Work, Energy and Power Review Package

1) Work: change in energy. Measured in Joules, J.
W = Fd W = AE

Work is scalar, but can be negative. To remember this, ask yourself either:
e |s the object is losing energy (i.e. AE is decreasing)?
e |s the force in the opposite direction of motion (recall that technically W = Fcose-d)

2) Potential energy: stored energy. Measured in Joules, J.
E, = mgh (gravitational)

E, = Fd (springs etc)

3) Kinetic Energy: energy of motion. Measured in Joules, J.
E, = Yomv?

4) Law of Conservation of Energy: Energy cannot be created or destroyed, only transformed
into one type or another. If there only conservative forces (such as gravity or elastic) then the
total initial energy is equal to the total final energy:

Exi + Epi = Exs + Eps

smv4 + mgh; = ¥amv% + mghg

Non-conservative forces (such as friction, applied force and tension) can be used to add or
remove energy to/from an object.

5) Power: the amount of work done in a certain time. Measured in Watts, W.
P=WI/t
P = Fv (at constant speed)

6) Efficiency: How much work or power output a machine has given the work or power input.
All machines have an efficiency less that 100%.

Efficiency = work out x 100%
work in

Efficiency = power out x 100%
power in

7) Thermal Energy: the amount of heat in an object
AE;, = mAtc




Work:
1) A student holds a 15 kg bowling ball 1.5 m above the ground for 15 s. How much work is done on the ball?

2) A block of wood is pushed at a constant velocity with a force of 25.0 N. How far did it travel if 100.0 J of
work are done on it?

3) A 2.0 kg textbook is picked up off the floor and placed on a 0.95 m high desk. How much work is down on
the book?

4) A 5.0 kg ball rolls down a ramp as shown.

How much work is done on the ball?
40m

5) A 5.0 kg block of wood is pushed up a ramp as shown. 12.0
If a force of 16.0 N is needed to push it up the ramp at a
constant velocity, how much work is done in the block?

6) A 5.0 kg block of wood is pushed up a frictionless ramp as shown.

How much work is done on the block? 8.0m

7) A box is pulled along a horizontal surface at a constant velocity. The /
tension in the rope is 150 N and the rope makes an angle of 35 ° with the

floor. How much work is done on the box if it is dragged 18 m?

8) A 1200 kg car traveling at 60.0 km/h hits the brakes and comes to a stop in 32 m. How much work is done on
the car?

Potential Enerqgy:

1) How much potential energy does a 12.0 kg bowling ball have if it is sitting on a 0.50 m high chair?

2) A 7.5 kg bowling ball sits on a 1.10 m desk. If a student lifts the ball 0.90 m above the desk, how much
potential energy does it have with respect to the desk?

3) A 5.0 kg bock is pushed up a ramp as shown. 6.5m 13.0m

How much potential energy does it have when it reaches the top?

4) If the ramp in question #3 is frictionless, how much force is required to push the block up the ramp (think
work!)?



Kinetic Enerqy:

1) How much kinetic energy does a 50.0 g bullet traveling at 365 m/s have?

2) If a 78 kg cheetah is running at a speed of 120 km/h, how much kinetic energy does it have?

3) A 3.91 N baseball has 775 J of kinetic energy. How fast is it moving?

4) A 0.425 kg water balloon is dropped from the top of a school gymnasium onto some unsuspecting physics
students (those were the days...). If the gym is 8.50 m high how much kinetic energy does it have just before it

hits the ground?

Law of Conservation of Energy: (Use Law of Con of En OR ELSE!!!!)

1) A 0.85 kg soccer ball is booted straight up in the air. If it left the soccer player’s foot at a height of 1.0 m and
reaches a height of 47.0 m, what was its Kinetic energy immediately after it was kicked?

2) What was the speed of the ball in question #1 when it had reached a height of 24.0 m?

3) A 0.575 kg smurf is thrown straight down from a 10.0 m high toadstool. If his final speed is 18.0 m/s, how
fast was he traveling initially?

4) Another 0.575 kg smurf (there are 99 of them...) is now thrown horizontally from a 50.0 m cliff at 8.00 m/s.
how much kinetic energy does it have when it is 15.0 m from the ground?

5) A box slides down a frictionless ramp as shown.
How fast is it traveling at the bottom?

9.5m 16.0m

A i

6) A pendulum if pulled aside as shown. ! 1.00 m

The pendulum bob has a mass of 0.500 kg.

