of linear equations (6)
2x-y-z=4, 3dx+dy-2z=]I. 3x=-2y+4z=1I
Q.4 A (6)

Show that a b ¢ :(aﬁb)(b-—c)(c—a).

2 2
a b

Q5 Solve V2x+8+-/x25=7 (6)

Q.6 f1-si (6)
Prove the identity ! S”lﬁ =secld—tand
I+sind

Q.7 Expand and simplify (x+ y)j +(x— }/)5 ©
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SECTION I

1. Which of the following is vector ..........cec.ccenu. (1 mark)

(a) volume
(b) speed
(c) momentum

(d) energy

2. ff =31 ~2j+k, 7 =2—4] —3kand 73 = —i + 2] + 2k, then 7 + 72 + 73 cervrveemererrerions (1 mark)

(a) 41 —4j
(b) 4i — 47 — 4k
(c) 47 — 4k

(d) 4i+ 43

3. The magnitude of A x B is the same as the area of & ........c....cco..... with sides A and B. (1 mark)

(a) square

(b) parallelogram
(c) parallelepiped
(d) none of these

4. A vector V is called solenoidal if itS ...ocoovevevrvennnnn. is zero. ' (1 mark)

{(a) gradient
(b) divergence
(¢) curl

(d) magnitude
(P.T.O



5. If A is differentiable vector function and ¢ is differentiable scalar function of position {(z,y, z), then (Vl . (¢Ak§
_ . _ . _ _ mar

-

(a) ¢V . A

(b) Vo . A

() (V§) . A+ ¢(V . )

(d) (V§) . A—¢(V . A) .

TR states that the moment about a point O of the resultant of a system of concurrent forces is
equal to the sum of the moments of the various forces about the same point 0. (1 mark)

(a) (A, p)—theorem
(b) Lamy’s theorem
(c) Varigon’s theorem
{(d) none of these

7. The effect of a couple upon a rigid body is ..........cc........ if it is replaced by any other couple of the same
moment lying in the same plane. (1 mark)

(a) altered
{b) unaltered
(c) zerc

(d) increased

8. The direction of friction is .................... to the direction in which the body moves. (1 mark)

(a) same
(b) opposite
(c) perpendicular

{d} normal

9. The moment of a force F about the origin O is ... ... where 7 is the position vector relative to O of

auy point on the line of action of F. (1 mark)

(a) 7. F
(b) ¥ x F
(¢) V .(Fx F)

(d) none of these

10. A set of pa,rci.cles, subje.cl: tp workless constraints, is in equilibrium iff zero virtual ivvbrk' is done by the
..................... 10 any arbitrary infinitesimal displacement consistent with the constraintas. (1 mark)

(a) frictional forces
(b) forces of constraints
(c) applied forces

(d) all of the above
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SECTION II-Questions with Short Answers

1. Show that the projection of Aon B is equal to A . b, where b is a unit vector in the direction of
B. (3 marks)
2. Determine a unit vector perpendicular to the plane of A = 2 ~ 65 — 3k and B = 4i + 3] - k. (3 marks)
3. Show that 4 . % = A%, where A is the magnitude of 4. (2 marks) .
4. If A = g2yi - 2xzj + 2yzk, then find curl A, (3 marks)
5. Show that the moment of a couple does not depend upon a fixed point. - ' (3 marks)
6. Define smooth and rough bodies. (3 marks)
7. Differentiate masmmem virtual and real displacement. (3 marks)

10.

11.

12,

13.

SECTION III-Questions with Brief Answers

. Find the angle between the surfaces z2 +-y% + 2% = 9 and 2z = z? +y? — 3 at the point (2,-1,2). (5 marks)

. Show that A . (}§ X é) is in absolute value equal to the volume of a parallelepiped with sides ff, B and

C. (5 marks)
¥ =21-j+k i =i+3j-2k F3=-21+]j—3kand#, =3i+2j+ 5Kk, find scalars a,b,c such that
Ty = afy + bry + crf3. (5 ma.rks)
If the three forces acting on a particle are in equilibrium, then
{a) The forces must be coplanar. : (2 marks)
(b) The magnitude of each force is proportional to the sine of the angle between the other two. {3 marks)

Forces of magnitude P, 2P, 3P, 4P act respectively along the sides AB, BC, CD, DA of a square ABCD
of side “a” and forces each of magnitude 8/2P act along the diagonal BD, AC. Find the magnitude of the
resultant & the distance of its line of action from A. (5 marks)

Six equal uniform rods AB, BC, CD, DE, EF, FA each of weight “w” are freely jointed to form a regular
hexagon. The rod AB is fixed in horizontal position and the shape of the hexagon is maintained by a light
rod joining C and F. Show that the thrust in this rod is v/3w. (5 marks)
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OBJECTIVE TYPE

Tick (\/) the correct answer in the
The property a+b=b+a forali a,b
(a) Closure property

(c) Commutative property

The order of the matrix [2 5§ 7] is

following MCQs
e R iscalled

(b) Symmetric property
(d) Reflexive property

(a) 3x3 (b) 1x1 (c) 3x1

-1 2
If ’: 0,then x =

x |

1

{a)3 (b) -3 (c) 3
Roots of x? - x -2 =0 are
(a) 2,-1 (b) - 2.1 (c) ~2,-1
The sum of n terms of an A.P is 3n° + 4n. Find the nth term:
{a) 5n+2 {b}on+1 {c) 8n+3
i the 6" term of an A.P. is 12 and the 18™ term is 72 then e, =
(a) 5n+15 (b) 5 — 20 () 5% — 18
The number of terms in the expansion of (ax+5)" is:
(a) 11 (b) 12 (c) 13
The expansion of (1 - x)’ is valid if
(a) |x <1 (b) [x|>1 (c) x]>2
cos? A+ sin? 4=
(a1 (b) -1 ()0

Two trigonometric functions are drawn taking same scale from — z to # in the

following graph, it represents

1

o.5

v

(a) cosx and secx
(c) cosx and sinx

(b} sinx and csc x
(d) None of these

(d) 1x3

{d) None of these

(d) None of these

{d) None of these

(d) None of these

(d) None of these

(d) None of these

{(d) None of these
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SUBJECTIVE TYPE
SECTION-II
Q.2 SHORT QUESTIONS
C ) 2
Simplify and separate into real and imaginary parts '+2!_ )
— a4
(i) a+b ¢ | )
Provethat [(b+¢ a 1|=0
c+a b |
(iii) Solve 1 + 2 =1l x2-12. (2)
x+1 x-2
(iv)  Show that the roots of equation 2x? + (mx — 12 =3 areequalif 3m? +4=0. (2)
(v)  Find the sum of the first 17 terms of the arithmetic series 4+ 9 + 14 +.... (2)
(vi) Find the term involving x* in the expansion af (2x + 3)5 . (2)
. ’ 2
(vii) Find the nth term of the H.P. 1—1—l )
91215
2
(viii) Find r when 8 =~;£ radians, / =14 cm. (2)
i 2
(ix) Prove the identity 1_ + I_ =2sec’ 6. @
I+sin@ 1-sinf
(x) If the population of a town increases geometrically at the rate of 5% per year (2)
and the present population is 20000, what will be the population after 10 years '
from now?
SECTION-III
LONG QUESTIONS
Q.3 Solve the system of linear equations (6)
2x—y-z=4, 3Bx+dy-2z=11 3x-2y+dz=1I
Q.4 Lo (6)
Show that a b c|=(a-b)(b-c)(c-a).
a’ b
Q5 Solve V2x+8+vx+5=7 (6)
Q.6 o (6)
Prove the identity l an v =sec@ —tanf
I+sind

Q.7 Expand and simplify (x+y)5 +(x~y)5 ©
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Objective Type
Encircle Correct Answer. (10x1=10)
. Transpose of a column matrix is........ matrix.
a) Zero b) Row " ¢) Diagonal d) Square
 IfAisa symmetric matrix, then A' =
a)y A b) 0 c)—A d) 1Al

What will be the simple interest earned on an amount of Rs. 16,800 in 9 months at the rate of 6.4
% p.a?
a) Rs. 787.50 b) Rs. 812.50 c) Rs 860 d) Rs. 887.50

In linear equation ax+by = ¢' a,b and ¢ are considered as
a) Vartables b) Constants ¢} Zero d) Real Numbers

If every payment is made at the end then annuity is called
a) Perpetuity : b) Annuity due ¢) Ordinary Annuity d) None of these

Qum of n terms in G.P is

a%[2a+Mm-1d b B ) 02 (a+ay) d) ar™
[fa=2,d=3, then nth term of APis

a) 3n-1. b) 2n-2 ¢) 2n-3 d) 3n-3
Evaluate ’OOCIOO

a) 1000 b) 1000 ¢) 100 dy 1

5t term of G.P 3, 6, 12, ... is

a) 15 b) 48 )2 d) 3

Find the value of log, (logs 3).
a) 1.460 b) 0.275 © ¢) 1.273 d) 0.165



UNIVERSITY OF THE PUNJAB

First Semester 2018 : .
Examination: B.S. 4 Years Programm E RO NG eenreeroermesvnsnon E
PAPER: Business Mathematics TIME ALLOWED: 2 hrs. & 30 mins.
Course Code: MATH-112 MAX. MARKS: 50
Attempt this Paper on Separate Answer Sheet provided.
Subjective Type
Q-2 Answer the following short Questions. 20)

- L. Sum of two consecutive integers is 27. Find the integers
. Define Linear equation.

iil.  Write down the formula for annuity due.
iv.  Inhow many ways the letters of the word PHILIPPINE can be arranged?

v, Find the determinaﬁt of [i :4]

vi.  What is meant by common ratio?

vii.  What is symmetric matrix?
viii. ~ What principal will earn Rs. 547 at 10.25% in 8 months?
“ix.  If6is added to a certain number the result is 13. What is the number?
. X.  What is scalar matrix?

Long Questions: (30)
x-5 Xx—4
-3 Sol = 6
Q ove 2x 13 ®)
2 -3 5
Q4 IfA=|K 4 6{isasingular matrix, then find the value of K. (6)
2 0 8

Q-5 Find the accumulated value of Rs.5, 000 invested at the end of each quarter for S years at 8%
compounded quarterly. (6)

Q-6 The 10" term of AP is 20 and 20" term is 40. Find the first term and common difference. (6)

Q-7 Prove that l6(:11 + 16C10 = ”C“ (6)
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SECTION -1
0.1 MCQs (1 mark each)
J sin’x dx =7
(i) ta) —cos’x+c (b) x—sin2x+c
(c) %x—%sin2x+c (d) %(x—sian)+c
If f(x)=cosx,then f'(x)=?
(i)
(a) —sinx (b) -1 (c) 1 (d)0
If f(x) has a point of inflexion at “c”, then
(iii)
(@ f"(x) >0 (b) f"(x) <0 (© f"(x)=0 d) flc)=0
Every piece-wise continuous function is
(iv)
(a) linear - (b) Integrabie . (¢) differentiable (d) exponential
A local maximum point of a function f is always occurring where f' is
(v)
(a) positive . (b) negative (¢) zero (d) undefined
Domain of v2x + 4 is
i
(a) x < -2 (@ax<0 @x<2 (a)x=-2
. 2-3x
11_1'1; ﬁ =7
(Vii) x 3 + Bx
(@) Ok © = (d) none of these
For what value of x, the inequality —2x + 4 > 15x + 10 is satisfied
(viii)
(a)2 (b) 1 ©0 (d) none of these
x?—4
lim =7
(g |+2x-1
(a)0 (b) 1 (©2 )4
Maclaurin series is centered at
(x
) (a)3 (b) x ©0 (d) None of these
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SECTION -1I
Q.2 SHORT QUESTIONS
(i) |Showthat lim™"2 = g, (4)
n—=0 n
Iff(x) = vx, g(x) =2 +$ , find the following functions and their domains:
@ ) 4)
(i fog (i) gof
lim cosecx —cot x
i) | evaluate ¥=0 x )
W | amamn e =7 “
) Find the absolute maximum and minimum values of g(t) = 8t — t* on [-2,1]. @
SECTION - lll
LONG QUESTIONS
Q.3 Find the equation of tangent and normal to the given curve at the points (a, —2a) of the 6)
function: y? = 4ax.
Q.4 | Find the first four terms of the Taylor series of the function f(x) =Vvx +1 at a=0. {6)
Q.5 | Sketch the graph of the function r = 3 + 4 cos 8. 6)
Q.6 | State and prove Rolle’s theorem. (6)
i
Q.7 | Eind the derivative of the function f(x) = arctan (—xf—"-'-l——) ©)
;'« l-xcosa




UNIVERSITY OF THE PUNJAB™. RolINO. vveveveearenne

~
~

First Semester 2018 .. .
=t Examination: B.S. 4 Years Programme .

PAPER: Applied Mathematics TIME ALLOWED: 30 mins: .

Course Code: MATH-122 MAX. MARKS: 10 .
—_——— e

Attempt this Paper on this Question Sheet only.

PART I (OBJECTIVE TYPE)
Q-1. Choose the correct answer. Cutting or over writing is not allowed.

1. The numnber 9 0.05950 x 103 has — — — significant digits
(a) 3 (b) 4 (o) 5 (d) 6

2. Order of convergence of Secant method is
(a) 1 (b) 4.618 () 2 (@9

3. Jacobt method is a — — — method
(a) Non-iteration (b) iteration (c) infinite (d) algebraic

4. If f(y) is a real continuous function in [%0, z1], and flzo)f(z1) < 0,
then for f(y) = 0, there is (are) — — — in the domain [z, 1]
(a) oneroot (b) an undeterminable number of roots  (¢) no root  (d)
at least one root

5. If =6 is a root of f(z) = 0, then the factor of f(z)is — — —.
(a) z+6 (b) 6 (¢) z-6 (d) =

6. The value of C for the density function f(z)=Cz,0<z<2is
L3 5 1
= (b) - = N
@) 5 (®) 2 (0 5 () None
7. Bag contains 20 white and 40 read balls, one ball is drawn at random.
What is the probability that ball is read

(a) 1(b) % (c) 1(d) Non of these

8. Mean of a biﬁlgmial distribution is
(a} np (b) " (c) np(l—q) (d) np(1-p)

9. There are 80 persons and we have to make a committee of 10 persons,
then we have

| ! -
(a) 80.’(8%0110!) (b) 10!(5%0410!) (c) 80!(8100;10!) (d) None

10. The convergence of which of the following method is sensitive to start-
ing value?
(a) False position (b) Gauss seidal method (¢) Newton-Raphson method
(d) All of these
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Part IT Marks= 20

1. If A and B are events of sample space S, then prove that
P(AUB)=P(A)+ P(B) - P(ANDB). (2)

2. Prove that mean, median and mode are equal in normal distribution
function. (3)

3. 400 passengers have made a reservation for an airplane flight. If the
probability that a passenger will not show up is 0.02. Find the proba-

| bility that exactly 4 will not show up. (2)
; 4. Find the value of C in the following p.d.f of a continuous r.v*y”:
. 03'!/ 3+. H OS SBw
fyy =SB VB, 0 <y (3
0, elsewhere.

9. Find the root of the function up to three decimal places by applying
Newton-Rapson method f(z)= 23 — 42 + 1, taking an initial value
x=1.5. (3)

6. Evaluate f2 e using Simpson Rule, for n = 6. (3)

o 1+z+x?

