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ES1103: Calculus and Applied Mechanics Time: 2 hours Max. Marks: 30

Instructions to students:
1. Do not write anything other than your roll number on the question paper.
2. Assume suitable data wherever required and mention it clearly.

Q.1 The heat equation is a partial differential equation that describes the distribution of 3.0

heat in a region at time t, and it is represented as (CO2)
af _ 3*f .
il for any function f(x, t).
Find the relation between the constants a and g such that, u(x,t) = sin(ax) - e=5¢
satisfies the heat equation.
Q.2 Find all the local maxima, local minima, and saddle points of the function, 3.0
' (Co7)

f(x,y) =2x3+ 2y3 — 9x? + 3y2 — 12y.

Q.3  What is the largest value that the directional derivative of f(x,y, z) = xyz can have at 3.0
the point (1,1,1)? (CO5)

Q.4  Usingthe concepts of vector calculus, find an equation of the plane tangent to the level 3.0
surface, x> — y — 5z = 0 at the point Py(2,—1,1). (CO5)
Q.5 Find the divergence and curl of the vector, 3.0

> A (6(0)
F=Q@x+2i+ 227~ (z - To)k. (cos

Q.6  (a) Rewrite the integral, f03 I by N (x + y)dxdy, after changing the order of integration. 2.0

(CO4)

(b) Using double integral, find the area of the region bounded by the linesy = 1 — x, 4.0
y = 2, and the curve y = e*. (COq)

Q.7  Find the volume of a solid formed by rotating the arc, 3.0
y =V4 —x2,—1 < x < 1 about x-axis. (Co9)

Q.8 A rectangular pontoon (a flat-bottomed boat) is 4 m long, 2.5 m wide and 1 m high. 4.0
The depth of immersion of pontoon is 0.60 m in the sea water. If the centre of gravity ~ (C06)
is 0.5 m above the bottom of the pontoon, determine the meta-centric height and
comment on the nature of stability. Take density of sea water as 1025 kg/ms.

Q.9  Determine centroid of area shown in the following figure considering its left face and 2.0

base as the axes of reference. (CO6)
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Fig. Problem of centroid
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