MA8151 - MATHEMATICS -1
QUESTION BANK

UNIT I DIFFERENTIAL CALCULUS

1. Sketch the graph and find the domain and range of each function: (a) f(x) = 2x - 1 (b) f(x)= x2

1
2. Find the domain of each function: (a) f(x)= “J x+2 (b)g (X) = X7 =X

3.Evaluate the limit if it exists

2 2
@lim (B3N =25 iy 4_—\/;2 © lim Y +9) -5
h—0 h X—16 16 X—X X— —4 X+ 4
4. Use the Squeeze theorem to show that IJ—T)[ x2cos 207 X] =0

5. Where are the following functions continuous? a) h (X)= sin( x 2) b) F (X ) =In(1+ cos X)

3
6.Find the equation of the tangent line to the hyperbola ¥ = — at the point (3, 1).
X

y=X
7. Find the equation of the tangent line to the parabola 2-8X+9at (3,-6).
[

8.1ff (X)=X *— X, find a formula for f (x)

9.a) Iff ( X ) = \/;, find the derivative of T .State the domain of f '
1-X
() Find f "if f(X)=="—=
2+ X

10. Where is the function f ( X ) # )4 differentiable?

11. Iff(X)=X3—X, find and interpret  f "( X).

12. Find the equations of the tangent line and normal line to the curve Yy =X \A/,X_at the point (1,
1). llustrate by graphing the curve and the lines.

13. Find the points on the curve Yy =X 4 _ 6 X° + 4 where the tangent line is horizontal.

14. Find a cubic function y = aX 3+ bx 2+ cX +d whose graph has horizontal tangents at the
points (-2, 6) and (2, 0).

15. At what point on the curve Yy =¢€ X is the tangent line parallel to the line Y = 2X?



16. Find an equation of the normal line to the parabola Y = X2 —5X +4 that is parallel to
thelineX—3y=>5, 3

17. Find the equations of both lines that are tangentto curve ~ Y =1+ X  andis parallel
to the line 12x-y = 1.

’

2
18. For what values of x is the function f (X )= X —9 differentiable ? Find formula for f

19. Where is the function f(x=) differentiable? Give a formula for

o

f(x)=x-1+Xx+ I — "

20. A tangent line drawn to the hyperbola xy = c at a point P.
(a) Show that the midpoint of the line segment cut from this tangent line by the
coordinate axes is P.
(b) Show that the triangle formed by the tangent line and the coordinate axes always
has the same area, no matter where P is located on the hyperbola.

21.a.1ff(x)=xe * find T (X)

b. Find the nth derivative £ (X)
cIff(x)=  Xg(X),whereg(4)=2,09(4)=2find f (4) :
X 2 +XxX—-2

’
22.a.Find | ify= —————

3 +6

e* ( e )
b. Find an equation of the tangent line to the curve Y = -t=x— at the point| 1, E |
2
' J

23.Findf (X)iff(x)=tanx,f(x)=cotx,f(x)=secx..

. sin 7 X - . sin(x—=1)
24. Calculate 1. lim 2.limxcotx 3. le—rH'XT"'_XTZ_
Xx—0 4X x>0
. 1-tanx . sin x (1)
4. Ilmw 5. Ilm 6. lim x sin| — |
X_)% x—0 X X—0 L x
25.Find F (x) if
2 _ ) 3 100
(W) F (x)=/x “+1 (Z)F(X)—Sin(xz)(3)F(x):sm X (4)F(x):(x 1)

1 (6)F(x)=(2X+1)5(x3_x+1)4 (7)F(x):e8inx

T

2
(5) F(x)=13X +Xx+1



27.Find the equation of the tangent to the circle at(3,4)
. 3 3
28Find Y if * tY =6xy
(8) F (x) = sin(cos(tan x)) 6Xy at the point (3, 3). Also find at what

2 2 i
26.1(X +Y =25,f1ndg—i

29.Find the tangent to the folium of Descartes X n y 3_
point in the first quadrant is the tangent line horizontal.

e 2
30.Find Y ifsin(x+y)=y cosx
4 4

31.Find Y'ifx +y =16

32. Find where the function f ( X ) =3Xx*'-4x°-12x%*+5is increasing and where it is

decreasing.
33. Find the local maximum and minimum values of the function

g(x)=x+2sinx,0<x<27x
34. Discuss the curve y = X ‘4% with respect to concavity, points of inflection and local maxima

and minima. Use the information to sketch the curve.