7. If 57=10.0, 5;=485,578.8, Y_(X — X)=159.45, S°(Y — ¥)=7, 767, 660
and 3 (X ~X)(Y —Y)=28, 768.4, then find Cov(z, y} and ryy. (2)

8. State the fundamental laws of probability. (2)

Part III Marks= 30
1.

2.

(a) Solve the following system of equations by using Gauss-Seidel it-

erative method up to five iterations (6)
9zy + 2z9 + 423 = 20
Z1+ 10z9 + 423 = 6
2z — 4z + 10z3 = —15

(b) For any two events A and 3, prove that P(ANB)=P(A).P(B).
(a) Find the root of the function correct up to three decimal places by
applying the Secant method f(z)=22—1, take z,=1.

(b) Write the algorithm for the Bisection method for solving a non
linear equation. (4)

3. Define correlation and correlation coeflicient. Prove that correlation
coefficient is independent of origin and scale. (10)
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SECTION -1
0.1 MCQs (1 mark each)
[f f(x) has a local extremum at “c”, then
)
@) f'(x) > 0 ®FO<0  @fE =0 (d) none of these
: If f(x)=cosx,then f'(z)=?
i (i)
f (a) —sinx (b) -1 ()1 d)o0
If f(x) has a tocal maximum at “c”, then
(iii)
@ f"(x) >0 (b) f"(x) < @ ©f"x)=0 @@ flc)=0
Every polynomial function is
(iv)
(a) nonlinear (b) trigonometric (c) differentiable (d) exponential
If slope of f(x) is decreasing at “c”, then
V)
@f x>0 (b) f[(x) <0 ©f'(x)=0 (d) none of these
A Saddle point of a function f is always occurring where f is
(vi)
(a) positive {(b) negative (c) zero (d) undefined
; . 2-3x
! lim ;—=—— =7
i iy | V3 + 8x3
E OF ©= (d) none of these
For what value of x, the inequality —2x + 4 > 5x + 10 is satisfied
(viii)
(a)2 b 1 ©0 (d) none of these
x?—4
lim =7
(B9 |*2x-2
(a)0 (by1 (©)2 d)4
First order Differential equation has almost independent solutions
x)
(2)0 (a) 1 (a) 2 (a)3
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SUBJECTIVE TYPE
SECTION - 11
Q.2 SHORT QUESTIONS
. . tanx—sinx
(i) !Evaluate JIrl_r}(]} R o 4)
(ii) |Evaluate [ x2sin(x®) dx. (4)
(iif) | Find the slope of the circle x* + y? = 25 at the point (3,4). (4
2
(iv) | Find domain and range of the function f(x) = 2 + —. 4
x%+4 ,
. i
(v) | Find the derivative of y = :3+i. (4)
SECTION - 111
LONG QUESTIONS
Q.3 | Find the particular solution of Lixy=x y0)=1 (6)
04 Discuss the points of continuity and differentiability of the function flx) ={x]at )
Tolx=0.
A particle is moving along a horizontal coordinate line (positive to the right) with
Q.5 | position function s(t) = 2¢3 — 14¢% +22¢ —5, t > 0. (6)
Find the velocity and acceleration and describe the motion of the particle.
. d%y
Q.6 | Find Tz if 2x* —3y? =8. (6)
Q7 | [xV2x+1dx =? (6
. ~
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Q.2 Short Questions 10 x 2= 20

G.

. Find centre and radius of the sphere 2> + y* + 2% — 6z + 42 = 0.
. Find the points of relative extreme of the curve y = 22% — 1522 + 36z + 10.

. Find equation of the plaue through the origin and perpendicular to the straight line

r=2+ty=2—-3tz= -2+ 2t

2

2 2
. Find the traces of the surface g‘g + 4 W Z—g = —1 in zz— plane and yz— plane.

. Determine whether the lines, give b(‘low, intersect or not

L a:_——32 — yIl _ 313 and M: & da — ygl _ z};Q

Find equation of the sphere with center at (4,1, —6) and tangeut to the plane 2v — 3y +
2z — 10 = Oplanec.

. Find oblique asymptote of the curve 72y + zy? + 2y + > + 3z = 0.

. Find the radius of curvature on any point on the curve x = a(cost + tsint), y =

a(sint — tcost).

. Determine whether the origin is a node, a cusp or an isolated point for the curve z* +

vt — 22 + 3% =0

Write equation of the surface of revolution obtained by revolving the curve w2 + 2y = 8,
z = (, about the y-axis.

Q.3

_Subjective Questions 6x5=30

. Prove that radius of curvature for the ellipse #2272 — 029% — 021? = 0 is "’,—ﬂ’ where

denotes the length of the perpendicular from the center of the cllipse to the tangent at
any point on the ellipse.
Find the measure of angle of intersection of the given curves » = af(1 4 4) and r = TP

Find the envelop of the family of lines bz + ay ~ ab = 0 where the parameters a and b
are connected by the relation a + b = ¢.

Find the arca of the region bounded by the loop of curve (a4 7)1y — 22(a — 2) = (.

. Find an cquation of plane passing through the line of intersection of the planes 2z —~y +

2z =0and x + 2y — 2z — 3 = 0 and at a unit distance from the origin.

. Find an equation of the sphere passing through the points (0,0,0),(0,1, —1), (-1,2,0)

and (1,2, 3)
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Q. # 1: Encircle the correct answer (10x1=10)

10.

. Let the curve in polar form be given by r = —5c¢scd. Then the angle ¢ is given by

@¢ (®o-7 ()6+m/2  (d)20

. The equation Azy — 5z + 3y -+ 2 = 0 represents two straight lines if A =

@yl (112 (152 (d) 13

At for a ewrve, [ (a,y) = [ (=2 y), then the curve is symunetric about

(a) x-axis (b) the line T =y (¢) y-axis (d) both x and y axes

The curve 9¢y? = 14z is symmetric about
(a) line x—axis (b) line ¢ =y (¢) line y-axis (d) both x and y axes

. The locus of conters of curvatures for a given curve is called its

(a} fvolute (L) envelope (c) diamcter (d) evolute

Let the curve be defined as 2%y — (z — 2)?, then its horizontal asymptote is
Y

(@)z=-1 (b)z=1 ()y=1 (d)y=—1

. The singular point (0,0) on the plane curve y?(a® — %) — 22(b ~ z)? is

(a} node (b) cusp (¢) critical point (d) none of these

- A point through which there pass two branches of a curve is called

(a}) simple point (b) ordinary point (c) double point {(d) corner point
2 2 2
A surface defined by an equation of the form i—z + 1{)7 - f—_ == — 1 is called
(a) cllipsoid (b) hyperboloid of one sheet, {c) hyperboloid of two sheets {(d)
paraboloi

Equation of plane passing passing through origin and perpendicular to n = 1,2, 3] is
(a) 4z —6y+2:=0 (b)2x+4y+62z= (¢)2x—3y+z=1 (d)z-3y+z-2=0
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Q.#1: Encircle the correct answer (10x1=10)

) Sl 4 s the branch of dynan’ucs whiich estabhshe.s the relation. between the apphed force% and the

resulting motion. (I'mark)

(a} Kinemstics
(b). Kinetics
(¢} Mechanics

{(d) Physics

2..The components of acceleration along x-axis and y-axis are . ...c..c..o.ion... , Tespectively. "¢ {1 mark)

(a) 9% and & rh

(h). %}- anl &4 d A

(c) d%x and d’y

{d) none of the above

3. The  number- of oscillations which the ~ particle. completes in a ‘unit of - time:is known" :as
(1 mark)

(a) amplitude
(b} frequency
{¢) .time period
(d) energ;
4. The amount of wcnk done by a force in moying the partlcle from 4 to Pg along the path of the particle is
called .......... e : : : - (1 mark)
(a) energy
{(b) force
(c) torque
{d) powe:r
5. The ... of a rigid body is defined as a point through which the hne of action of the weight. of
body always passes, whatever be the position of the hody. ' o ' T {1 mark)
(a) circular point
(b) circumberence
{c) center of gravity
(P.T.0.)

{d) none of the abové



6.~ The velocity of a particle which starts from-O at t = 0 such that its position at-that: time is given by
F=al? i+4dat jis . S : o g B - o (L mark)

(a) 2at i+ daj
(b) 2at? 7+ 4dat ;
{c¢) 2at t - dat j

(d) ati+4a ]

7..The rectilinear motion is the motion of a particle along ... R S (1 mark)

{a) circular arc
(b) parabola
(c) straight line

{d) none of the above

8. Tle first equation of motion thas gives tha velocity at any sime “t7 s given by i (1 mark)

(a) v=1-+dt
(b) z=ut+ %atz

2

(c) v? —u? = 2ux

() none of the above

9. The normal component of acceleration can be defined as ... _ ' (1 mark)
{a) zero
by v
(c) v?
{d) none of the-above

10. The area under the ciowve of a velocity-time graph gives ‘the ... . traveled by the part-i—
cle. : ' : . (1 mark)

(a} distance
(b) velocity

{¢) acceleraticn

(d) time period
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Q.2 Questions with Short Answers
i State principle of angular momenturn. _ : {2 marks)
ii. State I{epler’s first law of planetary motion. (2 marks)

A uniform rod ADB is. 4 ft long and weiglu 6 10 and weights are attached to it as foliows: 1 [0 at A, 216 at
Lft from A and 3 b at 2ft from A, 4 Ib at 3ft from A and 5 (b at B Find the distance from A of the center
of gravity of the syster. , : (4 marks)

iv. A particle projected vertically upwards at t = 0 with velocity w, pas.seb a point at a height 2 at ¢ = ¢ and
t = tq, show that t1-+ fp = 2u/fg & {160 = 2Nhfg. : : . (4 marks)

v. Show that the transverse component of acceleration of a moving particle varies as the radial component of
its velocity if its angular velocity about the fixed origin is constant. {4 marks)

vi. From a semi-choular lanine of radius 2 «, a circular lamina of radius a is removed. Prove that the center of

mass of the remainder is at a distance: 1{’” a from the diameter: B " (4 marks)

Questions with Brief Answers

Q#3: A particle is moving along the parahola 22 = 4ay with constant speed “”. Determine the tangential and
tlie normal componernts of 1ts acceleration winen it reaches the point w hObL’ abscissa is Vba. {6 marks)

Q#4- Two particles travel along a straight line. Both'start at the same time and are accelerated uniformly at
: different rates. The motion 18 such that when the particle attains the maximumn veloeity V', its mmotion is
retarded uniformly. The two particles come to rest snnultaneously at a digtance “z” {rom the starting point.
If the acceleratior. of the first is “” and that of 27 is §u,. Find the distance hatween the poinis where the

two particles attain their maximium velocities. , (6 niarks)
Q#5:  State and prove Kepler’s third law of planetary motion. P (6 marks)
Q#G'. Find the centroid of the arc of the curve z%/3 + y2/3 = /3 lying in the first octant. - (6 marks)

Q#7: A particle describas simple harmonic motion with frequency N7, If the greatest velocity is 07, find the am-
: plitude and miaximuam value of the acceteration of the particle. Also, show thab the velocity “v” at a distance
“” from the centor of motion is given by v = 2rN+/a? — 2%, where “a” is the amplitude. (6 marks)

"
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Q1. Encircle the correct answer (1x10=10)

L. The statement formp V ~pis................
a) Tautology b. contradiction C. negation d. All of these

[

If A= {a,b,c,d}, then the number of elements in P (A)=.....
S a 2¢ b. 2° c. 2° d. 2’

3. Consider the relation R={(1,1),(1,2),(1,4),(2,1).(2,2),(3,3),(4,4)} on set A={1,2,3,4}

1S
a. Symmetric b. Reflexive ¢. Transitive d. All of these

4. The inverse of conditional statement If today is Friday, then 2 + 3 = 5 is

a. Iftoday is not Friday, then 2 + 3 # 5.
b. Iftoday is Friday, then2 + 3 # 5.
c. [ftoday is not Friday, then 2 + 3 = 5.
d. Iftoday is not Friday, then 2 +3 < 5.
5. 1,10, 107,107, 10, 10°,...is
a. Arithimetic series b. Geometric series c. Arithmetic sequence
d. Geometric sequence
6. The total number of one-to-one functions, from a set with two elements 1o a set with
two clementsis..........
a. Zero b. 2 c.9 d. None of these
7. The order pairs which are not present in a relation, must be present in
a. Inverse of that relation  b. Composition of relation ~ ¢. Complementary relation of
that relation d. None of these
8. The negation of the implication “If Ali lives in Pakistan then he lives in Lahore.” is
a. Al lives in Pakistan and he does not live in Lahore.
b. Tf Ali does not live in Pakistan then he does not live in Lahore
- ¢. Alidoes not live in Pakistan and he does not live in Lahore.

d. None of the above

9. A collection of rules indicating how to form new set objects from those already
known to be in the set is called
a. Base b. Restriction c. Recursion d. Fallacy

0. Bill Gates is an American
He is very rich
“He is very rich” is a statement with truth-value
a. Ture b. False ¢. None of these
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Q2. Solve the following short questions (2x10=20)
1. Show that ~(p—q) — p is a tautology without using truth tables.
2. Forany two sets A and B prove that A - (A-B)=A N B
3. What is a statement?
4. Provethatif A& BandB € C,thenA & C.
5. Let R be the relation on the set of integers Z defined as:

foralla,b €Z,(a,b) €R & a>b. Is R irreflexive?
Find four binary relations from X = {a,b}to Y = {u,v}that are not functions.

Find the number of ways that a party of seven persons can arrange themselves in a row of
seven chairs.

8. Find the sum of first n natural numbers.

9. Define recursion.

10. Find the first three terms of the following recursively defined sequence.
bi=3
bk= b1+ k, for all integersk 2 2.

~ o

Q3. Solve the following Long Questions. (5x6=30)

l. How many integers from 1 through 1000 are neither multiples of 3 nor multiples of 57

[RS]

Which term of the geometric sequence is 1/8 if the first term is 4 and common ratio V.
3. Find the sum of all two digit positive integers which are neither divisible by 5 nor by 2.

4. Let“D” be the “divides” relation on Z defined as:

forallm,n €Z, m Dn® min . Determine whether D is reflexive, symmetric or transitive,
lustify your answer.

2. Show by matheimatical induction [+ nx < (1+ x)” for all real numbers x> - | and integers n > 2

6. Suppose /1 X—Y and g: Y—Z and both of these are one-to-one and onto. Prove that (gof)”
exists and that (gof)™' = f ‘og™".
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Q.2 Answer the following short questions. (10x2=20) '

i. Ifsec® =2 and the terminal side of the angle is not in the 1" quadrant, then find the
remaining trigonometric values.

ii.  If the matrix [{5 é] is singular, find the value of k?

iii.  The roots of x* + kx + 9 = 0 are equal. Find k?

wv.  Find the nth term of the sequence 5,x,2x — 5, ...

. .3 1
v.  Solve the equation E(Zx +1)= 5
. 1 Y . . . .
vi.  Express 5 ¢os 0+ - sin 0 as single trigonometric ratio.
o e 3-20
vii.  Simplify —.
PHLY 1350
vill.  Write iwo consecutive integers whose sum is 41.

ix. Solve 2x*+7x+5=0.
X.  How many terms of an AP: 7+ 5+ 3 +.. | are required to make a sum of -8257

Answer the long questions.

