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SECTION-I 

Atuempt any four questions from Section - I 

L RY " 
I. If y= cos(msinlx), show that 

(1-r)yn+2- (2n+ 1)* yn*1-(m* - n*) ya=0. 

Kaik Kaik Delhi 
New 2. Shuw that in general the graph of function 

fx) = +bree 
rxsx+t 

has y=as a horizonual asymptote and that when br * as,the graph will cross ihis 

asymptoteat the point where x = 

br-as 

3. Find all values of A and B such that lim--o 36 

4. The total cost (in dollars) of manufacturing z units ofa comnodity is 

Cx) = 3x?+ 5x+ 75 

At what level of production is the average cost per unit the smallest? 

At what level of production is the average cost per unit cquals the marginal cos? 
(i) 
(Li) 

S, Sketch the curve r= 2 cos 30 in polar coordinaies. 

P. T. O. 

L 
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Section -11 

Attempi any fowr queslions from Section l1. 

Evaluate: sin's cos'ads 

Find the arc length of the curve y = 3x"-I from x=0 to x=l 

Derive the formula for the vokume of a sphere of radius r. 

Find the area of the surface that is generated by revolving the pornion of the curve 

=y between y-0 and y=l about y-axis. 

Find the volume of the solid generated when the region between the curves y sin x. 10. 
ycos x, x 0. x= w4 is revolved about x-axis. 

Sectioa Il 

Atiempt any three questions from Section 1l. 

1. Describe the graph of the equation 9x +4y +18r-24y+9=0 

12. Find an cquatios for the ellipse with foci (1. 2) and (1, 4) and minor axis of leng1h 2. 

13. Show that graph of the equation 

v+y= 1 
is a portion of a parabola.

14. Find a polar equaion for the ellipse that has its focus at the pole, directrix to the right of 

the pole; a =8;e = 

Section IV 

Atiempt any four questions îrom Section IV 

15. Find the tangent vector to the graph of the vector function 

F(0 e2+(t- 1uj+ tin t); at the points: 

t0.2,t0.5.1 1. 
16. Find the position vecior R(t)of a moving particle if its acceleration vector is 

A( t1-2vE)+*E
initial position R(0-t +2 J and initial velocity V(0)=0. 

17. A boy standing at the edge of a clisf throws a ball upward at an angle of 30" with the horizontal axis and an initial speed of 64 ft s. Suppose that when the ball leaves the boy's hand, it is 48 fi. above the ground at the base of the cliff. What are the time of flight of the ball and its range? 

1 The velocity V S-l +2E and the acceleraion A1-7k ofa moving object are given. Find the normal and the tangential component of acceleration of the object that instant.

The position vector ofa moving body is R() -2t1-t tor 120.Express R and the velocity vector V(C) in terms of unit polar vectors and 
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Attempt any three parts from each question. 

QI (a) If x>-1, then prove that (1+ x)" 21+ nx, Vn eN. 

(b) Prove that there does not exist a rational number r such that r? = 3. 

(c) Consider the function f defined by 

2x+3x+ for 2 Sx S 3 
2x fx) 

Find a constant M such that |f(r)| M. V 2 srs 3. 

(d) Define infimum of a set. Prove that a lower boundt of'a non-empty setS in R is the 

intimum ofS if and only if for every e > 0, there exists an s ¬ S such that + e>s 

Q2 (a) Prove that there exists a positive real number x such that x* = 2. 

(b) Define cluster point ofa set. Also, prove that a subset of' 'R is clused if and only if it 

contains all of its cluster points. 

(c) Using the definition of limit ofa sequence, 
show that lim ( 3. 

(d) Define a convergent 
sequence. 

Show that every 
convergent Sequence is bounded. Give 

an example to show that converse is not true. 

Q3 (u) Ifo <b< 1. then show that limb" = 0. 

P. T. O. 
(b) State und prove 

that 
Monotone 

Converyence
Theorem. 

SH 

ABAND 
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(c)Let X = (x,) be u scquence ol' reul numbers that converges to x und suppose that 

20. Then. prove that the sequence |/x,} of positive squure roots converges and 

im (,)= v. 

(d) Let fx,) be a sequence of real numbers such that x1 = l and xn+1 = 2x,. for n EN. 

Show that the sequence (x,) is convergent. Also, find lim (xn). 