23 13
35. Sketch the graph of the function f ( X ) =X (6 — X)






UNIT-II FUNCTIONS OF SEVERAL VARIABLES

PART A
(1) Find  dyif x, +y, =1
dx
(2) Ifu= |(___| prove that X 6_u+y6_u+zau 0
\y z x) ox oy oz
ow ow ow
(3)IfW=f(y—Z,Z—X,X—y)thenshowthat —+E+a——0

(4) Given the transformation U=€*C0SY & V=€*SiNY and that fis a function of u and v and also
621 0af (02f &f)
( Uz2+4+Ve )

of x and y, prove that —z+—r | —+— |

ox \ou ov )
(5)lfzisafunctionofxandywhere X=e'+e'&y=e"-e"prove that

aZ-aZ: a_Z_ 0z

~ — X z—

ou ov ox 0oy

(6)IfU=(X—Y)f|(_y\|thenfind Xza&+2xyazu+yzaz_u
\ x) OX 2 Ox0yoy:

(7) 1. Expand ¢ X cos y in powers of X and Y as faras the terms of third degree.

PART B

1. Find the Taylor’s series expansion of X’ near the point (1, 1) up to the second degree terms.
2. Find the Taylor’s series expansion of € x Sin Yy near the point (-1, — uptoth i dogrs

terms.
3. Find the Taylor’s series expansion of X 2y 2+ 2x %y + 3xy ‘in powers of (Xx+2) and (y—1)
up to the third powers.

1 1
4. Using Taylor’s series, Verifythat|Og(1+X+y)=(X+y)—E(X+y) + —3(x+y) —

5. Expand e*log(1 +Y) in powers of X and Y up to the third degree terms using Taylor’s

theorem.

4
6. Expande ”cosy at (0, E) up to the third term using Taylor’s series.



7. Obtain the Taylor’s series of X * + Yy *+ Xy in powers of x—1 and y — 2

8. Expand sin(xy)at (1, Z ) up to second degree terms using Taylor’s series.
2

9. Expand €*siny in powers of X and Yy up to the third degree terms.

. /4
10. Expand sin(xy) inpowersof X-land y- 5 up to second degree term by Taylor’s

theorem
a(x.y) o(r,0)_,
o(r,0) a(x,y)

(8) If x=r cos@andy=r sind, verify that

o(x,y,2)
9.Ifx=rsin cosg, y=rsin @sing and z=rcosd,find d(r, 4, d)
2 2 : o(u,v)
10 Ifu=2xy,v=X “—Yy°,X=rcosé andy=rsind ,compute :
o(r, )
X X, X, X X X
11 Find the Jacobian of y1,Y 2, yswith respectto Xi, X2,X3if y1 = ;( VY o="y ' ,y3=)1( 2
1 2 3
ox,y,z
12.1fX+Yy+z=U ,y+Z=UVand Z=UWW find (—Y)
o(u,v,w)

13. Discuss the maxima and minima of f (X, y)=x *y*(12 - x —y).
14.Find the extreme value of the function f(X,y)=x* +y’-3x-12y+20 .

15.Examine f (X,y)=x°+3xy* —=12x *~ 15y’ + 72 X for extreme values.

1 1
16. Investigate the extreme values of the function f(X,y)=X* +Xy+y + ~ + —y .

17. Discuss the extreme values of the function ~ f(X,y)=X2=2xy+y “+ x°-y® + x" at the

origin.
18. Identify the saddle point and the extreme pointsof f(X,y)=x‘—=y‘=2x*+2y?

19. A rectangular box, open at the top, is to have a volume 32CC . Find the dimensions of the box, that
require the least material for its construction.

20. Using Lagrange’s multipler method, determine the maximum capacity of a rectangular tank, open

at the top, if the surface area is 108m 2
21. Find the maximum value of X"y"z"when @p=X+y+z-a.

22.Find the maximum value of X°yz* subjectto2x+y+3z=a



23.Find the maximum and minimum of X % + y 247 subject to the condition ax + by + cz=p.