.. . 3. : 2 \12
Q.3 I'ind the coefficient of x* in the expansion of (x - 3~—2-) ) [6]
Q.4 Find the values of x and y, if [6]
IPROET P PR
1 y+5] 212
Q.5 Solve the equation ' —x's—6 =0. [6]
Q.6 Find the cube roots of 8. (6]
Q.7  Solve the system of equations by Cramer’s rule (6]
2x+y+z=1,

3x+y—5z =8,

dx —y+2z=05.
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Q.1 Tick on the correct option. (10"1.:'10)
i) What is the value of a, if 5 i1s the A.M. between a and 7.

Q) 0 b) 1 02 d) 3

ii) Which of the following is an irrational number?

a) Va4 b) 9 ¢y Vi1 d) Vié

iii)  The polar form of complex number V3-—iis

a) 2¢is (%) b) Zcis (— g) c) cis (g) d) cis (— %)
g iv) = % =

I b Q) 2 d)>

V) Find the 36% of Rs. 145000
a) 52000 by 52100 c) 52200 d) 52300

vi) (1 —cosx)(1+cosx) =

1 1

b)

sin?x cos?x

¢) — d)

cscZx

secx
vii) Ifa, —a,.; =8anda, =7,thenaz =
a) 14 by 17 c) 20 d) 23

viii)  For what value of k, the equation kx* + 2x + 81 = 0 has a perfect square.

SR b - ¢) = d) —

ix) The order of the matrix [é g 4] 18

a) 3x?2 by 2x3 ¢) 3x1 d)1x3
X) cos 45%5_0 -

a)  VZ2-—1 by VvZ+1 c) V2 d) %
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Question no: 1 (10x1=10)

Attempt all MCQs and chose the best answer,

. ifnis any positive integer then 1+3+5+...+(2n-1) = .

ntl

2n+1

0w >

n?

[

The series obtained by adding the term of arithmetic sequences is cailed

harmonic series
geometiic series

arithmetic serics

o0 W

infinite series

¢

The A.M between 1-x+x* and [+x+x2 is

2-x?
2+ x2

1-x2

v eowe

1+x?

~

The 5th term of the G.P 3,6,12,... is

15
48
2
3

© o w»

hd

The 1ifth term of the sequence a" = 2n+3 is

-13
-7
7
13

o0 w s

P.T.0.)



~

o

oo w >

ey

S 0w >

v awm e

0w >

Caw >

If A and H are arithmetic and harmonic mean between 2 and 3,then A +H =

49/20
49/10
49/5
32/4

2,4,6,8,10,12,.. is

G.p
AP
Geomeltric series

arithmetic series

No terms of a Harmonic sequénce can be
|

2
3
0
[fn is the total number of harmonic mean between a and b then mth harmonic mean between a2 and b is
{n+1)ab/(n+1)+n(a-b)

(n+Dab/{n+1)b+nxa-b)
(n+1)b+m(a-h)

(n+1)ba

. The second term of the sequence with general term n? - 4/2 is

o~
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Question no: 2
Attempt all short questions. (2 X 10=20)
I. Solve the given question to find out point of inflection:
x=(y-1) (y-2) (y-3)
2. Locate the points of relative extreme (Critical points) for the given function:
In{x)
[(x) === 3 (0<x<en)
3. Define stationary points or extreme points. What do you know about point of inflection?
4. Define increasing and decreasing functions. Write proper definition and labeled diagram to elaborate
your answer. What inlormation do we get about slope of a line and first derivative test?
5. The nth term of a sequence is given. Determine whether the sequence converges or diverges. If it
converges find its limit:
nf+1
in? -1
6. Prove that if a positive term series 5,5 a,, converges then the series XY |/ an @y, 1 converges.
7. Define sequence and series. Explain with examples.
8. Determine whether the sequence converges or diverges:
oo - n
n. (-
2. )
1
9. Define direct comparison and Limit comparison test.
“ 10. Find dy/dx in the 3(x* + ¥*)? = 25 (* — y*).

Question no: 3
Attempt all long questions. (3X10=30)

I.  Solve the given series by limit comparison test:
i 1
- (2n — 13

2. The nth term of a sequence is given. Determine whether the sequence converges or diverges. 1f it
converges find its limit:
@ny
{nh)?

3. Define the following terms:
< Limit of a sequence.
¢ Results of a Null sequence.

-

< n"—term test for divergence.
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Question No.2: Answer the following short questions. (5x4=20) -

—13y2 ' 2
i.  Write the equation of the surface defined by (Z—:—)— — (yzj)

= 4(x — 4) relative to new
set of parallel axis with origin at (4,-2,1).
ii.  Show that $:x(y* + z%) = 1is a surface of revolution. Find a generatix and axis of
revolution.
lii.  Find the center and radius of the sphere x2 +vy2 +22 4+ 3x—4z+1=0
iv. . Find an equation of the plane through the three given points (-1,1.1) . (5,-8,-2), (4,1,0)
v.  Find the intercepts of the given surface on the co-ordinate axes.
X4 +4y? +5xz-2x+y—-3=0
Section-111

(Long Question)
Q.3. (10
a. Find an equation of the plane through (5.-1.+4) and perpendicular to each of the
planes x+y-2z-3=0 and 2x-3y+z=0
b. Find parametric equation of the line containing the point (2,4,-3) and perpendicular
to the plane 3x+3y-77-9
Q4. (10)
a. Show that the straight line f = ; = : is perpendicular to the plane
Ax+8y+1224+19=0
b. A variable hine tn two adjacent position has direction cosines {,m,n and [ +
L'+ 61, mé,n + &n show that the measure of the smail angle 8 between the two
positions is given by (88)° = (80)% + (6m)? + (6n)°
Q5. (10)
a. Find an equation of the tangent plane to the sphere
x* +y*+2z? —4x+ 2 ~- 62 = 0at the point P(3.2,5)
b. Show that the shortest distance between the lines
x+a=2y= ~12zandx =y + 2a = 6(z—a)is 2a
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Q.1. Encircle the best answer out of the choices given for each question. (10x1=10)
i, The distance between P1(2.1,5) and P2(-2,3.0) is :
a. 5V3 c. 35
h. 65
ii.  The mid-point of the segment joining Pi(3.-2.0) and P2(7.4,4) is
a. (5,1.2) c. 4,7.2)
b. (6,1.3)

iii.  The magnitude length of A = a1 + azj+aszXis

a. Ja?+ak+a;3 c. a; +a; +a;

h. ol +a3+ai

Siv.  An equation n any two ol the three Cartesian co-ordinates defines a o
parallel to the axis of the third co-ordinate.
a. Cone ¢. Surface
b, Cyiinder
v.  Cylindrical co-ordinates represent a point in space by ordered triples.
a. (X,¥.2) c. (r,6,2)
b. (p,0,0)
vi. Il f(x,y,2z) = 0 implies f(—x,—y,—z) = 0, the surface is symmctric with respect
to
a. yz-plane c. y-axis
b. origin
vii.  The direction cosines of x-axis are
a. (0,1.D) c. (0,0.1)
b. (1,0,0)
vili.  The straight line ‘" and the plane ‘" intersects in one point it and only if
a. aci+ ber+ ees#0 b. ac;+ bert ce3=0
ix.  The intercept form of equation of plane is
A t4zei=1 X. §+§+§¢0
b, 2+2+%2=0
/1 B [
X2y 72 . .
X St Tn represents a surface of the type
a. an ellipsoid c. circular parabolic

b. elliptic cone
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Question no: 2 :
Attermnpt all short questions. 4X5=20)

. Show that the divergence of a curl of a vector field is zero.

2. Show that the curvature of a line is always zero.

(9

Define parametric equation of lines.

=

Find a, b, cit F=(x+2y+azg)i+(bx-3y-z)j+(4x+tey+2gk Isirrotational.

5. Prove that div {grad @)= V% o

Question no: 3
Attempt all long questions. (3 X 10=30)

I. Provethat F=(" cosx+Z2)i+(2y.sinx +4)j+ (3xz’)k is irrotational?
2. If F=grad (x’+y’ + 7’ - 3xpz). Find Curl F.

3. If A and B vectors are irrotational. Show that A x B is Sclenoidal.
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Question no: 1

Attempt all MCQs and chose the best answer.
|. Gradient of a function is a constant. State True/False.

a) True b) False ¢) can be both d) information not complete

2. The mathematical perception of the gradient is said to be

a) Tangent ) Chord ¢) Slope dj Arc

3. Divergence of gradient of a vector function is equivalent to

a) Laplacian operation b) Curl operation ¢} Double gradient operatidn d) Null vector

4. The gradient of xi + yj + vk is
a) b byt c) 2 dj 3

5. Curl of gradient of a vector is

a) Unity b) Zero ¢} Null vector d) Depends on the constants of the vector

6. Find the divergence of the vector yi+zj+xk.
a) -1 b) 0 ol d)3

7. Find whether the vector is solenoidal, E=yz i+ xzj+xy &
a) Yes, solenoidal b) No, non-solenoidal

¢) Solenoidal with negative divergence d) Variable divergence

8. ldentify the nature of the field, if' the divergence is zero and curl is also zero,
a) Solenoidal, irrotational b) Divergent, rotational

¢) Solenoidal, irrotationat d) Divergent, rotational

9. The cwrl of a cur] of a vector gives a

a) Scalar by Vector ¢} Zero value d) Non zero value

10. A field in which a test charge around any closed surface in static path is zero is called

a) Solenoidal b) Rotational ¢) Irrotational d) Conservative
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SUBJECTIVE

SECTION -11

Q.2 SHORT QUESTIONS

For the given matrix find the basis of Column space.

0 122 -1
]
365 0 o
121 2

. . . 2 1
{iiy | IfAlis a nonsingular matrix whose inverse is L J . find A,

|
Find the reduced echelon form of the matrix
1 =2 3 -1
(i) 2 -1 2 2 (4)
301 2 3 |
y
2 2 )
(b +c) a at
(iv) | Provethat| &7 (c+a)2 b |=2abc(a+b+c) (4)
c? o (LH—b)2

Check whether W is a subspace of V or not?

v) V=R, W={abc)eV: a*+b*+c?<l}. “

SECTION - lii

LONG QUESTIONS

1 2 3
Q.3 | If possible, find the inverse of thematrix | 0 -2 0 (6)
-2 -2 2

Determine whether the vectors are linearly independent or not?

Q4 = (1,-2,3),v, =(5,6,-1),%, = (3,2,1). )

@.5 | Determine whether or not the set of vectors {(1,2, -1),(0,3,1),(3, —5,3)} isabasisforR* | (6)

1 2
Q.6 | Find the rea! orthogonal matrix P for which P~ AP is orthogonal where 4 _|' } (6)

i 21

Determine the values of a for which the system of linear equations has no solution,
exactly one solution and infinitely many solutions.

Q7 x+y+lz=-7 )
2x+3y+17z=~16

x+2y+(a” +1)z=3a.
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OBJECTIVE
SECTION -1
0.1 MCQs (1 mark each)
If (4)' = -4 then A s called
(i) :
(a) Symmetric matrix (b) Skew symmetric matrix {c) Hermitian matrix (d) Skew
Hermitian matrix
(i) The dimension of KerT iscalled ....................
(a) Rank (b) Nutity {c) Column space (d) None of these
A system of m homogeneous linear equations 4x =0 in » variables has a non-trivial solution if
(iii) and only if the rank of A4 is -———-
(a) equal to n (b)less than n (c)greater than n (d) none of these
A unit vector orthogonal to both (1, 1, 2) and {0,1,3) in R’ is ———
(iv) (a) (___1 —_3 _1_] {b) (__1 -3_ _I__J {c) [_gﬁ _:_3:_ ..i) (d) (.Tl_ i _L_)
NTRV TR NTRNVITRNT ViUV 1’V
- . (2 0},
‘ The characteristic polynomial of the matrix [0 ZJ [ JOUOTP
) ‘
(@ p(A)=2-1P () p(L)=2-2)3-1) (c) p(A)=2> (d) None of these
The property Va,beR then a+be R s called
(v (a) Associative property (b) Transitive property (c) Closure property (d) None of these
(vii) The subspace of R® spanned by the vector (a, b, c) is ~———-
(@ x=t,y=bt,z=ct (b) x=-at,y=-bt,z=~ct {c) x=at,y=bt,z=ct {d)None of these
Let R’ be the vector space of all ordered triples of real numbers. Then the transformation
wiiy | T+ R® - R® defined by T(x,y,2) = (x, »,0) is
(a) Linear (b} Not Linear (c) Rational  (d) None of these
: A linear transformation that is both one-one and onto is called
(ix)
(a) Isomorphism (b} Homomorphism  (c) Basis (d) Bijective
A linear transformation 7 : UV —> F is one-to-one if and only if ——--
& @ N(T)={0} ®) N(T)={0} () N(T)={1} (&) N(T)={-1}

~
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SUBJECTIVE
SECTION II-Questions with Short Answers

. State the Root test for absolute convergence,

. Define surface of revolution.
& ]
. Show that ; n%h diverges.

— cosy .2
R z ' T=U “Uay=€”,thenﬁnd§;‘%.

. Work out the critical points of f(z,y) = 2® +y* — 3azy, a>0.

2w a{l—cos §)

- Bvaluate I = [ [ 73 cos? Gdrdd.

0 0

SECTION III-Questions with Brief Answers

Find the limit of the sequence {an} as n — oo.

oo
. . . . z—e)"Inn
. Determine the radius of convergence and interval of convergence of the series » fz—e)tlnn e),,

n=1

. U = f(z,y) is homogeneous function of degree n then prove that

22 oz + 20y foy + Y2 fyy = n(n — 1) f.

XXXEXXEREZ NN R NN N N R AN AR

Examination: B.S. 4 Years Programme &, ROUNO. .oooovvoovveirocnn

TIME ALLOWED: 2 hrs. & 30 mins.

(2 marks)

(2 marks)

(4 marks)

(4 marks)

(4 marks)

(4 marks)

(5 marks)

(6 marks)

(6 marks)

A topless box having a volume of 12 cubic meters is to be made of material costing Rs. 100 per square

meter. Find the dimensions of the box that minimize the cost.

Work out the point of the plane x — y + 22 = 6 nearest to the origin.

(7 marks)

(6 marks)
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OBJECTIVE

NOTE: Attempt all questions from each section.
SECTION I

1. g}{an}, {ba} and {c,} are sequences such that an < bp < e, for all n and if limp 00, = L =lim;_40cCn
151/ R ,
n (1 mark)

(a) limn_}oobn:L
(b) limp oo b =1
(c) limy_ebn = QnCy

{d) none of the above

2. A bounded monotonic sequence is ..................... (1 mark)

(a) divergent
(b) convergent
(c) increasing

(d) decreasing

oC
3. If the series :
i ZI: a,, converges then ................... (1 mark)

(a') limn—rooan =0
(b) limp—ooa, = constant
(c) a, is constant

(d) both (a) and (b)

4. If u = f(z,y) is a homogeneous function of z,y of degree n, then I% + y%’j: ..................... (1 mark)
(a) O
(b) n
(¢) u
P.T.O.