If the pendulum is released from this point

how fast will it be moving when it returns 1.50 m !

to the equilibrium point? i I 0.25m
A\ 4

Power and Efficiency

1) A 12.0 kg block is pushed up an 8.0 m ramp at a constant speed of 2.50 m/s with a force of 28.0 N. How
much power does this require?

2) A 25.0 kg crate it lifted on to a 2.0 m ledge by a worker that exerts 325 W of power. How long does it take
to reach the ledge?

3) A 0.390 kg hockey puck is accelerated across a frictionless sheet of ice from rest to a speed of 15.0 m/s in 1.5
m. How much power is exerted on the puck?

4) A 5.0 kg box is sliding across the floor at 2.00 m/s when it is accelerated to 8.00 m/s in 1.80 s. If the
coefficient of friction is 0.220 how much power is required to accelerate the box?



5) A 7.0 kg box is pushed up the ramp shown in 3.25 s. If it requires a force of

12.0m

40.0 N to push at a constant velocity, what is the efficiency of the ramp? 6.0m Q

6) A 1250 W electric motor is used to lift an 80.0 kg weight to a height of 4.0 m in 3.00 s. What is the efficiency

of the motor?

7) A pulley has an efficiency of 85.0%. If 475 J are exerted to lift a 16.0 kg weight, how high is the weight

lifted?

Work
1)0J 2)400m 3)19J 4)2.0 X102 J 5)192J 6)390J 7) 2200

Potential Energy
1)59J) 2)66J 3)320J 4) 25N

Kinetic Energy
1) 3330J 2)43000J 3)62.4m/s 4)35.4]

Law of Conservation of Energy
1)380J 2) 21 m/s 3) 11.3m/s 4)216J 5) 14 m/s 6) 2.2 m/s

Power and Efficiency
1)70.0W 2)1.5s 3)219W 4) 140 W 5) 86% 6) 84% 7)2.57m

8) — 1.7 x10°J




Work:

1) A student holds a 15 kg bowling ball 1.5 m above the ground for 15 s. How much work is done on the ball?

/Uo c&ang,c N enagy W= al=07
2) A block of wood is pushed at a constant velocity with a force of 25.0 N. How far did it travel if 100.0 J of
work are done on it? W 100.0T
WPl A= F-: =7~ 4.00m
250N
3) A 2.0 kg textbook is picked up off the floor and placed ona 0.95 m high desk How much work is down on

the book? L\/'— WldA[’l (70%(7 XOW'/y (_O qu.

4) A 5.0 kg ball rolls down a ramp as shown.
How much work is done on the ball?
- aE . L. 4.0m
\/\} 4 EF - EPP EP)

- mde - mjL,
=0 -4 =200
5) A 5.0 kg block of wood is pushed up a ramp as shown.

If a force of 16.0 N is needed to push it up the ramp at a 12.0
constant velocity, how much work is done in the block?

6) A 5.0 kg block of wood is pushed up a frictionless ramp as shown
How much work is done on the block?

W= af,s mjA(A (§og)ﬂw (80 m)

©
o
3

= 4.0 )’
7) A box is pulled along a horizontal surface at a ? "\go L constant
velocity. The tension in the rope is 150 N and the ﬂ # rope makes an
angle of 35 ° with the floor. How much work is done - ":‘ - on the box if it
is dragged 18 m? FX -
CosdS * T W= Fud
— —_
Fee 10esds = 12240 =(1224)(18) = £2007
8) A 1200 kg car traveling at 60.0 km/h hits the brakes and comes to a stop in 32 m How much work isI done on
thecar’7 =36 [éé}m[j ’ M
\J= FJL oz Vv W= atx
£ — I
Vo 2 “o {’q' Z d 1 E’
= | 167y " Bl S
- — Z
3l = 4340l S0 -2my

Fubs fama=57on | - - #x107]




Potential Energy:

1) How much potential energy does a 12.0 kg bowling ball have if it is sitting on a 0.50 m high chair?
Ep = mgn = (20l (1p07e)(0.00) = 59T

2) A 7.5 kg bowling ball sits on a 1.10 m desk. If a student lifts the ball 0.90 m above the desk, how much
potential energy does it have with respect to the desk?

Ep= mgh= (75} 20mb2)( 0-%07) = 66

3) A 5.0 kg bock is pushed up a ramp as shown. 6.5 m
How much potential energy does it have when it reaches the top?