Q4 (a) Prove that a sequence of real numbers is Cauchy if and only if it is convergent. 

(b) Show that the sequence (z,) given by 

is convergent. 

(c) Prove that

ar if < 1. 

(d) Check whether the following series converge or diverge. 

n=0 

Q5 (a) Sate ratio test for the series of real numbers. Also. give examples in which test applies 

and test fails. 

b) Show that the series En=0converges. 
(c) State Leibnitz test for alternating series. Also, give an example of each (with 

justification). 

() convergent series 2no Gn for which 2n=o diverges 

i) a divergent series Eno4 for which Eno 4 converges. 

(d) Determine which of the following series converge: 

P 

1 
n logn 

(-1) n! (i) 
2 

n0 

100 
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All six questions are conpulsory. 

Attempt any two parts from each question. 

(6) 
1. a) Compute the product using the polar representation of complex number 

+3i) (2/3 +2i). 

b) Find zl and argz for (6) 
z =(1+ v3i) (1- V3i)". 
z0-2 + 1=0, (6) c) Solve the equation 

(6) 
a) For a,bE 2- [0}, define a-b if and only if ab>0. 

Prove that defines an equivalence relation on Z - {0) 

ii. What is an equivalence class of 5? What is an equivalence class 

of (-5)? 

b) Given natural numbers a and b show that there are unique non negative 

integers q and r with 0Sr<bs.t. a = bq + r. 

(6) 

(c) Let A={x¬R | x*2 and B={x ER | x«1} 

Define f:AB and g:B-> A by 
fx) and g(x)i 

(6) 

2x 

Find f(x). 
(i) Are fand g inverses? Explain 

ii. 

a) For every pósitlve integer n prove that a set with exactly n-elements has 

exactly 2" subsets (counting the empty set and entire set). 
(6) 

P.T. O. 
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(6) b) Show that if A and B are countable sets then so is Ax B. 

(6) c)Ifasb (modn) prove that ged (a,n) = gcd(b.n). 

(6 
a) Let 

8 

Detemine if b is a linear combination of the vectors formed from the 
columns of the matrix A. 

6 b) Find the parametric solution of the linear equation 
matrix is 

hose augmented 

c) Detemine if the columns of the following matrix fom a linearly 
independent set. Justify your answer. 6 

5. 59-2 
tb a) Finda basis for the null space of the Maria| 6 5i 12 

3 4 83 

6 2|.Is B=.)a basis of H = Span .. 
b) Let- 

Determine ifr is in H and if it is, find the coordinate vector of relative to B. 

6 c) Find the inverse of the Matrix A=| , if it exists. 

40 
6 

)Le A|-2 o|Find a basis for the coresponding eigenspuce for the -20 
eigenvalue2. 

b) Find the characteristic equation and eigenvalues of A- and 6 
discuss l. 

c) ls 5 un eigenvalue of A«| 

100 
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QI.a) Suate and prove Gauss diiergence theorem of veetor calclus. 

(.6) 

(b) Wh2it are polar veciors' Gie lwo esamples ol polar vectors. 

(2.1) 

(c) Given 1s i Vector quanut. Prose ihe lolfoWIng vector identities: 

(V.(V A) = 0 

(2) Ax(8xC)+ Bx(C'x .)+C'x(Mx B) = (0 (2.2) 

02. (a) What are conservalive lorCes" ilte tmo examples ol conservalive lorees. 

(b) Stae and prOve work cnergy theoren 

2.5) 

OLLEG 
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(c) Two arucles o masses 40and 0u ite moi g opposile 1o cach other with speed 21m/s 

and ms1espeetinely. on a slranght lne. Ihey collide clastically in one dimension. F nd the 

kinetie energ of each of them atier collist1 

4) 

Q3. (a) Prove the lan of conservation of angular momentun? Give two suitable examples 

where lan holds good 

(3.3) 

(b) A solid cylinder of mass 100g and radius Acm is rotating about its own axis. It completes 

20 revolutions in 2 minute. calculate its BANDA ANDHO 
OLLEGS GOLLEG Moment of inertia 

2) Angular momentum. nd 

(3) Rotational kinetie energy 

LIBPRY 

w Da 

Nex (2.2.2) 

(c) What is non-inerlial frame ol relerence and pseudo forces? 

(2. ) 

Q4. (a) 1Detine danping factor in oscillations? Give one example of damped oscillation. 

