WORK AND ENERGY
Tutorial Answers

1.
(a)
Work done is  zero  when the displacement of a force is  perpendicular  to the direction of the force.


Work done is  positive  when the displacement is in the same direction as the force, and 

 negative  when it is in the opposite direction. If two forces are equal and opposite (Newton’s action – reaction pair), then the total work done by the two forces is  zero .

(b)
When work is done on a system, it must add to the total energy of the system in some form. Similarly, when negative work is done on the system, or when work is done by the system, then it must draw on its initial total energy. Thus final total energy of the system must be lower.

Initial Total Energy + w.d. on the system – w.d. by the system = Final Total Energy

When  positive  work is done against the pull of gravity, it adds to the total energy of the system in the form of gravitational  potential  energy. 

If we consider the Earth and the balloon as a system, an external force (Upthrust, U) has done (positive) work (+W.D.) on the system. Thus applying this to the equation:

Initial T.E. + (+W.D.) – 0 = Final T.E.

The Total Energy of the system has actually increased and this increase is in its potential energy.

We can look at the scenario in another way: The system has done  negative  work  (–W.D.) because the force that it exerts (the weight of the balloon) has a negative displacement. Thus applying it to our equation:

Initial T.E. + (0) – (– W.D.) = Final T.E.

We can draw the same conclusion as before.

2
Work done = Force x parallel displacement





   = F s cos(
where ( is the angle between the directions of the force and displacement

Applying this to your question, you should be able to get your answers.

4 Work done is Force x Displacement. Similar to Displacement which is Velocity x Time, it can be obtained from the graph by calculating the area under the Force vs Displacement graph.

Total work done = 20.0 J (area beneath the x-axis is negative)

Power = 20.0 / 4.0 = 5.0 W

5
(a)
acceleration = F / m  (since F = ma)


    




= 30 / 10 = 3.0 ms-2



Since s = u t + ½ a t2 :




Distance travelled = 0.5 x 3.0 x 4.02 = 24.0 m



(b)
Work done on the body = F x s











  = 30 x 24.0 = 720 J




By conservation of energy:




Gain in kinetic energy = 720 J



(c)
Kinetic energy = ½ m v2 = 720 J




v = ( [ (2 x720) / 10 ] = 12.0 m s-1
6
Initial total energy = kinetic energy = ½ m v2 









= 0.5 x 0.16 x 252 = 50.0 J


Final total energy = gravitational potential energy = m g h









= 0.16 x 9.81 x 20= 31.4 J


Loss in energy = (50.0 - 31.4) / 50.0 = 0.37 or 37%

7
Taking BC to be zero gravitational potential:


P.E. at A 
= m g h






= 1.5 x 9.81 x 1.0 = 14.7 J


Work done on system by frictional force = ( 1.0 x 3.0 = ( 3.0 J


Thus work done against friction by system = 3.0 J


Applying conservation of energy:


Initial Total Energy + Work done by system = Final Total Energy


14.7 J ( 3.0 J = K.E. at B







  = 11.7 J


Since ½ m v2 = 11.7:


v = ( [ 2 x 11.7 / 1.5 ] = 3.95 ms-1 

8
(a)
From R to S:



Loss in GPE = mg(h = 10.0mg



By conservation of energy, Gain in KE = 10.0mg















= ½ mv2


v = ( [ 2 x 10.0 x 9.81 ] = 14.0 ms-1


From R to T:



Loss in GPE = mg(h = (10.0- 8.0)mg



By conservation of energy, Gain in KE = 2.0mg















= ½ mv2


v = ( [ 2 x 2.0 x 9.81 ] = 6.3 ms-1
(b)
To get the truck from Q to S, it must be given enough kinetic energy at Q to reach R. From R, gravity will do the rest.

From Q to R:

Loss in KE = Gain in GPE

If v=0 at R, then

½ m (vQ)2 = m g (h = m g (10.0 – 6.0)

vQ = ( [ 2 x 4.0 x 9.81 ] = 8.9 ms-1
9
When the ladder is raised, its c.g. is raised 2.0m while that of the 5.0kg mass is raised 5.0m.


Thus total gain in potential energy = mL g (hL + mM g (hM 













   = 9.81 ( 25 x 2.0 + 5.0 x 5.0 )













   = 736 J

10
The energy possessed by the flow of water is in the form of GPE.


Since in 1 second 1000kg of water would have fallen through a height of 30m,


Loss in GPE of water in 1 s = m g (h = 1000 x 9.81 x 30 = 2.94 x 105 J


Thus the power it represents is 2.94 x 105 W


Number light bulbs it could support = 2.94 x 105 / 100 = 2940

11
From A to B:


Total loss in energy = Loss in KE + Loss in GPE









 = ½ (1500)(12)2 + (1500)(9.81)(50sin30o)









 = 4.76 x 105 J


By conservation of energy:


Initial T.E. + W.D. = Final T.E.  (  Final T.E. – Initial T.E. = W.D.