(d) nu

UNIVERSITY OF THE PUNJAB™- Roll No



5. A function f can have a relative extrema only at its ..................... (1 mark)
{a) intersecting point
(b) critical point

)
)

(c) saddle point
)

{d) poiut of inflection
6. Two surfaces are said to be tangent at a common point P if each has the same ................... at
P. (1 mark)

{a) tangent plane
(b) saddle point

(c) gradient

(d) both (a) and (c¢)

7. If an arc s, a portion of a plane curve, is rotated about a straight line, then the arc generates a surface called
B e, (1 mark)

(a) surface of revolution
(b) torus
(¢} anchor ring

(d) none of the above

8. Let {an} be a sequence and f a continuous function defined on [0,00[ such that f(r) = a,. Then
..................... (1 mark)

(a) limy, e00n=limz 00 f()
(b) limp 00 =limz—of(z)
(¢) limp_gan=lim;_ o0 f(z)
(d) all of the above

9. Let C be a curve in a plane and L be a line not in the plane. The union of all lines that intersect C and are
parallel to L is called a ...ccevveeneenn. {1 mark)

{(a) cone
(b) sphere
(¢) cylinder

(d) none of the above

2

16. The equation g—j} + 1y = 0 has solution .................... with A and B are arbitrary constants. (1 mark)

(a) Az + B
(b) Acosz + Bsinz
(¢) Alnz + Blnzx

{(d) none of the above
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SUBJECTIVE
Q#2: Solve the following Short Questions. (2x10=20)
1) Write adjacency matrix representation of wheel W,

1) Define Complete bipartite graphs and give example.

iii)  Define vertex-induced subgraph and give example.

iv)  Explain why a graph must have even number of vertices of odd degrees?
v)  Determine the number of edges and vertices in G-¢ and G-v and Gle?

vi)  Define self-complementary graph witrh example.

vii)  Can a tree be construct with 7 vertices and 9 edges? Explain your answer.
viii) Draw a graph which is Hamiltonian but not Eulerian.

ix)  Draw 2 spanning trees of cube O;.

x)  Define Hamiltonion graphs with example.

Q# 3: Solve the following Long Questions. (5%x6=30)
1) Prove that in a tree every edge is a bridge.
ti)  InaPetersen graph, find a trail of length 5, a path of length 8, and all cutsets with 3
edges.
i) Find the labelled tree corresponding to the sequence {1,2,3,4}.
1v)  Find the shortest path between vertices a and b4 in the following graph.

v)  Define Isomorphic graphs and explain why the following two graphs are not
isomorphic.

* P
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(OBJECTIVE)

Q#1: Tick or circle the correct answer of the following. Multiple choice questions.

i) A pendant vertex has degree

(a) 0O (b) 1 (c)2 (d)>2
ii)  The number of vertices of odd degree in a non-trivial graph must be :
(a) 1 (b) odd (c) even (d) none
iil) A path graph P,, 1s
(a) regualr (b) closed (c) tree (d) none
iv)  The sum of elements in each row of __isequal to degree of corresponding
vertex of graph
(a) adjacency matrix only (b) incident matrix only  (c) both (d) none
v)  If degree of each vertex is odd then graph cannot be
(a)Eulerian (b) connected (c) disconnected  (d) Hamiltonian

vi) Ina directed graph sum of indegrees is equal to
{a) sum of out degrees (b) no. of edges (¢) both (a) &(b) (d) none

vii) If vertex set of a subgraph is equal to vertex set of graph then subgraph is called
(a) spanning subgraph  (b) vertex-induced subgraph  (¢) edge-induced
subgraph

viil) If 4 is the adjacency matrix of graph, then entry a; of A? determines the no. of
of length 2 between vertex i and vertex j
{a) paths (b) walks (¢) vertices (d)edges
ix) A path that traverse every vertex of graph is called path
(A) Eulerian  (b) Semi-Eulerian  (C) Closed (D) Hamiltonion

x)  The complement of null graph is
(a)Graph itself (b) wheel graph (c) complete graph  (d) disconnected graph

~. RolINo. .cccetvnrraiansaas



UNIVERSITY OF THE PUNJAB

Third Semester 2018 .
Examination: B.S. 4 Years Programme s RollNo. ...oooeneanreneeens

PAPER: Elementary Mathematics-II (Calculus) TIME ALLOWED: 2 hrs. & 30 mins.
Course Code: MATH-211/MTH-21107 MAX. MARKS: 50

Attempt this Paper on Separate Answer Sheet provided.

Short Questions
Q2:write the answers of the following questions (5X4)
i) Solve x>-3x>10
i) Evaluate lim,_,q tn (;a:x)
iii)  Find dy/dx if y=x"™
iv) Evaluate [ xsec?xdx
V) Evaluate f; S
(1-x)3
Long Questions
Q3 | (10)
- Let f{x)= I X | if x#0 and f{0)=0.Discuss the continuity and differentiability of f at x=0
Q4
Differentiate w.r.t x (3,5)

a)y=y (x3 + cscx)

b)y= (1+x’ cotx)™®

Q5
Evaluate

2
a)f\;T:ldx b)_f(;t/asin5 2xcos2x dx  (5.,5)
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OBJECTIVE TYPE ( Tick the correct statement) (10)
1) I f(x)=sin Vx then the natural domain of f is
a )("00: +CD) b) [17+°D)
c X0, +o0) d)[2,+w0)
2) The solution of the inequality -4<x-3<4
a) (1,7 b)(-1,7)
¢) (-1,-7) d) none of these
3) Lim, o 14+x)"*
a)e b) -e
c) 0 d)
4)d In l xl fdx =
a)1/(x Ine) b) 1/(xlna)
c) X d) none above
5)1/x2+1 is the derivative of
a )sin-'x b) cos-'x
c) tan-"x : d)cot-'x
1
6)f (=) ax
a)lnx b) I/x Ina
c) -1/¢ d)none of these
NS cosx dx
a) sinx+c b) Incosx +¢
¢) Insinx +c d)none of these
1
8)-J (J(l-xZ)) dx
a)sin'x b) cos 'x
¢) tan'x d)cot'x
9NN = x2)>
a0 b) 30
c) 60 , d)90
10)f secx tanx dx
a )-cscx +c b) secx +c

c) cotx +¢ d)tan x+c
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Section-IT (Short Questions) Marks=20

1. Verify that one-parameter family of solution

T

y=¢= /e‘zdt e ™

0
satisfies differential equation -Z—% +2zy =1.
2. Solve initial-value problem (IVP)
2y : dy .
(e —y) cos (z) o e¥sin (21) , y(0) =0.
3. Solve
@+ Z oy (1) = 10
7 Ty=lz, y(1) = 10.

4. Given that z{t) = ¢; cos{wt) + ez sin{wt) is the general solution of %ﬂ + w?z(t) = 0 on the interval
(—00, +00), show that a solution satisfying the initial conditions z(0) = zg, z'(0) = z; is given by

z(t) = zq cos{wt) + % sin{wt).

5. Solve oy 'y Ly &
z EE-PE»:I: E+91 @+3IEE+1}:0'
Section-ITI | Marks=30
. 1. Solve the differential equation by using undetermined coeﬂiéients.
% + wz:r(.t) = Fpsin (wt), x{0) =0, 2'(0) =0.

2. Solve differential equation

d
| Ey = cos(z + y},
subject to the initial condition y(0) = §.
3. Solve

(y? cosz — 32y — 2x)dx + (Qysinz ~234ln y)dy =0, y(0)=e.

4. Solve the system of linear differential equations

(D-1)z(t)+ (D + 1) y(t)
(D*—-1)z(t) + (D +Dy(t) = 2

I
-

_d p2_ 4
whereD—zE,D =

5. Solve
dz? Y YT T4

by using variation of parameters.
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Instructions. Attempt all questions

Section-I (Objective) - Marks=10
Fill in the blank or answer true/false.
. - . ~x2: z<0 . . . .
1. The piecewise-defined function y = { xgi’ 0<z is a solution of the differential equation
m% — 2y = 0 on the interval (oo, 00). ‘ {True/False)
2, x% +y= ;15 is a first-order linear ordinary differential equation. (True/False)
3. ¥° +3y =1 — 3z is an implicit solution of ¥ = 2y (). (True/False)
4. y = %2 are two constant solutions of % =y? -4 {True/False)

5. The set of functions f(z) = 2+, fo(z) = 2+|x] is linearly dependent on interval (—oo, 00).(True/False)

6. The set of functions fi(x) = z, fo(x) =z —1, f3{z) = +3 is linearly independent on interval (—o, 00),
{True/False)

7. (Rd;z; + bz) COS(BT) = oo
8. W(cos 3z,8In 3T} = vooovrivvneirninn,
9. % = 291/2 is a first order linear ordinary differential equation. (True/False)

dz
10. %I! = —% is an non linear ordinary differential equation. (True/False)
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Q.2 Answer the following short questions. [20]

i Write all partitions of § = {1,2,3}.
i.  Find x and y given(2x, x + ¥) = (6,2).
iit.  Find the domain and range of the function f(x) = V1 — &2,

iv. Find inverse function of f(x) = sz—?’.

v. What is the difference between discrete and indiscrete topologies? Also give a suitable
example. :
vi.  What is the difference between coarser and finer topologies? Also give a suitable
example,
vil.  What is the difference between tautologies and contradictions? Also give a suitable
example.
viii.  Fiad the domain and sketch the function f(x) = =

ix.  Define absurdity with suitable example.
X.  Define Continuity. Also give an example.

Answer the long questions.

Q.3 Determine the validity of the tollowing arguments: [6]
If 7 15 less than 4, then 7 is not a prime number.
7 1s not less than 4.
715 a prime number.

Q.4 Prove that any open ball in the usual metric space R is open interval. (6]

Q.5 A subset 4 of a metric space X is closed if and only if its compliment X — 4 is open.
[6]
Q.6  Show that the propositions ~(pAq) and ~pV~q are logically equivalent, (6]

Q.7  Prove that the sum of the first » positive integers is %n(n +1). (6]
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OBJECTIVE TYPE
Q.1  Tick on the correct option. [10]
i) The number of elements in the power set of the set {{1,2},3} is
a) 2 by 4 c) 6 d) 8
ii) Power set of empty set has exactly subset/s.
a) Zero b) one c) two d) three
iii) If T1s a topology on non-empty set X, then arbitrary of member of 7
belong to T
a) Union  b) Intersection ¢} product d) compliment

iv) In a Cartesian product A X B, the n(4 x B) =
a) n(A4) + n(B) by n(B)/n(A) ¢) n(A) -n(B) d) n(4)/n(B)

¥) Any two propositions can be combined by the word “and” to form a compound
proposition called

a) Negation b) conjunction ¢) disjunction d) none of these
vi) The A.M between 3vV5 and 5V5 is

a) V5 by 245 ¢) 3v5 d) 4v5

2
.. . x?-1
vii Evaluate lim —_
) X721 524331

ST b) = 0) 2 d)
viii) A subsetof A X Aiscalled a
a) relation from A to B b) relation in A4 ¢) relation in B
ix) The contrapositive of p - g is
a)  q-op b) ~q—~p ¢) g=-~p d)~q—p

x)  LetX ={12345} with T = {X, ¢, {2}, {4}, {2.4}}. Let A = {1,2,5}. Then A°=

) ) b Z~{x) &) (+1) d) Z
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Q2. Solve the following short questions (2x10=20)
1. Draw two 3-regular graphs with six vertices.
2. Construct a truth table for the statement form
PA DY ~pV (pA ~q)
3. What is a compound statement?
4. Let X is a non-empty set. Prove that the identity function on X is bijective.
5. How many integers from 1 through 1000 are multiples of 3 or multiples of 57
6. Find the sum of all two digit positive integers which are neither divisible by 5 nor by 2.
7. Define a binary relation P from R to R as follows:
for all real numbers x and y (x, ) € P <> x = »*. Is P a function? Explain.
& Find x and y given (2x, x + y) = (6, 2).
9. Suppose that fis defined recursively by £(0) = 3, J(n+1)=2f(n)+ 3. Find f(2).
10. Find the number m of ways that nine toys can be divided among four children if the youngest
child is to receive three toys and each of the others two toys.
Q3. Solve the following Long Questions (5x6=30)

[. Define a relation R on the set of all integers Z as follows:
forall integersmandn, mRn & m = n (mod 3).
Prove that R is an equivalence relation.

2. Given any two distinct rational numbers 7 and s with 7 < s. Prove that there is a rational
number x such that r < x < .

3. Prove thatif n is an odd integer, then »* + n is even.

4. Let .S be the function such that S (#) is the sum of the first » positive integers. Give a
recursive definition of S (n).

5. There are 15 girls and 25 boys in a class. How many students are there in total?

6. For the complete graph K, find

(i) the degree of each vertex
(ii)the total degrees
(iii)the number of edges.
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Q1. Encircle the correct answer (1x10=10)

L.

Y oo o e

The inverse of the conditional statement p — gis
a. -p—>q b —p->-g cgop d-g->p

If A= {1,2,3,4}, then the number of elements in P (A)=.....

a. 2* b 2° c. 2¢ d. 27

Consider the relation R={(1,1),(1,2),(1,4),(2,1),(2,2),(3,3)} on set A={1,2,3 4} is

a. Symmetric b. Reflexive c. Transitive d. None of these

A graph of a function fis one-to-one if and only if every horizontal line intersects the graph
Il e point,

a. at most one b. exactly one c. at least one d. none of these
5,9,13,17,...1s
a. Arithmetic series b. Geometric series c. Arithmetic sequence

d. Geometric sequence
The total number of one-to-one functions, from a set with three elements to a set with
four elements is...........

a. 24 b. 16 c. 12 d.9
Iffix) =2 x+1 thenits inverse =............
a. x-1 b. x_2—_1 c. l+x d. None of these

The inverse of given relation R = {(1,1),(1,2),(1,4),(3,4),(4,1)} is
WL1(2,1),(4,1),(2,3)}

{(1,1),(1,2),(4,1),(4,3),(1,4)}

{(1,1),(2,1),(4,1),(4,3),(1,4)}

None of these

If a graph has vertices of degrees 1, 1, 4, 4 and 6. How many edges does the graph have?

a 8 b. 10 c. 12 d. 14

10. Which term of the sequence 4,1,-2,... is -77

a. 26 b. 27 c. 28 d. None of these

TIME ALLOWED: 30 mins:
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Q. MCQs ~ (1x10=10)
Integrating factor of L = 500Q" ~ = is
(i) dQ Q
) /0 (b) 2QQ 9Q (d) None of these
The Annihilator for (x’e™" +15xe™* + 2¢7) is given by
(i)
(a)) D? (a)) (D +3)? (@) (@ —3)° (a)) D*
) The initial value problem y' = y, y(8) = 1 has two solutiens y = 0 and y=
(iii)
(a)y =¢* by y=e* (¢} Ce* (d) None of these
Classify the following differential Equation ‘—:1% =14+utt+ut
(1v) (d) Reducible to
{a) Separable {b) Linear (c) Exact Linear
The function P(x) in the given linear 1* order ODE.
dy _ y+tP-wi
(v) dt t
(a) x o () 1 (d) None of these
If yi and y2 be the solutions of a differential equation then yz = 5y; + 10y, is
v (a) Solution (b) Not a Solution (¢} Singular (d) None of These
y' Py =y"f(x) is —
(vii) (a) Bernoulli  (b) Inhomogeneous (¢) Linear (d) None of these
(i The Singular point of (x3 =27)y"-2xy"+ y = Qisgivenby_ -
Vi
(2) 3 K {(©) V5 (d) None of these
The general solution of a Non-homogenous third order differential equation
o involves arbitrary constants
(ix)
(a) 2 ()3 © 1 (d) None of these
2xy” + vyt =2x%isa order differential equation
(x) (d) None of these
(a) 2 (1 (c) 0
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Q.2 SHORT QUESTIONS o de
j | Solve the following differential equation
(i @
‘ dx + e3xdy =10
Show that weather the following functions are linearly independent or not
(ii) a) | (4)
by Cos (x)
¢) Sin(x)
¥ind the value of m so that the function y=e¢™ is a solution of D.E
(iii) | €)]
i Sy =2y
. . N dx _ {y+1 2
| (iv) Sqlvc yinx v (T) . )
i
| Find the general solution of the following D.E
v) X +x =27y =2y +xy =0 (3+1)
Also radius of convergence if x, = —3 .
' J
LONG QUESTIONS
Solve the following D.E. by using variation of parameter
Q3 (6)

"

Yy —y-=- i

[N,

Find the general solution of the followin
Q.4 s & ©)

¥y 4y = e¥cosx .

