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Let us continue our discussion on the work energy relation.
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Problem 1:

A 0.5 kg collar slides with negligible friction along a fixed spiral rod
from A to B in the vertical plane under the action of a constant
radial force T = 10 N. The rod shape is described by r(6) = 0.36,
where r is in meter and 0 is in radian. Calculate the velocity of the
collar when it reaches B if it starts from rest at A,

We are going to look at the application of work energy relation in certain problems. The problem
statement 1s shown in the slide above.
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We solve the problem using the work energy relation as explained above. We define a datum

where V = 0 in this problem, which is shown above.
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Now the work done by the external force T as the collar moves from A to B is T-dr. I have to
now represent these vectors to find out the work done because the path is a spiral path. These

vectors are given by
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Hence, the work done is obtained as

b LY
Wy.a= J- Tdvr :fO-E;T‘Ok@ = 3 J
A L 2

Finally, from the work-energy relation
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Problem 2:

A department-store escalator handles a steady load of
30 people per minute in elevating them from the first
floor to the second floor through a vertical rise of 7 m.
The average person has a mass of 65 kg. If the motor
that drives the unit delivers 3 kW, calculate the
mechanical efficiency e.

Source: Dynamics, Meriam and Kraige

Next we consider the above problem.

(Refer Slide Time: 13:01)

0 (aswming people qet m/off the A
elorodor ok UT Aczodj spead)
. Peasons pon. minuli (pp*rrp =30
3 % - %‘% = mah— aveeas moss puparson. = 6‘:7'1%
o - B . Ir‘l = %kN
R kA et
Ralz ofy wenk qutiout = %= an.5(9-84)(7) W
= 2-232 kW

Efficency @ = 222U 544

2 ke

The solution is given in the slide above. The important step here is to realize that the rate of

doing work by the escalator is the rate of change of potential energy, since the kinetic energy

remains constant. Further, this rate of change of potential energy is given by
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where dm/dt is the rate at which mass is transported up, and not rate of change of mass. This is a

mass flow problem.
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Problem 3:

A flexible bicycle chain of length mr/2 and mass per unit length p is
released from rest in a smooth circular guide with 8 = 0. Calculate
the velocity of the chain when 8 = /2.

Source: Dynamics, Meriam and Kralge

Next we look at the problem of a flexible chain like a bicycle chain. The problem statement is

shown above.

(Refer Slide Time: 21:14)

Nmk-m% sulofion 1 AE = Wa-e
o L :
aE= TotVe - (Fa+va) (¥ : qsiotional potentiol )

c*:_"’% g=0

N{h-(}:o
L
[ Lovide « L pwryt= LWPMY _'I-
TB' zPUdS = 2P_-_J—_U :; ‘
ur E
2
V,_.,-Jpgo(s (-s) = —é,pfal --Slpffﬂ
o
mfy P=

v‘-_-f pr‘dﬂa(rmﬂ) = ,oflzg

|
Work -enengy nelokion = :_tn-lav'b"' -%Z‘Of‘? -p‘r"ﬂ =0
> v=[4(F )"

The solution is given in the slide above. It is important to note that the calculation of the
potential energy has to be done carefully when the chain is inside the curved slot by assuming

that the mass is distributed uniformly.
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Problem 4:

A boy of mass m is standing initially at rest relative
to the moving walkway, which has a constant hori-
zontal speed 1. He decides to accelerate his progress
and starts to walk from point A with a steadily in-
creasing speed and reaches point B with a speed
& = v relative to the walkway. During his accelera- 23— k u
tion he generates an average horizontal force F

between his shoes and the walkway. Write the
work-energy equations for his absolute and relative
motions and explain the meaning of the term muv, Source: Dynamics, Meriam and Kraige

The next problem statement is shown above.
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We look at this problem from the eyes of an observer who is fixed to the ground and watching

this boy, and another observer who is fixed to the walkway. The solution is shown above.



It is noted that the net work done by the boy is measured by the walkway fixed observer. While,
the ground-fixed inertial observer can see the work done by the boy and the work done by the
walkway when the boy is accelerating on the walkway, and the walkway motor is is doing

additional work in maintaining the speed of the walkway.
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summary

* Work-energy form of Newton's second law of motion (scalar relation)
* Integral of Newton's second law of motion
* Conservation of energy

* Problems

To summarize we have looked at the applications of work energy form of the Newton’s second

law.