(1. 1) 

(b) Write the differential equation for a damped harmonic oscillalor. Solve the differential 

equation for its displacement for under-damped condition only. 

(3.5) 

(c) What are Lissajous figures? C ompule (graphically or analytically). the result of two 

simple harmonic vibrations ol same amplilucdes and al ight angle to cach other when their 

frequencies are in the ratio ol 1:1 for phase dilference ol (a) 0 (b) and (c) 

(2.3) 

Q5. (a) Describe with necessry ihcory. the Young's double slit method of detemining 

wavelength of monochromalic lighi. 

(8) 
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(b Iwo glass plates enciose a nedge shaped au lim. touching at one edge and separated bya 

WIre of o imm diameter at a distance 10cm rom the edge Film is illuminated with 

monochromatue light of wave length 5000A. Calculate the fringe width. 

(4) 

(c) What ane the essential conditions for obtaining sustained inlerlercnece 

(3) 

Q6.(a) Dilierentiate between Fresnel and Fraunhoffer diffraction. 

(4) 

(b) Oblàin analyically. the intensity relation for principal max ima of ditfraction pattern due a 

plane transmiss10n eraung 

(8) 

(c) A parallel beam of monochromatic light of wave length 5893A is incident perpendicularly 

on a single slit of width 0. I mm. Calculate the angular width of central maximum. 

(3) 

Q7. (a) Deseribe construction and working of Nicol prism to obtain plane polarized light. 

(4. 4) 

(b) Differentiate between quarter and half wave platesS. 

(4) 

(c) How one can distinguish between circularly and ellipticaliy polarized light 

experimentally? 
3) 

-X4 
BRARY 
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All the sections are compulsory. 2. 
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i New 3. All questions carry equal marks. 

4. Use of non-programmable scientific calculator is allowed. 4. 

Section - I 

Altempt any four questions from Section 1. 

1. If y = cos(m sinx) then show that 

(-x*)y,+2 - (2n + I)xy,., t (m- n*)y,= 0.

P.T.O. 
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x-X by finding intervals of Sketch the graph of f (x) =- 2. 
x-3 

increase and decrease, critical points, points of relative

maxima and minima, concavity of the graph and inflection 

points. 

3. Find the horizontal asymptote to the graph of the function 3 

fx)=xsin-l, 1 
6x X x 

A carpenter wants to make an open-topped box out of a 4. 

rectangular sheet of tin 24 inches wide and 45 inches 

long. The carpenter plans to cut congruent squares out 

of each corner of the sheet and then bend and solder the 

edges of the sheet upward to form the sides of the box. For

what dimension does the box have the greatest possible 
volume? 

Sketch the graph of the curve in polar coordinates 5. 
r= 1 - 2 sin 0. 

Section- II 
Attempt any four questions from Section-Il. 

6. Find the reduction formula for sin" x cos" xdx where m, n 

being positive integers and hence evaluate sin x cos° x dx. 

0 
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7. Find the volume of the solid generated when the region 

enclosed by the curve y= yx, y = 3, and x = 0 is revolved 

about the y-axis. 

8. Find the volume of the solid generated when the region 

enclosed by the curve y =x* + 1, y = x, x =0 over the 

interval [0, 3] revolved about the x-axis. 

Find the arc length of the parametric curve x = sin 2t, 9. 

y cos 2t for 0<t 

10. Find the area of the surface generated by revolving the 

curve y=x', 0 sxS1, about the x-axis. 

Section - III 

Attempt any three questions fronm Section-III. 

11. Find the equation of a ellipse with foci at (2, 3) and (2, 5) 

and vertices (2, 2) and (2, 6). 

12. Find the foci and equation of the hyperbola with vertices 

(0, +2) and asymptote y = + 2x. 

HBAND ABANDA 

L 
COLLE U COM 

Describe the graph of the equation 
16x2 9y2 - 64x - 54y + 1= 0. 

13. 

LIBRARY m 

P.T. Kalkail Naw De 
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14. Trace the conic 9x - 24xy + 16y2 - 80x - 60y + 100 0 by 
rotating the coordinate axes to remove the xy term. 

Section-IV 

Attempt any four questions from Section-IIV. 

15. A particle moves with position function 

F(t)- (t Int)i+ (sin t)j + e'k. 
Find the velocity, speed and acceleration of the particle. 