Solve the following Bernoulli equation

)
3A+) L =2y(y* - 1)

! Solve the following dilferential equations l
L Q.6 )

! »"=2y'+ 2y =ce tan x
b

\

Q.7 Solve the following initial value problem by Power Series Method

o
Yio2xy 8y =0, y(0)=3 y'(0)=0
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Q1 (1x10=10)

Q) If AnB +# @ in a metric space then d(4, B) is
a) zero b) greater than 1 c)l. : d) none

(i) ~ Every subset of discreet metric space is
a) open b) closed ¢) both open and closed d) none

(iii)  If in a metric space (X,d), all singletons are cpen , then the derived set of any
subset Y of X is '

a) Xitself b) empty set c) Y d) none
(iv)  Suppose a sequence {xn} converges to a. Then a subsequence of {x} converges to
a) Point different from a b) 0 c)a dy 1
(v)  Suppose f:X =Y is continuous. Then pre image of closed set is
closed b) open ¢) may or may not be closed d) none
(vi) A group of prime order is always B
a) Abelian but not cyclic b) cyclic c) non-abelian d) none

(vii) The intersection of all subgroups of a group is

a){e} b) non-trivial subgroup c) group itself d) none

{viii) A non-abelian group of order 6 1s :
a) Zs b) Se ¢) Ss d) none

{ix) The transposition is a cyclic permutation of length
a) 1 b) greater than 2 c)?2 d) none

(x) If o=(12) and B = (4 6) are two perm utations then order of product a B is
a) 2 b) 4 c)3 d) none
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Q2. Solve the following short question. (2 marks for each question) (2110=20)7

(D Define conjugate index with example. Also show that 2 is a self conjugate index.

(ii) Define closure of a subset. Also determine closure of set of natural numbers in
usual metric space (R, d), where R is the set of real numbers.

(iii)  Prove that every open ball in a metric space is open.

(iv)  Prove that every Cauchy sequence in a metric space is bounded

(v) Find the limit points of an open interval and closed interval in real line with usual
metric space.

(viy Provethat ANB € A n B. What can you say about the equality? Justify your
answer.

(vit)  Show that the set {1, 2,4, 5,7, 8} under multiplication modulo 9 is a group. Also
find the order of each element.

(viiiy Determine whether the union of two subgroups is a subgroup or not? Justify your

answer
. ) ot . . (123456
{ix) Define txar;sgoz:l:(;n;;d detrermine whether the permutations a = 53264 1)
= 9
~ andf (3527614)areevenorodd. .
(x) Let G be a group of order 1135. Can G have a subgroup of order 25? Justify your
answer
Section —III (6x5=30)
Q3. Show that the space I, of all real sequences x = {x.} such that ¥:5°_; Ix,|? < o is a metric

space.
Q4. State and prove Minkowski’s Inequality

Q5. Praove that a function f:X — Y is continuous if and only for every open subset U in X,
f7*(U) is open in X.

Q6. State Lagrange theorem and show that the converse statement of Lagrange theorem
holds in case of finite cyclic group.

Q7. Let G be a group and aeG have order n. Then show that for any integerk, a* = e if and
only if k= ng, where g is an integer
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Q#1: . . N L0 (x16=10)
1JA prime number has exactly ____ positive divisor.
a) 2 b) 1 c)3 d) 4
ii) For an integera, f3 t a? then a2 =
a) 3k b) 3k+1 c) 3&k+2 d) none

iii) Given integers a and b, not both zero then there exist integers x and y such that
ged(aby=__

a) ab+ xy b) ax + by C) Xty d) xy
iv) The greatest common divisor of two consecutive integers is
a) >2 b) 2 c)1 d)o
v) For any positive integers a, b, if ged(a b) =1, then
a) lem{a,b) = ab b) lem(a,b)=a c) lem(a,b)=b d) lem(a,b)=1

vi) The solution of Diophantine equation 33x+ 18y =22
a) exist and unique b) exist but not unique - - c¢) does not exist d) none

vii) If a prime p divides product of # integers then
a) p divides exactly one integer b) p divides at least one integer
¢) p divides all » integers d) none

viit) If Sa= 55 (mod 7), then
a) a= b (mod 7) b) a% b (mod 7) ¢)a= b+1 (mod 7) d) none

ix) The solutions of of 9x = 2J (mod 30)
a) exist and unique b) existand 3 innumber c¢) does not exist d) none

x) The number 783423 is divisible by
a) 3 butnotby 9 b)bothby3and 9 c¢) neitherby 3norbv9 d) divisibl_e by 11
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Q#2: Solve the following Short Qufestions.

i)  Show that the fourth power of any integer is either of the form 5k or Sk+1

ii)  Ifa]b and a c then show that a|(bx + cy) for any integers x and y.

iii)  Show that if a | bc with ged(a,6) =1 then a fc

iv)  For an arbitrary integer a, show that 3|a(2a? + 7)

v)  Ifa=b (mod n), then show that a¥ = b*(mod n) for any positive integer k.

vi)  Define Diophantine equation with an example. Also write the criterion for its
solution.

vii)  Determine whether the congruence 15x = 6(mod 5) has a solution or not? Justify
your answer.

viii) Find the remainder when 415° is divisible by 7.

ix) Ifca = cb(mod n), then show that a = b(mod n/d), where d=gcd(c, n).

x)  Prove that if ged(a,b)=1 then ged(2a + b,a + 2b=lor3

SECTION-II

- Q#3; Long Questions (5x6=30 Marks) -
1 State division algorithm and use it to show that n(n+ 1)(2n + 1)/6 is an integer.

ii. . Forn 2 1, use mathematical induction to show that 5|337+1 4 2n+1,

iii. Find all incongruent solutions of the linear congruence 140x= 133 (mod 301).

iv. State and prove Chinese remainder theorem.

v. Use Euclidean Algorithm to obtain integers x and y satisfying gcd(56,72)=56x+72y.

~ - Also find their Iem. N . : -
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Fill in the blank or answer true /falsc. (1x10=10)
L L{fy Fla)dey = oo

2. The only solution of the initial-vaiye problem Z—j} Fady =0, y(0) = 0, y(0)y=01is........o

3. L*l{ﬁ;}: .................................

4. ¢ :d ety s » are regular singular points of the second order linear differential equation {1-— .1:2)5 £ -
2 +n(n+ 1)y = Q.

0. For Bessel function, Jolw) = v

6. fOIrJo(r)d?' R

1L &) =

& The equation :122(%)2 + 6y = 32 is a 2nd order linear differential equation. (True/False}
9. y =2z is a solution of the differential equation %% + 228 4492 =, (True/False)

’ RIS . o @2 Ay . A
10 The general solution of w244 4 38 5 (2 - Wy =0isy =crlin(a) + ead i joa) . (True/False)
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Show that
Jordo(r)dr = zJy(x).

If F(s) is the Laplace transform of the function f(1t), fi.e. F(s) = L{f{t)}) and n = 1,2,3, ..., then
show that o
E{ (0} = (1) S F ().

Deterinine the singular points of the given differential equations. Classify each singular point as regular
and irregular:

d? d
(@ +z~6)=F + (e +3) T +(z -2y =0,

- Use the Laplace transformation to solve the differential equation

12 ly .
LYWy, ) =050 =0

Evaluate £7! {tan ! (s)}-

=+ Section-IIT - (6x5=30)

i.

[

Show that the substitution y(x) = 2~ /22(x) in Bessel’s equation of order p, 22 ’L'_f a4 (2 p?)y =0,

yields
E'z-’ Ca? T

If z = 0 1s a regular singular point of the given differential equation

7
2.
iy — (-2 0.
T~ ('T Q)J

Show that the indicial roots of the singularity do not differ by an integer. Use the method of Frobenius
to obtain two linearly independent series solutions about z = 0. Form the general solution on (0, o).

Use the Laplace transform to solve the given integral equation

o
f) =382 -t Fir)e Tdr, for f(i).
a
If f(t) 1s piecewise continuous on [0, 00), of exponential order, and periodic with period P, then
P
L ) .
L{f(t)} = m/e f(t)dt

0

The equation

2 — Pl + Qlaly + R(z),

is called a Riccati equation. Suppose that one particular solution yi({z) of this equation is known.
Show that the substitution )
z) = p(z) + —
y( ) yl( ) ’LL(.'E),
transform the Riccat! equation into the linear equation
du

- QM) + 2P(xhw) = —P(a).
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MCQs (1x10 = 10 Marks)

Q1 |
|

EERERTIL

I The set of vectors {VM-’_n VY, VLV \} in a vector space V over a field Fis ...

a) Linearly independent b) Linearly dependent c) Basis d) Subspace

' The set of vectors {(1,1,3), (2,1,1), (9,8,7), {5,6,7)} is . ’

a) Linearly independent b) Linearly dependent ¢)Basis  d) Not Given ‘

[ - e —
(iit) " Lat | be a vector space over afield /7. If there exists a finite subset § of i”such that

L L(8) =P where L(S)denote the linear span of S then s said to be

l
!
a) Trivial Space b) Infinite Dimensional ¢) Finite Dimensional  d) Basis Free Space |
|

in a third order determinant, each element of the first column cansists of the sum of |
two terms, each element of the second column consists of the sum of three terms and »
each element of the third column consists of the sum of four terms. Then it can l

(iv)

decompose into n determinants, where n has value.
{a) 1 (b) S (c)16 (d) 24

—_— - -
in an n-dimensional vector space V, any set of n linearly independent vectors always

b Pform a .

i

ta) Row Space b) Column Space ¢) Null Space d) Basis

e © |

*{vi) Let 7 RY — R' be alinear transformation. If the dimension of the null space of 7"is !

9, then the dimension of R(7) is

al 9 b) 11 ¢) 2 d) 22

!
— X T o ) I
5 (vii) For a square matrix A, Rank (AA')= |
i |

(a) Rank (A} (b)Rank (A"} (c)Rank (AT A) g} All {a), (b) and (c) are true

~ Wiy 1 Inthe group (Z,0) of ali integers where aob = a + b — ab fora,b € Z, the inverse of
21is |

a) 1 b) 2 c)3 d) 4 e) Not given

: iix) The group ¢, xc, Is iéo-;r—rorphic to
Ha) S b) D, _ c) ¢, d) Not Given

e i Every one dimensional representation is
; __la)Reducible b lrreducible c)Both (a)and (b)  d) Not Given




UNIVERSITY OF THE PUNJAB

Fourthsemester_Zﬂls . :oooco|o.|l|||ooonooo.o‘0€

Examination: B.S. 4 Years - Roll No. sesnesiensssanians E

PAPER' Linear Algebra TIME ALLOW.EI;: 2 Hrs. & 45 Min.
Course Code: MATH-224 / MTH-22120 Part—1I MAX. MARKS: S

Attempt this Papr Sarate Answer Sheet prov1ded

’ Q.2 | Short (.IL‘IEStiOHS ( 4x5 =20 Marks)
‘ {i) Prove théi é—véry finite diméﬁ%hal vector space contains a basis. |
!7“) tet G =< a,bja® = b? —(ab)z*e>and C, =< g|g*® —e>betwogroups then ;
‘ show that & X (3 is isomorphicto €, x €, % C,. '
17:11;—“ - Find an orthonormal basts of the basis ((Z 35, (4 1) usméAGAEJm Schmidt
" orthonormalization process. :
0 Find the sigenvalues and exgerveciors o the st (Fpossal T
| 2 11 1
| a3 .
J {v) ! Prove or disprove that 3 one to one finear transformation preserves a basis, ;
Section-!
N - T Long Cin‘J-e_st—mnrv{éz) - ?;{7)‘l\/ran;¢_)“ T o
l'6_3'*—?5?56[1_317@5Ef‘?f Cwillt 1o ¢ ]

will the system have no solution? Exactly ane solutlon? i
Infinitely many solutions?

| Y+ 22—tz =4

3x—yv+3z=2
i i x4 y+(a —1d)z=qg+2

- Q.4 Let I be a vector space over a field 7 and B be afinite subset of V. Prove that the |
| following statements are equivalent?

! (i) B is a basis for I

(ii) 5 is the maximal set of linearly independent vectors in . %

i (iii) B3 is the minimal set of generators for . ;
) i

Qs | Show that {(1,2),(3,4)} is a basis of RZ. Using Gram-Schmidt orthonormalization !
: | process, transform this basis into an orthonormal basis.

1.6 | Define reducible and irreducible representat.ons with one example of each. Also state
' Schur’s Lemma without proof.

Q7 i Deflné groﬁl‘p homomaorphism and isomorphism. Let H be a subset of a finite group G. If
. H’ contains all elements of G whose orders are finite. Prove that H is a subgroup of G.

|
|
|
|
|
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Q.1: Choose the best option. Marks: 10
(1) The union of rational and irrational numbers is:
' (a) set of real numbers (b) set of complex numbers
(¢) set of integers (d) none
(it)  Between any two rational numbers their lie rational number.
{(a) one (b) two
(c) three (d) infinite
(i) Letx,y,zeR,ifx<yandy <zthen x <zis called
(a) reflexive property (b) symmetric property
(c) transitive property (d) none
(tv)  Avreal sequence Sn < Sn + 1 is, forall n > 1 is called”
(a) -strictly increasing (b} strictly decreasing
(c) monotonically increasing (d) monotonically decreasing
(v}  Every difterentiable is also:
(a) continuous (b) discontinuous
(c) undefined (d) none
(vi) A bounded monotonic sequence _ must be convergent:
(a) the integers (b) real numbers
(¢) rational numbers {d) irrational numbers

(vii) If {t,} 1s bounded and {S,} in null sequence then {t,S,} is”
(a) also a null sequence (b) bounded sequence
(c) not a sequence (d) none

(viii) Every subsequence of a convergent seguence is convergent and converge te the  limit:
(a) same (b) different
(c¢) infinity (d) none

(ix)  Find the value of the limxsin 1/x:

x4

(a) 0 (b} 1

(c) —1 (dy infinity
(x) There are types of discontinuity:

(a) 1 (h) 2

{c) 3 (dy 4
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Questions with Short Answers.

Q.2:
(1)

(i)
(iil)

(iv)

(v)
Q.3:
(1)

(ii)

(iii)

(1v)

v)

Answer the following short questions. All questions carry equal marks. (5x4=20)

If r is rational and r # 0 and x is an irrational number then prove that rx is an irrational

number.

If it exist the sup. Of a non empty subset of an ordered field is unique.

Ifp> 0, then limlpzo

X—p0 n

The series Z'IF converges if p > 1 and diverges ifp < 1.

n=u

Show that f(x)=xsinl/x,x=0. atx =0 is continuous.

Do the following “lL.ong Questions”. (5x6=30)
If x, yeR and x < y then prove that there exists an irrational numbers p such that
X<p<y. .
Let x be a real number x < 1 and let p, q be rational numbers such that p > q > 0. show
that

Letx,y,z cR* then prove that //x.y//<//x//.ily//.

