2023
B.A./B.Sc.

First Semester
CORE -1
MATHEMATICS
Course Code: MAC 1.11
(Calculus)

Total Mark; 70
Time: 3 hours

Answer five questions, taking one from each unit.

UNITH

KSCJ/ESE/NOV-23

Pass Mark: 28

1. (a) Findthe first derivative of the following withrespecttox  2+2=4

(i) tanh™ (%j

(i) logsinh ( X+ cosh’ X)
1 -1

(b) If ym 4+ ym =2x, then prove that

(X =1) Yy, +(2n+1) Xy, + (0 =)y, =0,

(c¢) Find the horizontal and vertical asymptotes of the function

X =2
f(x)=
(x) | |+1°
d’y
(d) If x=1log¢ and y=¢* -1, find v

2. (a) Consider the function f(x) = x*—5x3+ 9% Find

(i) Theintervals on whichf is increasing,
(i) The intervals on whichf is decreasing,
(iii) The intervals on which f is concave up,

(iv) The intervals on which f is concave down, and

(v) The X-coordinates of all inflection points.

1x5=5



3
(b) Find the n™ derivatives of y =

.Also, provethatatx=0 5

X* —
B 0 , when nis even
Yo = —(n!) ,when nisoddand greater than1
(c) State Leibnitz’s theorem and use it to find the third derivatives of the
function y = e*log x. 1+3=4
UNITHI

3. (a) Give a graph of the polynomial f(x) = 2x3—3x?—36x + 5and label
the coordinates of the intercepts, stationary points, and inflection
points. 5
(b) A rectangular plot of farm land will be bounded on one side of a river
and on the other three sides by a single-stranded electric fence. With
600 meters of wire at your disposal, what is the largest area you can

enclose, and what are its dimensions? 5
1
() Find 1im£8m ij. 4
Xx—0 X
4. (a) Sketch the curve in polar coordinates 1> =4 cos 20. 5
(b) Itis projected that t years from now, the population of a certain
country will be P(t) = 50€”%! millions. 3+2=5
(1) Atwhatrate will the population be changing with respect to time
10 years from now?

(i) Atwhat percentage rate will the population be changing with
respect to time t years from now?
(c) Trace the graph of

Cycloid: x=2(0+sin8),y=2(1-cos8),- <0 <1 and indicate
the direction of 6 increasing. 4

UNITHII
5. (a) Derive the reduction formula for J. cos" xdx and evaluate

IOA cos" xdx. 5



(b) Use washer method to find the volume of the solid that results when

the region enclosed around the curve y=+/25—x* andy=3is
revolved around the X-axis. 5
(c) Show that the total arc length of the ellipse X = acost,y= bsint,

0<t<?2r fora>b> Ois given by 4aj0%\/1— k* cos” tdt , where

k=2 7D 4

. (a) Find the area of the surface generated by revolving the portion of the
curve y = X between X = 0 and X = 1 about the X-axis. 5

(b) Derive the reduction formula for J‘ X" (log X)"dx and evaluate

J‘lem(logx)n dx, when mn>0. 5
(c) The circle X* + y* = @ is rotated about the X-axis to generate a
sphere. Find its volume. 4
UNITHV
. (a) Identify and sketch the graph xy = 1. 5
(b) Sketch the graphof r = " 5 in polar coordinates. 5
—Cos
(c) Find the equation to the curve 9% + 4y* + 18x—16y—11=0
referred to the parallel axes through the point (-1, 2). 4

. (a) Find the angle through which the axes are to be rotated so that the

equation 17X —18xy —7y?> = 1 may be reduced to the form
A+ By’ =1, A> 0. Also, find Aand B. 5
(b) Reduce the following equation to its canonical form 5
X2 —=2xy + 7y?— 16X+ 16y —8 = 0.
(c) Find an equation in Xy-coordinate for the ellipse with center (-3, 2),

vertex (2, 2) and eccentricity e = % . 4



UNIT-V
9. (a) Prove ordisprove: 1+1'2+2=5
Suppose that a # 0.
() Ifab=4ac,then 4=¢
) If axb=axc,thenb=cC

(iii) If &b = &€ and &xb =&x¢C,thenb=¢
(b) Suppose that a particle moves through 3-space so that its position

vectorattimetis F(t) =t +t*]+t° K . Find the scalar tangential and

normal components of acceleration at timet = 1. 5
(c) Evaluate the integral 2+2=4
W [ < %, (3+t)2 1 >dt

(ii) j(coshtﬁrsinhth%ﬁ)dt

10. (a) LetU=0U (t) ,V=V (t) and W= \Tv(t) be differentiable vector-
valued functions then show that 4

dr. . di . o _|dv__| _|_ dw
—[(UXW) | = —[VXW]+ 0| —XW |[+0.| Vx— .
dt dt dt dt

(b) A shellis fired from ground level at an elevation of angle o and a
muzzle speed V. Show that the maximum height reached by the shell

. 2
V,
is —( o sin0) . 5
29

(c) Arock is thrown downward from the top of a building, 168 ft high,
at an angle 60° with the horizontal. How far from the base of the
building will the rock land if its initial speed is 80 ft/s? 5




