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As1109: Calculus Time: 3 hours Max. Marks: 40
Instructions to students:
1. Do not write anything other than your roll number on question paper.
2. Mention all the assumptions for your answers clearly.
3. Use of calculator is not allowed.
Q.1 | Find the given limits, assuming they exist: ( 2 ; ]
; 2 2 CO1
a) (x,yl)l—r*t%e,o) In(x? + y*2)
: (2-1)(y%-4)
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ow .
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Q xpress — in terms of r and s if ] (CO5)
w=x+ 2y + z2, x=;, y=1r2+Ins, z = 2r.
Q.3 | Set up an integral for the arc length of the curve, y? + 2y = 2x + 1, lying 2
between the points (-1, —1) to (7, 3). Do not evaluate the integral. (CO2,4)
. . . .. . . L 2
Q-‘4 Find the linearization, L(x,y,z) of the given function at (0,0, 4) | (coz)
f(x,y,2) = V2 cos(x) sin(y + 2).
Q_ 5 1 ~x pln(x+y) 2
Evaluate ) [ [ e? dz dy dx. (CO2,4)
Q.6 |IfF(x,y,2) = e*i + yzj — yz?k, then find the divergence and curl of F at the a g
point (0,2, —1). (COo49)
Q.7 | (a) Sketch the vector field, F = —x{ and state whether the divergence will be | 1.5+15
positive or negative. (6:03, 5)
(b) In what direction is the function defined by f(x, y) = xe?” decreasing most
rapidly at the point P,(2,0)?
Q.8 |a) Prove that curl (grad ¢) = 0, where ¢ is a scalar function. . 3
b) Using part (a) answer the following as true/ false: (CO5)
(i)  grad ¢ is irrotational vector field. i
(i) grad ¢ is conservative field.
Q.9 | Sketch the region and then find the volume of the solid generated by revolving (C03 )
2, 4

the region bounded by y = 2x, y = x and x = 1, about x-axis.

i
4
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[ Q.10

Evaluate the given integral by converting it to polar coordinates:

3 ~V9-x2
f f xdydx.
-3 J0

3
(COz, 4)

Sketch the region of integration and evaluate foz Lf/_’; dy dx by changing the

order of integration.

3
(COz2, 4)

An environmental engineer is assessing the impact of two pollutants, x and, y
on air quality. The impact I is modeled by:

I(x,y) = 100 + 2x2 + 3y? — 8x — 6y.
What levels of pollutants x and y minimize the environmental impact? Also,
find the value of minimum impact.

3
(CO3)

A developer is assessing a triangular plot of land with vertices at (0,0), (4,0),
and (0,4). The area within this triangle will be used for residential buildings.
Sketch the triangular plot and calculate the area available for development
using double integration.

3
(COz, 4)

A company is analyzing the temperature distribution in a manufacturing
plant, which is represented by the function:
T(x,y) = 100 — 2x? — y?
where T is the temperature in degrees Celsius, and (x, y) are the coordinates

in meters.

(a)  Find the directional derivative of the temperature function at the point

(3, 4) in the direction of the vector  + V3j.
(b) Interpret the result in the context of the temperature change in the

plant.

3
(CO5)

Q.15

For the curve defined by the position vector,
7(t) = cos(3t) i — sin(3t) j + 4tk

(a) Find the curvature

(b) Find unit normal vector att = =

3

4
(CO5)

All the best!
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