- B}
X _a O<x<a
a
Show that f(x) is defined by f(x){ 0 ~  ar x=0 |is continuous at x = @.
x3
a iy x>a
| a i

Suppose that f is differentiable at point ¢ in the domains of f and g is differcntiable at
f(c), then the composite function h(x) = gof{(x) = g(l(x)) is also differentiable at x = ¢

and h'(c) = g'(F(c)).F(c).
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Q.1 Encircle the’correct. aﬁswer 1x10
I. The smallest non-abelian group is
(a) Klien 4-group (b) Symmetric group S5 (c) Group of Quaternions Qs. (d) Z3
2. If a,be G and (ab)2 = a’b’ then

(a) a commutes with b () a does not commute with » (¢ ) @ and b are equal
3. Every group of prime order is

a) Abelian b) Non-Abelian «¢) Cyclic d) bothaandc

4. Any two conjugate subgroups of a group G have order.

a) same b) distinct ¢) special d) all of these
5. f ¢ = {+1,4i}, then the generators of G are .
a) +i b) +1 c) —i dy i
6. A subgroup of index . 1s always normal subgroup.
a) 1 b) 2 ¢)3 d) 4
7. The order of @ g i) is
a) 2 | b) 3 c) 4 d) 0

8. If X'isa complex in V, then Ny, (X) =

a) X by Vi ¢) @ d)y Xnv,
9. Conjugate elements have order.
a) same b) distinct c¢) special d) all of these

10. If & is abelian then
a) Z(G)c G by Z(G) &G «¢) Z(G)=G d) G € Z(G)
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Q-2 Solve the following ‘SHORT’ Questions. (2x10=20)

1. Prove that every cyclic group is abelian.

2. Prove that the order of a cyclic permutation of length m is m.

3. Prove that if every element of a group G is idempotent then G is abelian.

4. Let G be a cyclic group such that O(G)=24, generated by a. Find the order of a°,
5

6

. Determine whether the permutation Gr § ; g i) is even or odd?

. Let G be a group of residue classes modulo 6 under addition, then prove that

H=(0,2,4} is a subgroup of G. Also find all left cosets of H in G.
7. Give example of an abelian group which is not cyclic.

8. LetGbea group, then show that the derived group G'is a normal subgroup of G.
9. Find the centre of G = < a,b: a®= b?= (ab)?=¢ >.

10. Give an example of non-abelian group whose all subgroups are normal.
Q-3 Solve the following ‘LONG’ Questions. (10 x 3 = 30)
L. State and prove third isomorphism theorem.
2. a) A group G is abelian if and only if the factor group G/Z(G) is cyclic.
b) A homomorphism @: G — G' is one-one if and only if kerg ={e}.

3. State and Prove Lagrange Theorem.
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Question I. Tick the correct answer fo each question. ix 10=10 7_;

‘1. The real part of tan(—ilogi) is _

N tan=12 PR
tan 1 ' - - T
2. If 2 represents a complex number then arg(z} + arg (2)=
v ) s ' w ‘
&7 )5 @0 GRS
3. If z = z® + iy?, for any 2,y € R, then arg(e®) = _ R
(a) siny? NOES @9 (@ %

4. For any complex number z=1+iy, |sinz]? = ,
(a) sin’z +"siqh2 y  (b)sin®z +cosh?y (c) cos?z + sinh?y  (d) cos? -+ cosh? y
5. A curve compo_sedr of finite number of smooth arcs is called |
(a) smooth curve f | (b) "J;:.rdan curve
{c) piecewise srhoéth curve - (d) closed curve
6. Thé.inverse trigonometric functions are

(a) analytic (b) entire (c) multi-valued (d) none of these

7. The fixed points of the transformation f(z) = z% are

(2)0,1 | ®)0,-1 (¢) -1, 1 (d)."?vii_’

8. w= _e"‘.“ transforms origin.of zépiane into w~p1ane to a _
(a) point {0,1) (b} straight line (c) unit circle {d) point (0.e)

9. Radius of convergence of ) ) is .
o _ :
@o . (e - QI (@)1

10. [ z%dz = , where C: 2] = 1.
2 :

() 0 NOE  (©)3 - S (d)1
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SHORT QUESTIONS

Question II. Write the answer of the fol]oﬁring short qﬁesﬁdné. 5 x4=20

o ‘ z—1 T
1, Fi ' nts Arg | )= 7
Find the locus of the points Arg (z T 1) T3

2. Prove that bilinear transformation is one-one.

3. TeSt the ana.lytic'it'y of the-fﬁnctio’n f(z) = sin(37z + 35iy) without using Cauchy-Riemann
- equations. - i . ‘ _ - -

4. Evaluate [Zdz from z = 0 to z = 4 + 2i along the curve C given by z =t + it.

LONG QUESTIONS o 10x3=30-

Question. TII. State and prove Morera’s theorem.

2 | .
Tz2+1
Question IV. Evaluate [ i (:_ zl;.; dz where C : |z] = 2.
(o - ’ . : .

Question V. Prove that V? [Ref(i'z)]2 =2 |7'(2)|* where f(z) is an analytic ﬁiﬁct,ioﬁ.



Fifth Semester 2018 .
Examination: B.S. 4 Years Programme \\
PAPER: Vector and Tensor Analysis TIME ALLOWED: 30 mins.~.
Course Code: MATH-304 MAX. MARKS: 10
Attempt this Paper on this Question Sheet only.
OBJECTIVE TYPE
Q.1  Tick the correct Optidn.
(i) lheorem converts Ime integral to surface integral.
(i} Green | (n) Gauss (it)) Divergence (iv) Stokes
(ii) The '~ law i is used ror determining a quantity whether a tensor or not.
() Contractlon (i) Quotient (iii) Kronecker (iv) Product
(iif)  How many components does a tensor of rank 2 in a 3- dimensional space?
(i) Zero (u) Six (tit) Eight (iv) Nine
(iv) A contraction in a tensor of rank 2 yields
(iy A vect0| . (u) A scalar (ii)) Atensorofrank 3  (iv) Zero vector
(v} A vectoris solenbidal ififs ~iszero
() Gradient © (i) Curl (i) Divergence (iv) Directional angle
(vi)  The scalar product of 31 —J. J+2k 1+57+4kis :
@ -10 (u) 20 ‘ (m) 10 (iv) None of these

12-2x—-3y

Vi 4= 1821 - 12) + 3yk, 2 =
surface which has the pl‘OJCLthI’i in the xy-plane for Wthh 0<x<60<y<

Then the surface mtegral J[A-7ds = :
(1) 24 - (u) }2 o (iii) Zero - (iv) None of these

(viii) The lme mtegral f A dr appears to be mdependent of the curved path C in a region R

and fi = = (21 + 3] + 6k), a unit normal to the
12— Zx

Jommg the two pomts Py & Pz Then what is true about the vector field A2

(D VXA =0 (11) ¥ A=0 - (i) VXA #0 (iv) None of these
(ix) A umt vecton vecror no"mal to the’ surface 2x% + 4xy 5z2 = —10 at the point (3,-1,2)
s IO HUNNE

() 121+8;—24k (u) (121+8}—24k) (m) (3z+2}—6k) (iv) 121 + 8§f

x) A f"eld F is conservatlve 1f o
(.) Vx F=o (,u) UxF # o C (i) V-F=0 (iv) None of these

UNIVERSITY OF THE PUNJAB ™. RoiiNo. ..o
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Section - I (Short Questions)

Q.2 Solve the following Shbrt Qruestions. (5% 4=20)
() State Stokes theorem and Gauss theorem of divergence .

(it) For the general coordinates 1wy, u,, us, show that
o7 87 af

duy ' duy ' duy

a_nd 'Vul, Vu,, Yz are reciprocal system of vectors.
(iii) Find scalé féﬁtors for spherical coordinates.
(iv) Detine inner product in tensors and prove that any inner product of the
tensors AY and B is a tensor of rank 3..
.‘ (v) Evaluate the integral / = f/i. 7 dS where A = zi + xj — 3x%yk and
" Sis .the poni()n'of the cylinder x* + y% = 8 lying in the first octant

between z=0 and z=4.
Section — II (Long Questions) (3 x 10 = 30)

Q.3 ~ Show that a ngéesszn'y and sufficient condition that F;dx + F,dy + F3dz be
an exact differential is that ¥ % F = 0 where f = Fil+ Ff + Fyk.

Q4. Find covariant and contravariant components of a tensor in cylindrical
Qogljcjix1atesil if ‘fit_.s covariant compenents in rectangular coordinates are
xo-axtyye

Q.S' Define Christoffel symbols of “first and 's:eic'ond kind. Show that the
contraction of the outer product of the tensors AP and B,, is a scalar, (4+6)

¢
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SECTION-I
MCQs (1 Mark each)
i jx, ifx=l
Let f:IR — R be the function defined by f(x)= ] .
3, ifx=1
let O = (2,4) be openin R the f7'(0) = —-ereemv
(a) (2,4) (b) (1,4) (c) {I}U(2,4) {d) None of these
The closure of the subset (—1,4]\[7,11) of thereal line R under the usual metric is ------
(a) (~L4)u{7,11) (b) [-L4]w[7,11] (¢) [-L,4])u[7,11) {d) None of these
The interior of the subset (O, l) ] {2,3} on the real line R under the usual topology is ------
ta) (0,1)u{2,3} (b) (0,1) ) [0,1]w{2,3} (d) None of these
in (IR, 7) with usual topotogy 7 on R, then the interior setof N = {1,2,3,...} i§ wreee
(a) {0} (b) N (o R (d) ¢
Let X an arbitrary space and Y a Hausdorff space. Let f: X —» ¥ be a continuous function Then
the graph G :'{(x,y) y= f(x)} is closed in -----ecomeev :
(a) XA xX by XxY (c) YxY (d} None of these
Let (IR, 7)be a topologicat space with usual topology 7 on R then the set Q is -
(a) open (b} closed (¢} both open and closed (d) neither open nor closed
Let X be infinite set with co-finite topology 7 on X . Then (X,r) i§ —ommee
(a) Compact and connected {b} Not Compact and connected
{(c) Compact and not connected {d) Neither Compact nor connected
Every compact subset of a --------- space is normal
(a) regular {b} Hausdorff (c) Tychonoff (d) None of these
Let (X, 7)be atopological space and A < X . Then A is closed if and only if ~------

(ix)

(x)

(a) F(A)c 4 (b) F(A) >4 0 A =4 (d) None of these
The set {@ﬁ(—oo,r),@f\(r,oo)} is & disconnection for Q@ where 7 is ---------

(a} integer {b} raticnal number (c) irrational number {d) real number

TIME ALLOWED: 30 mins:>._

----------

~ .
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SECTION-I1
Q.2 SHORT QUESTIONS
(i) Prove that (0, l) is homeomorphic to(a,b) . (4)
{ii) let X ={a,b,c,d,e}, 3= {¢v, {a}.{c,d}.{a, ¢c,d}.{b,c, d,e},X}. Find the frontier of the (4]
set A:{b,c_,a’}. '
U“) Let X = {l, 2,3}, T = {¢,{3},{1,2},X} be a topological space. Find the interior and (4}

exterior of the set 4 = {l, 2} .

{iv) Prove that every closed subspace of a normal space is a normal. {4)
{v) Let X be countably compact space. Then Show that every infinite subset of X has a limit (4)
pointin X.

SECTION-IIX

LONG QUESTIONS

Q.3 Prove that any uncountabte set X with co-finite topology is not first countable and so not (6)
second countable.
Q.4 Prove that the following statements are equivalent: (6)

(i} X is a Hausdorff space {ii) the diagonal D = {(x,x) ix e X} is closedin X x X.

Qs Let f: X > 7Y,g:X — Y be continuous function from a space X to a Hausdorff space Yand  (6)
suppose that f(x) = g(x) for all x in a dense subsets D of X. Then prove that f = g for all

X € /Y.
Q.6 Prove that every compact subset of a Hausdorff space is closed. (6)
Q.7 Prove that a space X is connected if and only if there does not exist a surjective continugus  {6)
function f': X — D where D is two point discrete space.
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1. (i) Let n be the unit normal to a given curve r =1 {s), the magnitude of the vector dn/ds,
where s is the arc-length is -
(A) 5, (B) Va¥472, (C)yr, (D) ViZ-x2
(ii) The equation of the rectifying plane for a surface is given by (A) (R—-r)-b =10,
BY (R-r)'n=0, (C) R-r)-t=0, (D) R=r.
(iii) If, for a curve 7 is non-zero, then the curve is said to be a
(A) maximal curve (B) planc curve  (C) unique curve {D) twisted curve
(iv) The distance between corresponding points of two involutes is equal to
(A} p (B) & (C) constant (D) zero.
(v) The point on a surface r = v (n, v) for which ry x 1, = 0, is called
(A) an ordinary point  (3) a singular point (C) a regular point (D) a double -
point.

{(vi) A surface x = x (v, v) is called a minimal surface if at all of its points, the first curvature
of the surface.is
(A) positive, (B) negative, (C) zero, (D) infinite.
(vii) A curve x(s) =x{u(s),v(s)) on a given surlace x = x{n,v) whose tangents at all of its
points are in the direction of principal curvature, is called
(A) the skew curve  (B) the line of curvature (C) the twisted curve (D) the
rectifying plane
(vili) The surface for which specific curvature is zero is said to be
(A) a developable surface, (B) a maximal surface,
(C) a surface of revolution, (D) a tangent plane.
(ix) A curve x({s) — x{u (s}, v (s)) ou a given surface x =x (u,v) whose tangents at all of its
points are in the direction of priucipal curvature, is called
(A) the skew curve, () the line of curvature,
(C) the twisted curve, (D) the rectifying plane.
(x) The product of principal curvatures of a surface is called the
(A) first curvature, (1B} Gauss curvature,
(C) average curvature, (1) nore information is needed.
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SUBJECTIVE PART
Note: Attempt this part of the Paper on Separate Sheet. Question 2 is worth a total of
20 marks and question 3 is worth a total of 30 marks.
SECTION-I (SHORT QUESTIONS)

Attempt the following questions. [4x5=20)]

b3

(i) Let the path traced by a particle be x = x(t). Find the tangential and norinal
components of acceleration, hence show that acceleration vector lies in the osculating
plane.

(ii) Find the arc-length s as a function of # along the epicycloid = = (rg+4 r)cos? -
¥ Cos (ﬂ'—‘—T()) Jy=(ry +)sing - rsin (ﬁil(}), where r and ry are constants.

(iii) Prove that the tangent. principal normal and binermal to the locus of the centre of

osculating sphere €| are parallel to the binormal, principal normal and tangent to the
given curve (.

*

{iv) Show that the tangent plane at the point cornmon to the surface a (ry +yz+zx) = Yz
2 2 2 b - « . -
and a spliere r° 4+ y* + 72 = 1?2 whose centre is at origin, makes intercepts on the axes
whose sum is constant.