Since there has been a loss in T.E. of 4.76 x 105 J:


Final T.E.– Initial T.E. = – 4.76 x 105 J


Therefore work done by braking force F on system = – 4.76 x 105 J


F = – 4.76 x 105 / displacement of F = – 4.76 x 105 / 50 = – 9.52 x 103 N


[The negative sign indicates that the force is in the opposite direction of its displacement]
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(a)
In 1 second, displacement of car = v m

Thus  Power of F = Work done per second by F = Fv

Since Power is also = bv, F = b

(b)
Applying Newton’s second law:

F – f = ma  (  b – kv2 = ma  (  a = (b – kv2) / m

When v is maximum, a =0:

b – kvmax2 = 0  (  vmax = (b/k)1/2 

(c)
Work done against drag force = f x v = k v3
(d)
In 1 second, change in vertical displacement = v sin( = v/20



Thus rate of increase in GPE = mgv/20

(e)
At maximum speed, 

Power of the vehicle = Gain in GPE + Work done against drag , since gain in KE = 0.


bv = mgv/20 + kv3  ( v = ( [ ( b – mg/20 ) / k ]

Alternatively, applying Newton’s second law:



F – f – mgsin( = ma = 0 , since a = 0 at max v.



b – kv2 – mg/20 = 0  (  v = ( [ ( b – mg/20 ) / k ]

13
Just find the area under the graph which is = ½ k (xF – xI)2, 

where xF & xI are the final and initial compression (or extension) in the spring respectively

If the the initial compression is zero, then 

Work done in compressing (or stretching) a spring from its natural length by x m is ½ k x2.


By conservation of energy:


Work done on the system = Gain in total energy of system

In the case of compressing (or stretching) a spring, the gain in total energy is in the form of elastic potential energy (EPE).

So EPE of a spring = ½ k x2
14 (a) The speed of the block would be maximum if all of the EPE in the spring has been converted to KE of the block  (  The spring is at its natural length

Loss in EPE of the spring = Gain in KE of the block

½ k x2  =  ½ m v2  (  50 (0.060)2  =  0.40 v2  (  v = 0.67 ms-1 

(b) There are two ways to look at this:

Consider the graph: 

The area under the graph from x = 0.060 m to  x = - 0.060 m is zero.

So work done by the spring is also zero.

Consider the conservation equation: 

The total energy of the system remained the same since initial and final EPE are equal. Thus no work was done by the system.

15
When the 500g mass is in equilibrium, the force that it exerts on the spring is equal to its weight. Thus


F = kx = mg  (  Compression = x = 0.500 (9.81) / 200 = 0.0245 m


When the spring is pushed down 0.0755 m further, total compression = 0.100 m


When the spring is released, all the EPE in the spring will be converted to KE of the mass just as it is about to leave the spring, and as the mass flies up to its maximum height, all this KE will be converted to GPE.


So Loss in EPE of the spring = Gain in GPE of the mass


½ k x2  =  m g h  (  h = [(200)(0.100)2] / [2(0.500)(9.81)] = 0.204 m

16
When the mass falls from a height of 0.40m (A), it will hit the spring and compress it (B). The spring will then extend itself again (C). At its maximum extension the mass is still attached to it. We don’t know if the spring will extend to its natural length and beyond, but we can always assume.


So let us assume that the maximum extension is x m. So


Loss in GPE  =  Gain in EPE


If the extension is x m, then the final position of the mass is x m above the original position of the platform (where the 0.40 m was measured from).


Thus the change in height of the mass is not 0.40 m but (0.40 – x) m.


0.300 (9.81) (0.40 - x) = ½ (200) x2  

( 100x2 + 2.94x – 1.18 = 0  (  x = 0.0947 m

WORK AND ENERGY
Assignments
21
Since work done = F s:  Rate of work done = F s / t


or  Power = F v


If the car is travelling with steady speed, then by Newton’s 2nd law, 


F – mg sin( = 0  ( F = The driving force = 15 x 103 x 1/10 = 1.5 x 103 N


Thus Power = 1.5 x 103 x 12 = 18 x 103 W


22
cos 30o = (1 – x) / 1  (  x = 0.134 m


Thus gain in GPE = mg(h = 1.0 (9.81) (0.134) = 1.31 J


When released:


Loss in GPE = Gain in KE  (  mg(h = ½ m v2

At lowest point: 1.31 = 0.5 x 1.0 x v2  (  v = 1.62 ms-1
23
(a)
Total displacement = ut + ½at2 = 0.5 x 2.0 x 5.02 = 25.0 m



Total work done = F s = 10 x 103 x 25.0 = 2.50 x 105 J



Average Power = W.D. / t = 2.50 x 105 / 5 = 50000 W


(b)
Instantaneous power = F v , where v is instantaneous velocity



At t = 1.0s and 4.0s, instantaneous velocities are 2.0 ms-1 and 8.0 ms-1 respectively.



Thus power at t = 1.0s = 10 x 103 x 2.0 = 20000 W



And power at t = 4.0s = 10 x 103 x 8.0 = 80000 W


Part (a) can also be solved using 

Average Power = F vave , where vave is the average velocity.

24
When the spring is released, all the EPE in the spring will be converted to KE of the marble.


Loss in EPE of spring = Gain in KE of marble  (  ½ k x2 = ½ m v2

v2 = k x2 / m  (  v = x ( [k/m] ………..(1)


Horizontal displacement of the marble = Sx = vt  …………………..(2)


Since vertical displacement of the marble = Sy = ½ g t2 = height of the table, h


t = ( [2h/g]  ………….(3)


Sub (3) into (2):  Sx = v ( [2h/g]  ……………..(4)


Sub (1) into (4):  Sx = x ( [2hk/mg]


Since ( [2hk/mg] is a constant term, Sx is proportional to x.


Replacing ( [2hk/mg] with A:  Sx = Ax


In the first attempt: 


Sx = (2.0 – 0.20) = A (0.01)  (  A = 180


To hit the target:


Sx = 2.0 = Ax = 180x  (  x = 0.0111 m
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