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Motion & Forces

Set 5: Energy, Work and Power

5.1 E,=%mv

=1 (42 kg)(3.7ms") =287

5.2 E,=mgh

= (1000 kg)(9.8 m s )(3.0 m) = 29 400 J (or 29.4 kI)

33 | (a) E,=tYamv’
=1 (05ke)&ms')Y =16]

)] gainin KE=loss in PE=m gh = (0.5 kg){%.8 m s W45.0m)=2211J
new KE=161+2211=2371]

54 (a) W=Pt=(25W)(24 h)(3600 s h") = 2.16 x 10° ] (or 2.16 MI)

ib) Not all of the electrical energy supplied by the pump will be transferred usefully — some will
be lost as heat and sound energy.

5.5 (a) E,=%amv
=14 (2000 kgh(18 ms™) = 3.24 x 10°J (or 324 kJ)

(b) _ W _3.24x10°)

F 13 = 6750 N (in the opposite direction 1o the van's original motion)
5 m

5.6 (a) W=Fs=(BN)W2Zm)=16]

(b) W=Fs=(12N}0.55m)=6.61J

(c) W=Fs=(23N)lL8m)=45]

(d) W=Fs=(1015kg)(9.8 ms ) (310 m) = 3.08 x 10°J (or 3.08 MJ)

(e) since a = zero, F = Frigion then W =Fs= (42 N)(10m) =4201]

3.7 vi=u’+2gs
E, = ¥mv’
s0,E, = ¥m(u” +2gs)
= %(0.2kg)((10ms" )’ +(2)(9.8ms )12 m))
=33.5)

58 | |W=Fs=(12N)18m)=216]




(b)

F:E:—lm J = 125 N upwards
s 08m
© S=E= 12007 =4L0m
F 30N
59 W 1001]
§s=—=——=080m
F 125N
5.10 ~ W 3000)
w = T e =[20N
a1l W =F s = (2000 kg)(9.8 m s*)(50 m) = 9.8 x 10° J (or 980 kJ)
312 | W
@ |p_W_50005 _, o
t 12%

(b) W mgh (22kg)(9.8ms )23 m

p= _meh G2ke)98me NI _ o, 0w
t t 0.8s
(c) |Ei=%amv
=14 (0355 kg)(20ms'Y =711
w71
P=—= —-—i =392 W
t 1.2s
d W Fs
@ | p_W_Fs_GSNIsm) _
t ot 353
5.13 | (a) On contact with the soft sand the athlete’s feet take longer to come to rest and they move
further into the surface so they have o work harder to raise them and get them moving again.
So they use more of the chemical energy they have acquired from their food and their muscles
have to expend more of their stored elastic potential energy. In one hour, their body would
generate more power.,

ib) Raising your centre of gravity means hurdlers have to use some of their chemical and elastic
potential energy o overcome the gravitational force, meaning they have less energy 1o
transfer into kinetic energy and therefore will not run as quickly.

ic) Rollers skates effectively make contact with the ground at a point rather than over a larger
surface area which is the situation with the soles of your feet, therefore they work against a
much smaller frictional force. This means that your legs can apply a much smaller push force
lo move, using less encrgy.

id) Crouching offers a much smaller surface area therefore a reduced drag or air resistance force
al the start of a sprint. This means that more of the sprinter’s chemical and elastic potential
energy can be used to generate a greater initial acceleration burst, producing an increase in
speed more guickly,

(e) When walking up hill, you have to overcome an additional gravitational force, meaning you
have less energy to transter into kinetic energy and theretore you will have to work harder to
cover the same distance.

if) The more kinetic energy a long jumper has on take off the more gravitational potential energy




they will acquire while in the air. This means they should be able to gain additional height
and stay in the air longer, thereby producing a longer jump.

(2 The Fosbury Flop technique does not involve the high jumper’s centre of gravity rising as
high above the ground as the Scissor Kick technique. See part b). for further explanation.

ih) When high jumpers push their arms forward, they are using Newton's third law (equal and
apposite reaction) o gain an additional push from the ground in order that they jump with a
greater force.

5.4 | -

(@ Since F= M: in a pile driver, a large mass m is (almost) instantly brought to rest.
Hence the time, tis very short; so the force of impact F on the pile is huge.

ib) To make the pile driver more effective you could:

* use a heavier weight (increase m)
* creale a greater swing before the weight makes contact with the pile (increase AV)
*  have the lower end of the pile shaped like a point, the smaller surface area therehy
creating greater pressure as it drives into the ground
5.15 |ia) loss in Ey = gain in E,
E,=%mvi=m 2 h (note that the mass, m is the same on both sides and thus cancels)
Vin =72 2h =42 (9.8 ms2)2.5m) =7.0ms"!

(h) The nitial E; has to overcome a frictional force as it climbs up the slope and so it will lose
some energy as heat and sound energy. So it needs a greater amount of E, to begin with in
order that it can acquire the necessary Ej, to reach the top of the slope.

5.16 | (a W X8 . 2. 14m

(@) P= T = (Exs) =F x (gradient of graph)= (256 kg x 9.8 m s z]xs— =4390 W

5
b W X8
(b) P=—={F }=Fx(v“.,,]
t t
. P 4 W .
speed of hoist v, =—= 390 5 =0.163ms’
F (2750 kg)(9.8 ms™)
517 Initially, E; =% xm x v
=% x36kgx(130ms") =3.04 x 10" ) (or 30.4 k)
Finally, E, =% xmx v
=thx36kex(65ms"Y =76x10° 1 (or 7.6 k)
W = loss in KE = 30.4k) - 7.6k] = 22.8 kJ
3018 | (a) theoretical gamm Ey =lossinE,=mxgxh
=04kg x 9.8 m s7x 250m = 157,000 J {or 157 kI)
)] real gain in B, = 20% of 157kl =31.4 k)
(c)

v=_J2xEk _ [2x314007 .o
m 64 kg




5.19 | (a) after 2s, E, = 6001]
W J
P=—= 600 =300 W
t 2s
b W -1
®) | p W _30007-1500 _, 50 vy
t 20s-10s
W4 -
© | p_W _40007-3000) _ -\
t 40s-25s
(d) Chris is changing gears on his bike so there is no increase in speed, therefore no increase in
E;.
5.20 changein E;=mx gxh
=25x10"kgx9.8ms x 1.75m=4.29x 10"
The station can only transfer 20% of this energy usefully, so energy supplied = 8.58 x 10" J
521 | (a) vertical height, h=sxsinf=12mxsin 15°=3.1m
E,=mxgxh
=5kgx98ms x31m=152]
ih) E,=Yaxmxv
= x5kgx(6ms'y =90J
(c) Winicion = l0ss inenergy = 1521901 =62 ]
(d) Wi 621
| =5.2 N up the ram
w s 12m P P
5.22 | (a) Fricion=0.1 X (213 x9.8 ms™) =209 N
Wiicien =F x5 =209 Nx 253 m=52901J
vertical height moved through, h=sxsin@=253 mxsin30"=127m
Eg;z=mxgxh
=213kgx 9.8 ms” x 12,7 m = 26510 I (this is the work done overcoming gravity)
So the bike must expend a total energy = 5290 1 + 265101 = 31,800 ] (or 31.8 kI)
(b) d 253m
e e | E—=————=211%
time up slope: V., 12ms”
W 318001J
== =15070 W (or 15.1 kW)
t 211s
5.23 W=FxsxcosB=20Nx54mxcosd3 =T64]