(v) Prove that at each point ou a patch r = r(uv), Ny x Ny, = K (r, xr,), where K is the
Gaussian curvaturc.
SECTION-II (LONG QUESTIONS)
Attempt the following questions. [3x10=30]

3. Define spherical image of the binormal. Prove that the curvature 1 and torsion 7; of the

. . . . . ety oot
spherical indicatrix of the binormal are given by x, = YEAT and 7| = TRy

4. State and prove Gauss-Weingarten equations for a surface r = r (u. v}

53 ]

- What is a surface of revolution? When is a surface said to be minimal? Show that the
condition of minimality for a surface of revolution r = (ucosa,usine, f (u)) satisfies the

+ 2
differential equation ug%l; + 4 (l + (‘—”_) ) =0.

dn du
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SECTION I

1. 1 f,, € R{a) on [a.b] and if f(z] = 2, fulz) (¢ < z < D), the series converging uniformly on [e, b,

then : - {1 mark)

(a) [ fder < B2, [ fuda
(0} f) fda > B2 [] fader
(c) ]f fre =822, f‘f' Jradex

(d) none of the above

2. Il f is a monotonic function in [a,bj, hen f is a function of bounded variations i [a,b] and
........... (1 mark)

(a) Vil la, 0]} > |£(b) - fla)]

(B) V(£ la, 0} < 1£(0) - fla)} :
(e) V£ la,b]) = [f(0) = J (2}

(d) none of the above

1 : . . ;
3. [, f—;’— converges if and only if - S o (L mark)

{ay p<l

(®) p=1

() both (a) and (b}

4. The improper inbegral j;‘ %, w > 0, where C' s a positive constant, corverges if and only if {1 mark)
(a) n>1
(o) oo d

I

(c)n<l

(d) w>1
5. A now class of fuactions, called funcsicns of bouided vaiation, fors ... sesting for the discussion of
Rictuonu-Stietijes integrals. (1 1ark)

(o) a more restriceed
(b} an equal
(¢} & wwre general

(d) none of the above

" (P.T.0.)



w N . . b o -
6. A nccessary and sufficient condition tor the convergence of the improper integral fﬂ fdz at a, where f is
positive in [a, B is that there exists a positive number M, ndependent of A, such that (1 mark)

{a) f{h Wfde < M,0>A>b—q
(b} fr,, fde= il 0<A<bq
(O [l fde=MO<A<b-q
(&) i, fdw < M0 <A<b—a

7. A sequence of lnctions {f,},n = 1,2,3,..., converges uniformly on B to a function £, if for every e > 0,
there iz an integer &V such that n > N implics - (1 mark)

() 1a(ad = S < e
) [fele) = Fla)] > €
{c} uone of the ahove
{d] Botl () and (b)

8. The sequence of Funetions {fatin = 1,2,3, ..., delined on %, converges uniformly on £ if and only il for
every e > 0, there exists an integer ¥ such that m > N, n> Nz e E implies {1 mark)

(a) |fu (w) - b))l €
(])) 1_}',‘(‘:1'} — f,,,(fl‘}‘ > €
(¢) noue of the above

{) Lol G aud (9

9. Suppose {f.},n = 1,2,3,...is a sequence of functions defined on E, and suppose i)l € M, (z € E).

Then Y f, converges uniformly on £ if (1 mark)
()} TAM, diverges

{b] XM, converges
{e) none of the ahove
{d) Lol () and (b}

10. Let @ be monotonically increasing on lo, ). Suppose f, € R{cr) on fe,b], for n = 1,2,3,..., and suppose
Ju =/ anilormiy or e, b, then {1 mazk)

(o} [ does not Lelong to Ria) on [u,b]
(b) fn € Ria) on [a,b]
(¢} nune of the above

(et} borh (a) and (b)
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SECTION II-Questions with Short Answers

oShow that the seqrecee fisine ) converges bit ot uniforndy on [0, 7 (4 viarks)

. AT I R TN ; R

2, Isvabiase Jarjdiet ) Ol rraiks)

. lese the canvergence ol ;" :‘-i‘-i“'—’,-;'-’ s (4 marks)

A0 7 and g oace fanetions of bounded variations in @, ], then [ -+ ¢ is a functiou of bounderd variation in
‘.”'»[’i (4 marks)

§. 1t f s monotonic on o, 6], and i1« s conlinuous on {w, b, thew § € Ria). (4 marks)

TANCE

SECHION HI-Questions with Brief Answers

Evalaare J I( G A ad, wliere (0 ks

P AT R R Y &
S R S
[e" 3/2<%u _\j
: , A a1 N C i , ‘
7. Show il £ 7N adm T ek exdses S and enly if s, 2osre both positive. 6 uarks)
00 Donclion o & Prosl i conttnuous ab @ where o<’ =0 b Anothes dunction § s saeh Dl

10.

CEAn . B B SR 5 K LR .
Sl e Lo Pl o Prove than f e R over W U nnd T Seler =2 01 {6 ks

. Show that the sequence {f,}, wheve

2 - fos
TR 0<a <1/n
Loy = ¢ -n e+ 20, UUn<ae<n
0. i<z <.
oot wativendy convergens ou she futerval U, L) (G 1arss)

»

Show a polyuemial pind is a fuuction ol houndud vaviation in euzh closed iie: val [, 01 Describe oonathod of
finding the total variation of pla) ou [0, 8] from the knowledge of zeros of the devivative P (), (0 marks)
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Q.4

o~

s’
A
th

0.6

Q.7

Attemt this Paper on Separate Answer Sheet prov1ded

Show that <he homomaorphic image of a ring is sub-ring. (4]
Prove that eigen values of a syminetric matrix are all real. {4
Define similar matrices and prove that eigen values of the similar matrices are same., (4)
Dene the terms: Change of basis, Orthogonal basis, Orhonormal basis, characteristic (4}
polynomial

Prove that one-to-one linear transformation preserves the basis and dimension. {4)
Let R be a comimutative ring with identity. The ideai P is prime ideal iff the gquotient ring {6)

N/ P is anintegral domain,

Let X and Y be vectors spaces over the field £ with dimensions n and n respectively, then {6)
Hom( X .¥)is of dimension mn over F.

Distinguish between integral domain and division ring. ‘ (6)
Prove that quotient ring is a ring. (0}

|8 -6 2 | (0}
Find the eigenvalues and eigenvectors of the matrix 4 =, -6 7 —4 .

P2 -4 3
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Q.1 MCOs (1 Mark each)

(Ix10=10)
(1 nZ s amaximal ideai ofaring Z andondy i nis
aj Prime number b) Composile number ¢) natural number  d) None of these

() 1 R & R be arbitrary ving @ : R -> R’ is ring homomorphism such thal

(/9(57) =g YaekR then Kerg=-mmmmee
() R (by {0} {c) R (d) None of these

(i) Let R bethe vector space of all ordered triples of real numbers. Then the transformation
T:R' > R defined by T(x.y,z) = (\ y,()) is
a) borear b Not Lirear ¢) Ratfonal ) Noue of these

(ivy  What are Zero divisors in-the Ring of integers modulo 5

9]

a) b)2and 3 ¢) no zero divisor d) None of these

{(v)  The number of proper ideals of Ris..............ooieees

(a) 0 (b) 1 (c)2 (d)3
(vi)  Which of the following is vector space

(&) O(U) (b) O(R) () R{C) () C{Z)

(vil}  The dimension of C{R)is ..................
{a) 0 (by 1 {¢)2 (@3
(vin)  The dimension ot Im7T ascalled ..o .0 oL

, . . . . > T R T
{a) Rank {byNuliity (¢) basis Y none ol these

(ix)  The veciors (1,2) and (1,=2) are............oeie

(a) linearly independent (b) linearly dependent (c) parallel  (d) perpendicular

, - . g . e
(x)  Anindexed set of vectors {vy, vz ... v} in K" issaidtobe ... if the

Vector equation x,v, +x,v -+ x v =0 has only the trivial solution.

(a) Linearly independent (b) Linearly dependent (c) Basis (d) None of these
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Short Questions

Q2. Solve the following short questions (4x5=20)

1. Evaluate §2f—+§dz where C is the circle |z —i{=2.
Lzt

2. Evuluatc_’-
X +9

xXsinx
ox

3. Prove that the sum of residues at the poles in a cell of an elliptic function is zero.
4. Define analytic contiruation with example.

SECTION I1 (Long Questions) (3x10=30)

Q3. Prove that for an elliptic function the number of zeros in a cell is equat to the number of
poles in a celi.

Q4. State and Prove Mittag-Leffler s Expansion theorem.

2

z Z

Q5. Show that the function f(z)= 1 +—
a a a

+... can be continued analytically.
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Q1. Encircle the correct choice of the following questions (1x10=10)
1. The branch point z=0isa............. .. singularity of Ln z. N
a) isolated b) nonisolated c) removable
d) None of these

2. The series representation of Sm42 is valid for ...............
z
) 0<lz] <o b) 0<iz -1 <o ¢) 0<|z-2] <1
d} None of these
3o is a simple pole of f(z) = ﬂnz—: )
a) z=0 b) z=x c) z=1.2 d) none of these

4. If the principal part in the Laurent series is zero, then the singularity is called a

b) Isolated singularity b) nonisolated singularity ¢) essential singularity
d) removable singularity

a) 2 b) 3 c)l d)-11
3
6. Sum of Residues of f(z) = —-- R P
(z-D(z-2)

ay 0 b) -1 ¢)7 =-7

7. f(z)= 2t 1S function.
z{z—1)
a) Entire b)meromorphic ¢) elliptic d) None of these

8. For an elliptic function P(z) which of the following is also elliptic ..........

a) [P(2)dz b) P'(2) c)fiz_) d) None of these
Z

9. Sum of residues of an elliptic functionis ... ... ... .

a) -1 b) 0 c) w d) None of these
10. The analytic function Jf(z) = zsin z* has a zero at 2=0 of order
a) |1 b)0 ¢)2 dy 3
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Questlons with Short Answers. (2x10=20)

(a) (2 marks) Wlmt is principal axis s and prmc1pa1 M.L

(b)

{c)

(d) (2 marks) What is the M.I of rod of mass M and length 2L about a line through mid point and
perpendicular to rod?

(

2 marks) A Okg spherc of radius 0.2m has time period 0.7 scc. Find angular momentum.
g

(2

marks) What is apparent velocity and true velocity.

(e} (2 marks) Write down the formula of M.I of uniform mass distribution about y, z-axis.
(0
g) {
) (2
) (2

marks) Prove that linear velocity v = w x r

]

( marks) Define Equimomental Syatem.
(b
(i

marks} Expression for acceleration in moving system.

marks) If a vigid hody olatgs about a fixed axes with angular velocity w, prove that the kinetic
energy of rotation is T = 5] w? where [ is the moment of Inertia about the axis.

(3) (2 marks) Write down the equilibrium conditions for a rigid body.
Questions with Brief Answers: (3x10=30)
Question L. 10 marks

(a) (5 marks) Find the moment of inertia of solid cone about its diameter.
(b) (5 marks) Find the principal mowents of Inertia of a squaze plate about a corner.

Question 2......... ... ... .. ..., P P 10 marks

(a) (5 marks) A system consist of three particles, each of unit mass, with positions and velocities as
follows:

o= 147, v =2
o = ]+}1. ‘l)zzj

ry = k| vy =ity + k

Find the position and velocity of the center of mass. Find also the linear momentum of the system.
(@) Find the kinetic cnergy of the above system.

(b) (5 marks) Find the angular momentum about the origin.

Question 3..... e e e e e e 10 marks

(a) (5 marks) Show that two equal and opposite rotations of a rigid body about two distinet parallel
axis are equivalent to a translation of body.

(b) (5 marks) State and prove parallel axis theorem.
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Question 1

10 marks

(a) (1 mark) For rotating coordinate systen Centrifugal force is given by
Am@x(@x)) B m{(@xd)x#) C m(w x7)  D. none of these

{b) (1 mark) For uniform mass distribution, product of inertia 3 = — — — — —

A [ffpzydy B - [ [pyzav C. S [ Joayav D. — [ [ [pzzdV

(¢) (1 mark) Angular Velocity is also called — — — — —
A. Angular Displacement  B. Rotation C. Spin D. Angle

(dy (1 mark). Moment of inertia of hoop of mass e and vadins b is — — — - —
A T=b B I=mb C I=mb D [-=m

(e} (1 mark) Radius of Gyration: Py e

A Ifm B Ijm* C. {Ifm)t D (I/m)™

(f) (1 mark) The number of Co-ordinates required to specily the position of the system of one or
more particles, called
A Degree of freedom  B. Position of particles  C. Rigid bodv  D. Translation position

} 4 IO s . T ; . ) S . . : 1
{2) (1 mark) When a body is in rest position or moving with constant velocity, then force reguired
to change the state of motion is called
A. Centripetal force B. Inertia (. Equimomental force  D. Angular Momentum

(h) (I mark) Equation of Momental Ellipsoicl fge - - om oo
A by + ot Iy =0 Boa?+y?+22=2 C I+ Looy? + T332 = 1
D. 11122 4 Ipy?® + Igp2% = 3

(1) (1 mark) w x 7 is called
A. Coriolis acceleration  B. Apparent acceleration €. Transverse acceleration  D. Angular
acceleration

(7) (1 mark) The moment of inertia of a body is always minimum with respect to its
A, Base . Centroidal axis O Vertical axis D, Horizontal axis
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Q.2 {i) Prove that every closed ball B(a;r) in @ metric space (X: d) is ciosed. (4)
(ii) Discuss the N of natural numbers as a subset of real line IR is of the first category. (4)
(iii) Let N be aNormed space and [ be a field. Then show that {4)

(i} The function f: N x N — N defined by _f(x, y): x + y is uniformly continuous.

(i) The function g: F x N — N defined by gl(x, v) = ¢x,¢ is constant, is continuous.

{iv) Show that for any subset A of a Hilbert space , AC A*= . Also show that A~ is a (4)

closed subspace of H .

tv) Prove that the space C[O, T/ 2] is a normed space but not inner product space. (4)

SECTION-II

a.3 Prove that the space /7 is a Banach space. (6)

Q.4 Let T : N — M be a surjective linear operator. Then prove that (6}
(i) 77" existsif and onlyif Tx =0implies x =0
(i) 1f 7' Tis bijective and dim N = n, then show that M also has dimension n.

as | “ e i (6)
Forany a =(a,,a,...a,)€ R" define f,:R" — Rby £.{x)=> ax.xeR" thenprove

= fal}

Q.6 let M be a subset of a finite dimensignai normed space N . Then Af is compact if and only  {6)

that (i) 7, islinear functional {ii) f, is bounded (i) | £,

if M is closed and bounded.

Q.7 Let A be non-empty complete convex subset of an inner product space V, andxeVVA. (6)

e

Then there is a unique y € A such that
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Q.1 MCQs {1 Mark each) 7
(i d{ax, by) =
(a) abd(x. y) {b) ad(x, ) {c) bed(x, y) {d) None of these
(i) tet /:R-> R be defined by )= x' vxeR thenfo
{3) not contiruous
(b} continuous but net uniformly continuous

{c] bothk continuous and uniformiy continuous

(d) None of these

(i) The subset = {Z,S,S.I ... ; of K is - in R with usual metric on 2
{a) Neither open nor closed (b} clopen {c) Closed {d) None of these

i, (F.of Ywith usual metric o on B the boundary of the set 4 = i\-"2,\/ﬁ.\/37} ig -

(a) A (b} & (c) RV 4 (d) None of these
(v} 1n (IR of )with usual metric  on R the dlosure of (1,3)4{2his onmmnee

(a) (1.2} (2,3) (b) [1.2)0(2.3]

() [1,5]) (d) None of these
(vi) f =

Let A= (0,1)c R and o be usual metric on R - Then the sequence § " \f

{a) convergent sequence in A
{b) convergent sequence but not Cauchy
(c) Cauchy secuence but not converges in 4
{d) None of these
(vi[}  tet Nbheanormed space and J N =>» IFbe alinea functional then Keitf = oo

@) ve N f(x =0 B {re V=
(e} {xe N f(x)=0} {d) Nonc of these

(viii) Asubset 4 of 3 linearspace N is convexifforany x, ye dand @+ B=1a>0,520
(ad ax+ fxe 4 by ax+ flve A
{c) cxx - Ll g i {d) None of these

. g 1
(ix) The norm of the linear functional f on ('[— L l} defined by f{x) = J. x (1 dr - ['Y("W"

-1
3] 1 B} 0 {c) 2 {d} None of tnese

(x) For any X, ¥in a complexinner product space v then (x,)-‘) = eeenaans

)]

_-ll” ?x b jr%lz vt!x _v”z ) + i(,!‘x-wyﬂz —:'”,r— i_v"?ﬂ

@ 5[ (b b ) (B o -

(b}

@ [l e el o - ot

(d) None of these
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Q2. Solve the following shert questions (4x5=20)

. : : )
1. Solve the given differential equation Y sec’x —(tanx)y+y® ; y, =tanxbethe

known solution of the given differential equation.