— u
v mab\ = 7907
4) If the ramp in question #3 is frictionleds, how much force is required to push the block up the ramp (think

work!)? LJ:FJK:AEV F: _0%(_): 2|'1+T 23/\)

13.0m

Kinetic Energy:

1) How much kinetic energy does a 50 0 g bullet traveling at 365 m/s have’>

Ln' Tl = 2 (0. 0500@(365%/!) = 3 53 xl()
2)Ifa 7§_kg cheetah is running at a speed of 120 km/h, h%w much kinetic energy does it have?
Fue tmi? = 5(F80)(>3370)" = 430007
3) A 3.91 N baseball has 775 J of kinetic energy. How fast is it moving?
- - < LUYN SN S T A @~@: w
ig=my ™ 36: zwe - 03700 Bz 2o ~ ot

4) A 0.425 kg water balloon is dropped from the top of a school gymnasium onto some unsuspecting physics
students (those were the days...). If the gym is 8.50 m high how much kinetic energy does it have just before it
hits the ground?

Cug = Eyi = myhs (0azs)(tionese) = 35T

Law of Conservation of Energy: (Use Law of Con of En OR ELSE!!!!)

1) A 0.85 kg soccer ball is booted straight up in the air. If it left the soccer player’s foot at a height of 1.0 m and
reaches a height of 47.0 m, what was its kinetic energy immediately after it was kicked? .- 45!“»'/‘27 inibal

- l4men Ewz By s hy = (o- 8sze,<7‘xom/n)( 46.0,)

2) What was the speed of the ball in questlon #1EWhen it had reached a helgh
B = Burby  Eoo BB oy
smV? = Eue — maghy
3) A 0.575 kg smurf is thrown straight down from a 10.0 m high toadstool. If
fast was he traveling initially? 2 Z L

EK; ! Epi - E;q, Vi ©
\
R L N TT N

2exi ~m) = 71,1

m
is final speed is 18.0 m/s, how

)

[R)
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4) Another 0.575 kg smurf (there are 99 of them...) is now thrown horizontally from a’50.0 m cliff at 8.00 m/s.
how much kinetic energy does it have when it is 15.0 m from the ground?

7 (0 5?5»,) (1000 + (0-55)(T00~0°) 550.)
2157

—
-
—_—

5) A box slides down a frictionless ramp as shown.
How fast is it traveling at the bottom?

(:p, E”J— \/= ZﬂL, g 14;44/1
95m 16.0m Mﬁl/‘ Z}"'V

6) A pendulum if pulled aside as shown. 1.00 m

The pendulum bob has a mass of 0.500 kg. |

If the pendulum is released from this point :

how fast will it be moving when it returns 150 m

to the equilibrium point? i I 0.25m

EPI' :lE/é,f V:: Zﬂlﬂ;
Wlﬂbti <7y, =

T\)Z(?fo'ﬂ(ﬁ)(o,%m) = 2uls

1) A 12.0 kg block is pushed up an 8.0 m ramp at a constant speed of 2.50 m/s with a force of 28.0 N. How
much power does this require?

p W FJ Fu- (Z&oNX?»Sb”\ID - ?O' W

2) A 25.0 kg crate it lifted on to a 2.0 m ledge by a worker that exerts 325 W of power. How long does it take
to reach the ledge?
P - % i AL‘p _wjﬂb b g_L _ (25.0k) (400412 2.0m)
F P 3125w
=~ ].S5

3) A 0.390 kg hockey puck is accelerated across a frictionless sheet of ice from rest to a speed of 15.0 m/s i in 1. 5

Power and Efficiency

(

m. How much power is exerted on the puck? UzISemls  a - VA%
——— Us0 2
P- W _ ab o w200 sop)(IS.0nt)"_ 7701 g(t’s = PSnls?
0.20 . S .
R g R Y
4) A 5.0 kg box is sliding across the floor at 2.00 m/s when it is accelerated to 8.00 m/s in 1.80 s. If the
coefficient of friction is 0.220 how much power is required to accelerate the box? b\) o/
/t—l:lt/ F V= g.00 rls a-= V- Vo 3333 Zfa P: = — ’L“PP
" “)I')” Vo = 2.06wls b + ‘J“
; 6= 7 A v v. = (22.45)( 17.00)
§ d=7 == Toom e
b= pbud pumg = 10300 4= 18 = (137 )]

fet=lap-F=ma  Rp=wmas fp =(500B339+0.70 = 7745N



5) A 7.0 kg box is pushed up the ramp shown in 3.25 s. If it requires a force of 40.0 N to push at a constant
velocity, what is the efficiency of the ramp?