16. A shell is fired with muzzle speed 150 m/s and angle of 
elevation 45° from a position that is 10 m above the ground 
level. Where does the projectile hit the ground and with 

what speed? 

17. Find the tangential and normal components of acceleration 

of an object that moves with position vector R(t) = (ti, 1, t). 

18. An object moves along the curve 

sin 6 and 0 = 2t 

Find its velocity and acceleration in terms of unit polar 

vectors u, and ug 

19 Find the curvature and radius of curvature of the twisted 

cubic for a curve 

r()= {t, ,t) at a general point and at (0, 0, 0). 

(3000) 
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2. All Six questions are compulsory. Delhi 
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3 Do any two parts from each question. 

1. (a) Find all complex numbers z, such that |z] = 1 and 

(6) 

(b) Find the fourth roots of unity and represent them in the 

complex plane. Show that they form a square inscribed 
in the unit circle. (6) 

P.T.O. 

Kalkal 
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(c) Solve the equation 

z+iz3 + i - 1 = 0. (6) 

2 (a) For a, b e Z, define a ~b if and only if 3 a +b is a 

multiple of 4. 

1) Prove that ~ defines an equivalence relation. 

(i) Find the equivalence class of 0 and 2. (6) 

(b) Let denote an equivalence relation on a set A 

and aeA. Prove that for any x¬A, x ~a if and only 

if x = a, where denotes the equivalence class of 

X. (6) 

(c) Show that Z and 3Z have the same cardinality. (6) 

3. (a) Using Euclidean algorithm find g.c.d [1004, -24) and 
express it as an integral linear combination of the given 

integers. (6) 

(b) Find (1017)12 (mod 7). (6) 

(c) Using Principle of Mathematical Induction, prov 
that for every positive integer n, n3+ 2n is divisidi 
by 3. (6) 
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4. (a) Find the general solution to the Iinear system whose 

augmented matrix is 

ANDHU ANDHU 

LLEC CO 
10 2-3 2 
1 1 1 2 -3 3 L 

A 
2 10 2 -3 4 
4 3 1 1 -9 9| 

aLIBRARY 

aii N 

by row reducing the matrix to Echelon Form. Encircle 

the leading entries, list the basic variables and free 

variables. Write the general solution in Parametric 

Vector Form. (6%) 

(b) Define Linearly Dependent Set. 

3 
V,=-5 

4 
Let v, =|-1 for what value(s) of 

10 h 

h, the set {v,, V2, V3} is 

) Linearly Independent 

ii) Linearly Dependent. (6%) 

P.T.O. 
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2 
(c) Let ,0v= 2. v =0 

Do the vectors v,, V2» V3 Span R$? Justify. Hence or 

8 
otherwise express v=|4| as linear combination of 

(6%) 

5. (a) Boron sulphide reacts violently with water to form boric 

acid and hydrogen sulphide gas. The unbalanced equation 

1S 

B,S,+H,0 > H,BO,+ H,S 

Balance the chemical equation using the vector equation 

approach. (6%) 

(b) Let T: R2 > R? be a linear transformation such that 

T first rotates through-radians in the anti-clockwise 
2 

direction and then reflects through the line x, = X,. Find 

the Standard matrix of T. (6%) 
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(c) Let T: R2 > R' be defined as T(x1, x,) = (x,-X 
2x,+ x) be a linear transformation. Prove that T is 
invertible and find a rule for T-1 (6%) 

OHU CO 6. (a) Let 
ABAND 

1 -1 5 
A = 

-3-5 3 

-71 LIBRARY 
2 7 and u = 3 

Kal alkaji, Ne Deih 

NewD 

Is u in Nul A ? Is u in Col A? Justify each answer. 

(6%) 

(b) () Suppose a 4 x 7 matrix A has three pivot columns. 

Is Col A = R3? What is the dimension of Nul A ? 

Explain your answer. 

for R2. If 
i) Consider the basis B= 

-1 (3%,3) .find the vector x. 

(c) For the matrix given below, find the characteristic 

cquation and the eigen values with their multiplicities. 

Also, find a basis for the eigenspace corresponding to 

any one of the eigenvalues. 

P.T.O. 

OLEG OLLEG OvGHS HS 
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1 5 
-4 7 -5| 

01 2 

8 0 

0 
A 

0 
= 

(64) 
0 0 0 1 

(3000) 
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