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Problem 1 [Marks 2]

What is the value of the integral below? Here the symbol i = v—1 and 8 is a variable and not
the argument of any complex number!.
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Problem 2 [Marks 4]

t axis and z axis overlapped onto each other but 8 = 30° is the angle between s axis and y axis
where 6 + @, - g = 90°. 4, and @, are the unit vectors of the z axis and s axis respectively. If the
equation below is drawn in the s-t plane then determine the area bound by z = 2 and =z = 3.

!'To know more about complex numbers https://math.mit.edu/~stoopn/18.031/complexnumbers.pdf
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Problem 3 [Marks 6]
For z = 1 and n— o prove that:
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Problem 4 [Marks 8]

You have a motor of velocity 1000mr RPM (Revolutions per minute) with which you have to
pull a 100 kg weight to the 15" Flood (i.e., at the roof of the 14" Floor). Adding 1 kg to the
motor decreased the velocity by 2mr RPM (Revolutions per minute). The height of every floor
is 4w meter. After each 2.34 minutes, a worker collects weights from the motor. A wheel wi



of = % cm radius is attached to the motor. Another wheel we is also attached to the motor

with the help of a belt. The perimeter equation of w is: 22+ 12=mn>

(a) Prove that radius of upis r, = 5%
()
(b) If the second wheel is to the 5m left and 3m down the first wheel then determine
the equation of it and area of it using integration.
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Problem 5 [Marks 10]

A spherical shaped asteroid of mass m = 2 X 10°kg and diameter d = 1 km enter the earth’s
atmosphere with an initial velocity of 30 km /hour. The distance profile of the asteroid inside
the earth can be described by the second order differential equation given below:

#—2(3& —10) = 0

The asteroid hits the Bay of Bengal after 10 seconds from entering into the atmosphere. Can
it cause a Tsunami?
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#ts9 Sarfati, R., Hayes, J. C., & Peleg, O. (2021). Self-organization in natural swarms of

Photinus carolinus synchronous fireflies. Science Advances, 7(28) retrieved from

https://www.science.org/doi/10.1126 /sciadv.abg9259

Problem 6 [Marks 12]

Photinus carolinus is a species of fireflies found largely in North America. These fireflies take
atleast 12 seconds before flashing for the second time. This time is called Recovery Period 7. When
they are isolated, they flash randomly. But when they are in a group, they follow their closest
firefly and try to sync their flashes with their nearby firefly.? It doesn't matter how much the
population size P is, after a certain time t, the fireflies will flash in unison. Derive a model using
differential equation to show that the fireflies will always synchronize their flashes given in a large
group. For P=10,000, determine after what time they will flash in unison (if possible).

To get more information about this flash synchronization of the species, take help from this
article Sarfati, R., Hayes, J. C., & Peleg, O. (2021). Self-organization in natural swarms of
Photinus carolinus synchronous fireflies. Science Advances, 7(28) retrieved from

https://www.science.org/doi/10.1126 /sciadv.abg9259

2 To see the synchronization in real, watch this YouTube video https://youtu.be/ZGvinE1 Wy6U?2si=kWXi7Pb6wG3Jsq3q