24. Find the shortest and the longest distances from the point (1, 2, —1) to the sphere
x2+y%+22 =24.

25. Find the volume of the greatest rectangular parallelepiped inscribed in the ellipsoid whose

X Z
2 Y2 %o _4

equation is o
a? b? c?

26. Find the length of the shortest line from the point (0, O, 9) to the surface z = xy .

27. Find the extreme value of X >+ y 2tz ‘subject to the condition X +y+z=3a.

28. The temperature T atany point (X, Y, z) in spaceis T = CcXyz’ , where C is a constant. Find the

highest temperature on the surface of the sphere X ‘4 y ‘y2°=1.






UNIT III INTEGRAL CALCULUS

PART A
1. For the region S bounded by y = x2, x = 0, x = 1 and x-axis, show that the sum of the areas of the
upper approximating rectangles approaches to _1 d.e. IIMR = i .
3 n—w n 3

2. Let A be the area of the region that lies under the graph of f(X)= e X between x = Oandx= 2.
a) Using right end points, find an expression for A as a limit.
b) Estimate the area by taking the sample points to be mid points and using four
subintervals and then ten subintervals

n
3.Express lim Z( X 3+ X sin X i JAX as an integral on the interval[ 0, z] .
N—o ;
i=1

3
4. Evaluate the Riemann sum for f ( X) =X~ —6X taking the sample points to the right end points
and a=0, b=3 and n=6.

3

5. Set up an expression for j e*dX as a limit of sums
1

6. Evaluate the following integrals by interpreting each in terms of areas:

a)lf\fl—xzdx b)J(Sx—l)dx

2
1
7. Use the Midpoint Rule with n = 5 to approximate -'— .
1

10 8 8
8. Itisknownthat_[ f(x)dx=17 andJ‘f(X)dX=12’ﬁnd .[ f(x)adx .
0 0 0

9. Using properties of definite integrals estimate Il e~ *2dx.
0

10. Find the derivative of the function g (X ) = IX +tdt
0

dx2

1154 &Il sectdt



3

12. Evaluate the integral _[e xdx

1

13. Find the area under the cosine curve from 0 to b, where 0 < b <

T

2

Use Part I of Fundamental Theorem of Calculus to find the derivative of the function

a)g(x)=Jw/1+sectdt

1
b) y= '

sin x

ﬂ'

3
14.Evaluate the integrals: a) Isec 6dé b) _[ \/; dz

T
c) I f(x)dx ,where
0

15. Evaluate the following:

1. (200 “ - 2sec?x ) dx

4_[[2x3 Bx+_ \dx
X +1)
3
7. J20|sin x‘ dx
a4(1+\/_\
U

12. (x10 110 )dx

sinxif0<x< 5”

. T
cosxifif —<x<~x

[
f(x)=:{
|
L 2

_[cosé’ do
sin @

of 2t 4+ tz\/t-—l)
JL—Z )|dt
. t

o ) (4 )i

1

11. X(

13. H%( —1‘dx

0

\/_ )dx

1

u
1+t2dt ©) y= ) Yo,

3X1+u

J

3. (x * _bx )dx
2
6) 2 x~1dx
0
10 X
9, ) 2¢ dx

1o Sinhx + coshx



16. Evaluate:
1.J.x3cos(x4+2)dx

,[e‘r’xdx

4
7.J. 2 x+1 dx
0

t t
10-bm6m

13. j dx
1-x?% sin'x

—

2
16. Jcos X sin (sin x ) dx
0

1
19. .[Xz +a ,0x

17. Evaluate:

2

1. j(xs +1)dX

-2
74

3. J (Xs+X4tanx)dx
|

18. F7valuatel. X sin x dx
4.I e *sin x dx

PART B

2-.[ 2 X +1 dx

5. 1o xf X0

2

8\./'[—dx

1(3—5X) 2

J' dt
17. cos’t 1+tant

1
20. .[ az —\)gde

| I
J’ tan x

2. dx

7L+ x2x’

