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Instructions:

(i) Assignment should be hand-written. Typed assignment will not be accepted.

(ii) Please attach this page with your solved assignment.

(iii) Solve questions on only A4 size white papers. I don’t accept any assignments other
than this.

(iv) Avoid plagiarism. Mention reference properly at the end of each question.

(v) Make diagrams wherever possible.

1. Two vectors are given by A = 2.0ex + 3.0ey + 1.0ez and B = −1.0ex + 2.0ey + Bzez.
The magnitude of the resultant A + B is 6.0. What are the two possible values of Bz? [3]

2. Find the angle between the diagonal of a cube and one of its edges.
(Hint: Suppose that the edges of the cube are parallel to the vectors i, j, and k. What
vector is then parallel to the diagonal?) [4]

3. The motion of a rocket burning its fuel at a constant rate while moving through empty
interstellar space can be described by

x(t) = uext+ uex

(
1

b
− t

)
ln(1 − bt).

uex and b are constants (uex is the exhaust velocity of the gases at the tail of the rocket,
and b is proportional to the rate of fuel consumption). For this question, you should
know that ln is the inverse of the exponential function, that is, ln(ex) = x. Also,
d
dx

lnx = 1
x
. [10]

a) What happens when t > 1/b? Explain. (2 marks)

b) Find a formula for the instantaneous velocity of the rocket. (3 marks)

c) Find a formula for the instantaneous acceleration. (2 marks)

d) Suppose that a rocket with uex = 3.0 × 103 m/s and b = 7.5 × 10−3 s−1 takes 120
s to burn all its fuel. What is the instantaneous velocity at t = 0 s? At t = 120 s?
(2 marks)
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e) What is the instantaneous acceleration at t = 0 s? At t = 120 s? (1 mark)

4. A boy stands at the edge of a cliff and launches a rock upward at an angle of 45.0°. The
rock comes back down to the elevation where it was released 2.25 s later, then continues
until it is seen to splash into the lake below 4.00 s after release. How far below the point
of release is the lake surface? What horizontal distance from the point of release is the
splash? [8]

5. The muzzle speed for a LeeEnfield rifle is 630 m/s. Suppose you fire this rifle at a target
700 m away and at the same level as the rifle. [10]

a) In order to hit the target, you must aim the barrel at a point above the target. How
many meters above the target must you aim? Pretend there is no air resistance (4
marks)

b) What will be the maximum height that the bullet reaches along its trajectory? (3
marks)

c) How long does the bullet take to reach the target? (3 marks)

6. A gun standing on sloping ground (see the figure below) fires up the slope. Show that
the slant range of the gun (measured along the slope) is

l =
2u2 cos2 θ

g cosα
(tan θ − tanα). (1)

Here u is the magnitude of the initial velocity of the bullet. [10]

7. The Earth rotates about its axis once in one sidereal day of 23 h 56 min. Calculate
the centripetal acceleration of a point located on the equator. Calculate the centripetal
acceleration of a point located at a latitude of 45°. [5]
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