_ U u_‘_ 12.0m
Wt = mﬂL (7. o)(? o) C.0) L;:/ w°‘ xloo7 oo <\\/
i Pl od: 40T RO 367
N electric motor |s used to lift an 80.0 kg welght to a height of 4.0 m in 3.00 s. What is the efficiency
T Ptz 2 4_5,_, 4 e G <ok
N/ V\

p;Vl - 3(7)03(786)(40 - {Oqsw :%Sw 007 :‘ g4 ‘/ l

7) A pulley has an efficiency of 85.0%. If 475 Jare exerted to lift a 16.0 kg weight, how high is the weight
lifted?

- UOM’,[ .
Jout = 8L, = m h
L\/od - .Eff x Win ’ 3

ot \JM‘ 463. 77
s
) 1057'/\ T l/‘ (/é.olﬁ)(f.?b‘”/ﬂ)

405157 :{ZWM



Physics 11

10.

11.

Work, Energy, & Thermal Energy Review WS

A 23 kg boulder is pushed a distance of 4.5 m by a horizontal force of 35 N. How much work was
done on the boulder? (2 marks)

A 650 kg pile-driver is lifted a height of 4.0 m before being dropped onto a pile. The pile is
pushed into the ground a distance of 0.050 m every time the pile-driver is dropped.
a. How many times must the pile-driver be dropped to push the pile 3.0 m into the ground?
(3 marks)
b. What is the ground resistance force on the pile? (3 marks)

A 2300 kg car whose motor is rated at 45000 W completes a 200 km road race in 8280 s. How
much work is done during the race? (4 marks)

Tim lifts a 34 kg weight to a maximum height of 2.3 m and then slowly lowers the mass to the
floor. He repeats this motion 15 times to build up his muscles.

a.  What total work is being done? (3 marks)

b. Tim does this motion in 46s. What power does Tim generate? (3 marks)

An oil pump delivers 450 kg of oil up to a platform 35 m above the ground in a time of 23 s.
a. Calculate the work done on the 0il? (2 marks)
b. Calculate the power produced by the pump? (2 marks)

A boat is pushed through the water at a constant speed of 16 m/s while the motor generates a
constant force of 7.0 x 10° N. What power does the motor develop?
(3 marks)

A 45 kg climber is able to lift her body to a vertical height of 450 m. The she lowers herself down
to a height of 250m.

a. How much potential energy does she gain in climbing 450 m? (2 marks)
b. How potential energy does she lose on the way down to the 250 m mark?
(2 marks)
A 2300 kg car is travelling at 18.0 m/s. What is the car’s kinetic energy? (2 marks)

A 25 kg cart is moving with a speed of 6.4 m/s down a level hallway. A constant force of —10.0 N
acts on the car slowly it to 2.2 m/s.

a.  What is the change in kinetic energy of the cart? (3 marks)
b.  How much work is done on the car? (1 mark)
c. How far did the cart move while the force acted? (2 marks)

Tarzan swings from the top of cliff using a long rope-vine. The 15 m long vine is horizontal when
Tarzan jumps off the cliff. What is the speed of Tarzan at the bottom of the swing?
(4 marks)

A 450 kg roller coaster reaches the top of the first 78 m high hill with a speed of 11 m/s. (Assume
no friction)
a.  What is the speed of the hill at the bottom of this hill? (4 marks)
b. The car then climbs up the next hill and reaches its peak with a speed of 19 m/s. How
high is this hill? (4 marks)



12.

13.

14,

15.

16.

17.

18.

19.

A 0.0025 kg bullet travelling at 450 m/s strikes and embeds itself into a 6.7 kg sand bag.

a. What is the kinetic energy of the bullet before it hits the sand bag? (2 marks)
b. What kind of collision is this? (1 mark)
c. What happened to the “missing” energy? (1 mark)
d. What is the speed of the sand bag & bullet after collision? (3 marks)
e.  What is the kinetic energy after the collision? (2 marks)
f. How much energy was “lost”? (2 marks)

Which of these objects contains the most heat energy. Explain your answer.
a. 120 kg of water at 20 °C (2 marks)
b. 9.0 kg of water at 80 °C
c. 50 kg of copper at 47 °C

Convert: (4 marks)
a. 230Kto°C
b. -67°CtoK
c. 670°CtoK
d. 980Kto°C
A 23 kg piece of iron is heated up from 150 °C to 750 °C. How much thermal energy does this

take? (2 marks)

A 2.3 kg piece of brass is heated to 67 °C and is then immersed into some water initially at 20 °C.
The brass cools down to 29 °C. What was the mass of the water was used in this process?