7[3
4. Jx"’sinxdx

[

2.Inx/dx

2

t
3.t edt

S.Itan‘lxdx G.I(x2—2x)cosxdx

19 Obtain the reduction formulas for the following

1.J sin " x dx 2.,[ cos " x dx

4.jx“exdx S.I(Inx)”dx

3._[ tan" xdx

7. I XCOX7zXdX 8.

A

2
18..[X X =1 dx
1

J

Nl =

0 Iny
I dy

0 s Y

e



/4

J
2. sin"xcos xdx 3. sinxdx &) sinexdx 5] tan s xsec xx

jl—tan 2x _[

6.I tan s x sec7 xdx 7._[ sec XdX 8. Teac x OX 9. xtan dx

20. Evaluate:l.J. cos® X dX

T

T

10. IfJ.4 tan ® x sec xdx =1, express the value of j"’tan 8 x sec xdx in terms of I
0 0

= J j

21.Evaluatel.

dx 2. Jaz—xz2dx 3. 1 dx 4__x dx
X ! Y X Ax+4 NS
33
2 X3 5
5'J[_x2-a ' (a>0) 6-.[ wax —ETdX
2 0(4x2+4)?

[

8——%——dx a) by trigonometric substitution b) by the hyperbolic substitution x= asinht.
(X:+az )2
3 2 4 2 —
_[x +X J Xt +2x-1 I X 4 x _py tAX-Llo
22.Evaluate 1. x—1 dx 2.2y +3X —=2Xx dx 3.x —a - J X 3— XZ—X-I-l
2 2 2 3
52X —x+4dx 6. 4X_—=3x+2dx 7.1=x42X —x dXx J x|
I x3+4 Vax2—4x+3 Iy (x2+1) 1 —cosx

1
23.Determine whether the integral OO,[ ‘dx is convergent or divergent.

X

1

0
24. Evaluate ,[ xe x dx
t

0

J 1
25.Evaluate J ——dx
1+x

1
26. For what values of p is the integral Iw_p dX convergent?

X
1

27 FindIS—ldx
' N X =2

10



1
28. Find J—dx

S NX—2

3

29. Evaluate -'
0

,if possible
Xx—1

30.Evaluate J In x dx
0

g2
31.Showthat € " dXis convergent.

1+e
J 4dX is divergent

32.

34. Determine whether each integral is convergent or divergent. Evaluate those that are

convergent

| dx 0 1 ]D T X 2
%, J -5p 2) 2 dx
2 7, % _w—dg_“ X 3. e >Pdp

© 2 3
X nx dx 1
5. ) 2 sdx 6. J—dx 78 P S 8] S o ) {
94X X o X —6x+5 [ x(1+x)
35. Use the comparison theorem to determine whether the integral is convergent or divergent.
2+e” 7 sin” x
1 J 2 dx

o

11



UNIT IV MULTIPLE INTEGRALS
PART A

1. Evaluate the following:

L. ”ny(x+y)dxdy

0 x

) nI/Z sinj‘e rdodr

0 0
log 2 X X +y

3. J .| J ex+y+z dX dy dZ

000

iiﬁfﬁ&:ng dx dy dz
0

0 ! \/l—XZ—yZ—ZZ

PART B

2. Evaluating the given double integral over the given plane region :

Problems:

1. Evaluate H (x —y) dx dy over the region bounded by the line Y = X and the parabola
y=x*

e -y
2. Evaluate ”— dx dy where R is the region bounded by the lines X =0, x=yandy=o0s
R

Evaluate 'ny dx dy over the positive quadrant of the circle X 2 + Yy 2 = a2 .

4. Evaluate °° x dx dy over the positive quadrant of the circle X = 2ax+y °=0.

5. Evaluate °% (x 24y ?) dx dy over the region bounded by the parabola y ’=4x and its latus

rectum.

w

- Evaluating the given triple integral over the given solid region:

=

J‘H dz dy dx
. Evaluate x+y+z+1)° where V is the region bounded by
\%
x=0,y=0,z=0andx+y+ z=1.

. Find the value of I Xyz dx dy dz through the positive spherical octant for which
X,+y,+z2,=a,

N

. Evaluate ”.[XZ yz dx dy dz taken over the tetrahedron bounded by the planes

w

x=O,y=O,z=Oand5+1+E =1.
a b c



12



4. Change the order of integration and evaluate:

Problems:

1.Ilojlﬁ dx dy
y

2x—~x 2

2 U ey dy dx
0 0
12-x

3, Jnydydx

0y’

4. izf dx dy

1 2y
a 2a—Xx

5. J Ixy dy dx
0 xz2/a
3 6Ix

6. X 2y dy dx

5. Problems:
1. Find, by double integration, the area enclosed by the curves Yy 2= 4ax and X ’= day
2. Find the area between the curvesy2 = 9x and X 2 gy .
3. Find the area between the curvesy2 =4ax and x + y = 3a.