2. Solve xziz;zl--xg)i+y: [n x.

dx dx

Hi+1
3. Prove the identity 4 P(-1)= (=D n{n+1)
: dx 2

4. Define self-adjoint operator and prove that the SL operator is self-adjoint.

(Long Questions) (3x10=30)

Q3. Find the eigenvalues and eigenfunctions of the system

d-%j + A dy
dx * dx

=0, y(0)+ y(0)y=0, y()=0

2\n 2N-n-1/2 22),”1( l)
Q4. . Show that :[(1 =X ) (1= 2xt+17) dx = (2n+1)!

1+ x.
Q5. Prove that P, (x)=(-1)" £ [-n, n+1, L _+_¥.J
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Q1. Encircle the correct choice of the following questions (10)
2
1. The general solution of —4y=0is y=... ...
a) Ae*+Be™” b) A4e® +Be ™™ c) Ae™ + B
d) Ae?* + B
dy
2. The singular points of the differential equation (x* +1)—= Y 2x?im +6y=~Care........
ay 1 b) % c) 0 d) no singular point
3. Eigen values of S-L system are always
b) Real b) complex c) rational d) integral
4. The differential operator that annihilates 4e¢** —10xe®is ..............
a) D* by (D-2) c) D+2 d)D-2
5. For a gamma function, the values of F[%] =
a) Jr b} % Al d) none of these
6. 'The solutions of S-L equation are called the
a} S-L functions b) particular solutions c) eigen functions d)None of
these
dy
7. X" XY =
a,x[ . (x)]
a) nx"'J (x) b) —x7"J ., (x) c) x"J,_(x) d) I, (x)
8 J (0=
F ( )y d) FZ_(cosx +5in x)
g = = ~_~——~cosx —|— ]
a) (s b) \j cosx C)\f \j;zx P
9, P(X)= i
1 2 1 . l 2 _ d
a) o (x" -3 b) E(3,\ 2) c) 5 Gx"=1) )

10. The function y =

a)

%(3)(2 - X)
Ae™* + Be* gives a differential equation of degree

| b) 2 c) 3 d) 4
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SECTION 1

1. V2= %—I} is called : (1 mark)
(a) heat equation for w.
(b) Laplace equation for u.
{c) wave equation for u.

(d) none of the above

2. If {; and ¢z arc two linearly independent solutions of the second order partial differential equation, then

which one of the following is also a solution? (1 mark)
(a) G+ G
(b) G1~ G
{c) G1¢2
. {d) none of the above
3. To convert gy — Sugy + Guy, = 0 into canonical form, we use (1 mark)
(a) £ =224+y,n=3z+y
by £=a+yn=z
(¢) E=a—yn=y
(d) none of the above
4. The heat equation is a partial dilferential equation (1 mark)
(@) liyperbolie
(b) parsholls
(c) olliptic
(d) nono of the above
5. s (i gsunl notngion) {1 mark]

P.T.O.

(d) s



6. An equation relating partial derivatives is called a (1 mark)

{(a) ordinary differential equation
(b} partial differential equation
(¢) none of the above

(d) all of the above

7. The equation (-g—i’—)z +% =0isa {1 mark)

(a} first order equation in four variables
{b} second order equation in four variables
(c) first order equation in two variables

(d) second order equation in four variables

8. 2zpp —dzgy — B2y + 2, =0 s (1 mark)

{a) parabolic
(b) hyperbolic
{e) elliptic

(d) none of the above

9. For %J;'g‘r =59 2€(0,u), t >0, ulw,0) =k, where k is a constant, is called (1 marlk)

(1) boundary condition
(h) iuitial condition
2

{v) stutionary condition

{d}) noue of the above

10, 'j:—% A %& + %éi} = () 15 enllod (1 mark)

(a} hLeat oquation
{b) Laplace equation
(¢} wave equation

(d) none of the above
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Q.2. Answer the following short questions: 4x5=20

(). What is the ill-conditioned linear system? Explain with example.
(i).  Apply Crout’s Decomposition Method to solve the system of equations:

x+4y—z=3, x+2y+z =4, 2x+y+3z=5

(ii).  Prove Lagrange’s Interpolation formula for unequal intervals.

(iv).  Find Eigen values and Eigen Vectors of: [; g]
(v).  Use the Lagrange’s interpolating formula to approximate »/'(3) for the following data:
N I ]2 5

X
Ao 13 112 147

LONG QUESTIONS 6x5=30

13
Q.3. Find an iterative formula to find, (N)mwhere Nis a positive number and hence, find (7) correct
to four decimal places.

Q4. Solve the following system of equations by Gauss’s Seidel Method:
10x; +xy + x5 = 15
Xy + 10x, + x5 = 24
X1+ x; + 10x3 = 33

Q.5. Prove that A"y, = V'y, .,

Q.6. Find the solution of ¢* — x% — 5 = 0 by Newton Raphson’s method.

Q.7. Find the 2" degree polynomial which passes through the points (0, 1), (1, 3), (2, 7) and (3, 13).
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SECTION-I
Q.1 _ MCQs (1 Mark each)

(i) Theset Z, =1{0.1,2,3} under addition and multiplication modulo 4 forms
(a) Division Ring (b) Integral domain  (c) Commutative Ring (d) Field
(i1) The maximal ideal ring in the ring Z of integers is
(a) 7 (b) 77 (c) 47 (d) 62
(i) Which of the following is not a prime ideal of the ring Z of integers?
(a) 27 {b) 37 (c) 72 (d) 42
{iv)  Units of Z{i)are
{a) =1 {b) 4; {c) +1,+/ (dd} None of these
(v) Every oo is irreducible in an integral domain.
(a) Integer (b} Prime ({c) Real number (d) none of these
| {vi)  Aring which is commutative with identity element and having no zero divisor is called
(a) Division Ring (b) Integral domain
(c) Prime Ring (d) nilpotent ring

(Vi) If R & R’ be arbitrary ring ¢ : R — R’ is ring hamomorphism such that

p(ay=a ¥ ae R then Kergh=emmomeeee

(a) R (b) {0} {c) R (d) None of these
{viii) 2z is algebraic over
{a) ¢ (b) R ¢} 2~ (d) None of these

(ix)  if Cis finite extension of R, then [C: R]=--rmereno-
(a)2 (b) 3 (c)4 (d) 5

{x) A ring with non zero characteristic is

() Z by O (c) Z; (d) ZxZ
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SECTION-I
Q1 | | MCQs ( 1x10 = 10 Marks) Time: 20 min R
(i) 641 divides |
a) Iy b) 13 c) £ d) ky
(it) The least common multiple of 60 and N is 1260. Which of the following“
. could be the prime factorization of N?
a)2.3257 b)2°.57 3257 d)2.57  e) NotGiven
(i) i What is the remainder when 3" is divided by 117
1a)0 b) | c) 2 d) Not Given
.ﬁ(—iv) The sum of poéitive divisors of 100 is
a) 217 b)317 c) 417 d) Not Given
(v) The number of primiti?e root mod 31 are
(a) S {by © (c) 7 (d) 8 e)NotGiven
(vi} It 15x+7y = 210, then
! a)x=2,y=5 b)x~7,y=15 c) x=2,y=15 d) x=7, y=16 |
Tvii) [f2 haséxponent 3 mod 7, then 2° has eprnent ﬁ}
(a) |1 (by 3 (¢) 5 (d) 7  e)NotGiven
{viii) If o(n)=2n,then n is called l
[ ) | (a) Composite (b) Perfect (¢c) Prime  (d) Mersenn !
(ix) [f p is a prime number and d is a factor of p-1 then the number of solutions i
of the congruence x“~' =0 (mod p) 1s ‘
a) p-1 b) p - ¢)d-l d)yd
(x) - 7(75) =

L (@) 3 (b)y 4 (¢) 5 (d) 6 e)NotGiven |
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SECTION-I!
Q.2 Short Questions ( 5x4 =20 Marks) Time: 40 min
- -
(i) Find E,,,(13). Thatis, exponent of 13 in 100! (4)
(ii) Prove that there are infinitely many primes. ' (4)
(m) Prove that ¢ (p") = pk — p¥~*, where ¢ is Euler’s phi ffunction (4)
| _
 {iv) By means of theory of exponent, Prove that " p, and "¢ both are integers. (4)
{v) Using indices, Soive the following congruence 7x’ =3(mod11) (4)
Section-Il}
> Long Questions (6x5 =30 Marks) Time: 90 min
Q.3 State and prove Lagrange’s Theorem for the solution of polynomial congruences
modulo a prime number. (5)
Q.4 Define primitive root of an integef: Prove that if « is a primitive root modulo m then
a* is a primitive root modulo m if and only if ged(k,@(m)) = 1. {5)
Q.5 State and prove Wilson Theorem. Apply it to find remainder of 35!
when it is divided by 37. (3+2)
.6 o ! -1 . .
Q Prove that ZM = H[1+ k, £'—-—], where @ is the Euler’s phi function. (5)
din i=| pj
7Q.7 I Let a be primitive root modulo nand b.c beintegers, then shQW that
Ind be = Ind b+ Ind ¢ (mod @(m)). (5}
Q.8 Prove that » =Y ¢(d),n=1 (5) |

L [Nl
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o OBJECTIVE
Q1.Encircle the correct answer — (1x10=10)
I Ay, = e
a) Ay, ~A"'y, b) An‘lyk—l —A”_iyk ) A Yy -~ &y, d) Ay
2 e is the method of finding value inside the given data points .
a) Interpolation b) Approximation ¢) Extrapolation
d) curve fitting
3. Every iSometry i ----------romm-memmmnmoo-
a) One-one - b) Onto ¢) Into d) none of these

4. The value of y when x =10 obtain from the given data points (5,12), (6,13), (9,14),

(1,16)is ...ooeennen
a) 14.66667 b) 10.1235 c)0 d) none of these

5. The operator used in the Gauss’s Forward interpolation formula 1s

> a) E b)o )V d) A
6. The matrix of rotation is

) cos2t sin2i b) cos2t sin2f \ —cos2t sin2t
a o
sin2t  cos2t sin2t —cos2t sin2t cos2t
cost —sint '
1k 1
sint cost |
. ' VY, =mmmmmmmnmmmen oo
a) ¥y~ Vs b} ¥y + s C) Vs =¥, d)None of these
8 L= e e e e
1/2 -1/2 i/2 -1/2
a) E+1 b)A +V of *E ;E oL £
2
d) None of these
9. The composition of reflection and rotation is
a)Rotation b) Reflection ¢) Translation d) None of these
10.  IF y,is a polynomial of nth degree, then its nrh differences are...........

- a)one b) zero ¢} constant d)yn
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SUBJECTIVE

Q2. Solve the following short questions (4x5=20)
I. Let A and B be two points on a circle, and let the tangents to the circle at A and B
meet at P. Prove that AP=IP.

2. Find the missing term in the following table

|.X

1

12

3

| i

5

6

J15)

2

4

E

32

64

128

3. Drive the normal equation for finding the least-squares power fit y = 4x* .
4. Find the least-squares parabola for the four points (-3, 3). (0, 1), (2, 1) and (4, 3).

Q3. Solve the following Long Questions.

1. Prove that Euclidean transformation is an equivalence relation.

(08)
2. Determine the image of circle x* + y* =16, under the transformation of stretching along
along y-axis by factor 3. (07)

. A
3. For the given set of data, find the least-squares curve for f (x) =Cx (08)
X Y
{ 0.6 |
2 1.9
'3 43
4 7.6
5 12.6
4. Define interpolation. Dertve Gauss’s forward interpolation formula. (07)
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Section — I (Short Questions)

Q.2 Solve the following Short Questions. (5 x 4=20)
(i) Definc Newton’s law of viscosity and explain it briefly.
(ii) What is Equation of Continuity in Cartesian coordinates for incompressible fluid?

Convert the same in cylindrical coordinates.

(iiiy ~ Vorticity vector is defined as 7 =V xV. Derive vorticity vector in cylindrical
"~ coordinates for a two dimensional motion (Don’t deduce it from three dimensional
motion).
(iv)  Show that the equipotential lines and the streamlines are orthogonal to each other.

(v)  The specific weight of water at ordinary pressure and temperature is 9810 N/m3. The
specific gravity of mercury is 13.55. Compute the density of water, specific weight and
density of mercury.

Section — II (Long Questions) (3 % 10 = 30)

Q.3 The velocity potential for a certain two dimensional incompressible irrotational fluid flow
IS =x+ % In(x? + y?), by converting it in polar coordinates, evaluate the following:

(1) Stream function (ii) Equipotential lines and Streamlines
(11) Speed and Stagnation points  (iv) Complex velocity potential

Q.4 Explain the flow of a two dimensional vortex in a uniform strean.

Q.5 Derive the Bertioulli’s equation for steady inviscid flow under conservative forces.
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SECTION - I (Objective)

Q.1 Tick the correct option. (1x10 = 10)
(1) In material derivative i—’: = i—}: + V- VH, the term %—}: is known as rate
of change.
(a) Local (b) Convective (c) Stokes (d) Substantial
) (The of a two dimensional source is defined to be the volume of fluid
which emits from it in unit time.
(a) Mass (b) Specitic volume  (c) Strength (d) Velocity
Gi) |A __ represents the type of flow in which the fluid particles move in circular
paths about a central point.
(a) Doublet (b) Source ~_ (¢) Sink (d) Vortex i
(iv) % = u,% = v,— = W represents the differential equation for the lines. |1
| 1 () Stream  (b) Streak (c) Path (D Allof these
(V) The velocity potential function and the streain function are functions.
ﬂ (a) Continuous (b) Orthogonal (c) Conjugate (d) All of these ;
|
(vi) | For describing the motion in fluid mechanics, the method is commonly
| used.
(d) Eulerian (b) Lagrangian (c) Newtonian (d) Archimedes

(vii) | Euler's equation of motion refers to conservation of

{(2) Momentum (b) Mass (¢) Newton’s law (d) Force
(viit) | The Vorticity vector is _

- (a) Rotational ~ (b) lrrotational (c) Orthogonal (d) Solenoidal
(ix) | The reciprocal of density is known as specific .

(a) Gravity (b) Weight (c) Mass (d) Volume
(x) | Pascal-second is the unit of ] viscosity.
(a_)’ Kinematic (b) Dynamic (c) Both (a) & (b) (d) None of these

“ _