(3 marks)
A 400 W electric immersion heater is used to heat a 250 g of water. The water is initially at 20 °C.
This process takes 120 s. What is the final temperature of the water? (4 marks)
A 45 kg piece of iron is heated to 95 °C and is then placed into 120 kg of water initially at 20 °C.
What is the final temperature of the water? (4 marks)

A soft drink from Canada is labelled “Low Joule Cola”. The label says 100 mL yields 1.9 kJ. The
can contains 375 mL. Jennifer drinks the whole can of cola and then wants to “burn off” the
energy from the drink by climbing stairs. How high must she climb if she has a mass of 65 kg to
“burn off” all of this energy? (Assume 1.0 mL of Cola has a mass of 1.0 g) (4 marks)



Physics 11
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13.
14.
15.
16.
17.
18.
19.

160 J

a) 60 times
3.7x10%)
a) 23000 J
a) 154000 J
112000 W
a) 198000 J
373000 J
a)-450)

.17 m/s
.a)41lm/s
.a)243)

Work, Energy, & Thermal Energy Review Worksheet — Answers

b) 5.10 x 10° N

b) 500 W
b) 6710 W

b) 88200 J
b) -450 ) c)45m

b) 66 m

b) inelastic collision c) converted to heat

f) Almost all of it: 253

a)

a) -43°C
6.21x 10°J
0.873 kg
66°C

23°C

11m

b) 206 K c) 947 K d) 707°C

d) 0.168 m/a

e) 0.095)



U06L04 Assignment

Exercises

1.

(a) Explain the difference between temperature, thermal energy and heat.
(b) Why is it strictly incorrect to say that a body *contains heat’?

. A sample of helium gas has a temperature of 20°C.

(@) What is its temperature in kelvins (K)?

(b) Inanother helium sample, the atoms have twice the average translational kinetic
energy.
What is the temperature of this sample in (i) kelvins? (ii) °C?

A large pot of near-boiling water has a small, red-hot nail dropped into it.

(@ Which has more thermal energy to begin with — the pot of water or the nail?

(b) Which has the higher average kinetic energy to begin with?

(c) Which will lose heat, and which will gain heat when the nail is dropped into the

pot of boiling water?

(d) After five minutes, which will have (i) more thermal energy? (ii) higher average
Kinetic energy?

Exercises

1.

2.

[Sa 1 >

How much heat is needed to raise the temperature of 90.0 kg of water from 18°C to
80°C?

If 1.0 MJ (megajoule) of heat is transferred to 10.0 kg of water initially at 15°C, what
will its final temperature be?

. 1f 12 kg of water cools from 100°C down to room temperature (20°C), how much heat

will it release to the environment?

. Why is water such a desirable material to use as a coolant in a car engine?
. If it takes 1200 J to raise the temperature of 0.500 kg of brass from 20.0°C to 26.2°C,

what is the specific heat capacity of brass?

. How much heat would be needed to warm 1.6 kg of ice from —15°C up to its melting

point of 0°C?

. A 5.0 kg block of lead at 250°C cools down to 20°C. How much heat does it give off

in doing so?

Exercises

1.

2.

If you must do 500 J of work to operate a pulley system, and the pulley system lifts a
150 N load to a height of 3.0 m, how efficient is the pulley system?

A kettle that is 80% efficient is rated 1200 W. At what rate does the water in the kettle
absorb energy (in watts)?



3. If a light bulb has an efficiency of 5.0%, at what rate does a 60 W bulb produce light
energy?

4. For every megajoule of chemical potential energy in the fuel used to run a certain
truck, only
120 kJ of useful work is done by the truck in making itself move. How efficient is the
truck? Where are some of the places that the energy from the fuel is wasted?

ANS.

2. (a) 293 K (b) (i) 586 K (ii) 313°C
3. (a) water (b) nail (c) Nail loses heat to water
(d) (i) water (ii) neither

.2.3x107J, 0r 23 MJ

39°C

.4.0x10%J, or 4.0 MJ

. Water has a very high heat capacity.
.€=3.9x10% J/kg/C°

5.0 x 10* J, or 50. kJ

1.5 x 10° J, or 150 kJ

NoUAWN R

90%

960 W

. 5% of 60 W is 3.0 W.
. 12% efficient