2 2
4. Find the area enclosed by the ellipse a—2+ b2 = 1 using double integration.

5. Find the area common to the parabola Y 2 =xandx 2+ y 2=2.
6. Find the area bounded by the parabola y2 =4—-Xandy = X by double integration,

7. Find the area between the circle X *+ y ?=a’and the line x + y = a lying in the first
quadrantﬂby double integration.

8.Evaluate (Y +2z-2) ds where Sis the part of the plane 2x + 3y + 6z = 12 that lies in the
S

positive octant.

9. Evaluate ” 73 ds where S is the positive octant of the sphere X 24 y 24172 =a°

S

13



10. Evaluate ” y(z + x) ds Where Sisthe curvedsurface' of the cylinder X, +Y, _ 16that lies
s

in the positive octant and that is included between the planes z =0 and z = 5.
11. Find the area of the cardiod r=a(l + cos 0)

12. Find the area enclosed by the curve I' =2 2€0S 20 by double integration
13.Find the area inside the circle r =asin@ and lying outside the cardiod r=a(1 —cos 0).

14. Find the area that lies inside the cardiod r = a(1 + cos 0) and outside the circle r = a, by
double integration

15. Find the area that lies outside the circle r =acos 0 and inside the circle r=2acos 0

16. By transforming in to polar coordinates evaluate the following double integrals:

Xy
1. I ] dxdy  taken over the annular region between the circles X 24 y 2 =4 and

X2+Y2
X2 +Y2 = 16 .2
P H
2. e ®)dxdy and hence evaluate [leowax.
00 0
aa XZ
3. ”— dx dy
e (X2 +y2)%?
Zaﬁax—x2

) ) X dxdy
. x2+y2

;

2 2

5. e~ ) dx dy

0 0

T dx dy
6J.J. 2 2 2\ 32

o @+xt+y?)

14



UNIT V DIFFERENTIAL EQUATIONS
PART A

. - Problems on higher order linear differential equations with constant coefficients:
. Solve: (D2-3D+2)y = 2ex + 2 cos(2x + 3)

. Solve: (D2+3D+2)y =sinzx + x2 + 2x + 7

. Solve: (D2+4)y = cos3 x

. Solve: (D2+5D+4)y = ex sin 2x

. Solve: (D2+4D+3)y = 6 e-2x sinx sin2x

. Solve: (D2-2D+1)y = 8 x ex sin x

. Solve: (D2+ az2)y = coshax

2

4 3 2 X
.Solve:(D +6D+ 11D +6D)y=206 sin x

PART B
. - Problems on method of variation of parameters:

. Solve: (2D2+8)y = tan2x
. Solve: (D2+ az)y = secax
. Solve: (D2+ 4)y = cot2x

. Solve: (D2+ 1)y = cosecx

=X

e
.Solve: (D2+ 2D+ 1)y = —
X

. Solve: (D2+ 1)y = x sinx
. - Problems on linear differential equations with variable coefficients:

. Solve: (x2 D2 - 2xD -4) y = x2 + 2 logx

d?% , 1dy_ 12logx
.Solve — +——I=
VI X dx X’

2
. Solve x 22—2_3Xj_y+4y:)(2|ogx
X X

. Solve: (x2 D2-xD +4) y = x2 sin( logx )

. Solve: (x2 Dz + 3xD +5) y = x cos( logx )

2
d—y+4xd—y+2y=x2

dx 2 dx X

1
T2

.Solve X 2



2d2y dy 2

7. Solve — —
(3x+2) dx?+3Bx+2)dx —36y=3x+4x+1

2
8. Solve (X+1)2d_y+(x+1)d_y+y=4cos log( x +1)
dx dx

2

4. - Problems on simultaneous differential equations with constant coefficients:

dy

LSolvedx+2y= 2t'a_2x=c052t.

dt
2.Solve (D+2)x- 3y=t-3x+ (D +2)y=exwhere D =d/dt

3.Sove: dx=3x+ dy
X gy Y - x_3
dt Va7

16



