


[ecsonl | WORK

e Work is the amount of energy TRANSFERRED and is measured in
JOULES (J).

1Joule = Nm = 1 kgm?/s*
e Work is done when an applied force acts through some distance.

e Work Formulae

W = Fd (F and d must be in the SAME direction)
oW = mad (since F = ma)

| oW = cos 0 Fd (for pulling of pushing)
rd
I I
d ——
Examples
Is work done by YOU here?

a) lifting anything. YES FET df
b) carrying anything across a room. NO FT d—
¢c) pushing or pulling a stationary object

NO F— or <~but d=0
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Leeson 1

d) carrying an object UP stairs. Yes as you move UP, butnotas
you move horizontally |

dt

Td
TF

FT  workis done as you move vertically
as F and d are in the same direction

ML

d— FT no work as youmove horizbntally.

e) down stairs. NO FT ldor —

° 17 =Nm =kgm x m = kgm?’
s s?
W /= Fd or mad or 1/2 mv?

Joules are a measure of work or energy
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Lesson L
Kinetic and Potential Enerqy (other forms of work)

- Work is measured in Joules: 1 J =1 Nm = 1 kgm?/s’

W=Fd or mad or1/2mv?

Kmetlc Energy: the energy of MOTION
E. = KE. = 1/2 mv?

e note the squared function, if v is “doubled”:
(2 x v) becomes (2v)* which is really 4v*
thus K.E. is increased by a factor of 4!
o KE is measured in J oules and is a form of work
When solving for v, rearrange the formula as follows:

*y =\ 2KE
m

Potential Energy: energy due to position or condition.

eP.E. (Ep) depends on:
i) the force acting on the object.

ii) the displacement (change in position or height)

= ma,d (or F, x h = ma, h)
SN ANy
emen

nt/distance height

E, = P.E. =

displace

Physics20.Dynamic.KePe9.Nordheimer o1



1. A 15.0 kg object is lifted at a constant velocity from the floor to a height of 1.50 m. Ho

object? ’

—2. A 10.0 kg object is pulled horizontally.5.00 m across a leve! frictionless floor using a horizontal net force of 3.00 N.
How much work is done on the object?

. .3, A3.0kg object is held 1.2 m above the floor for 15 s. How much work is done on the object?

v4, A50.0 kg box is pulled 11.0 m along a level frictionless surface by a rope. If the rope'makes an angle with the
surface of 35.0°, and the net force exerted through the rope is 90.0 N, how much work is done on the box?

5. A 1385 kg car travelling at 61 km/h is brought to a stop while skidding 42 m. What is the work done on the car by the
frictional forces?

6. A65.0 kg student runs up a flight of stairs at a constant velocity when late for a class. The vertical-height of the stairs
is 15.0 m. How much work is done by the student? :



7. A 32.0 kg object is accelerated from rest through a distance of 6.5 min 3.2 s across a level floor. If the force of
friction between the object and the floor is 4.5 N, what is the work done in moving the object?”

8. An 86.0 N box is pulled 7.50 m along a level frictionless surface by a rope. If the rope makes an angle of 39" with the
surface and the force exerted through the rope is 67.0 N, how much work is done on the box?

9, A crate with a mass of 5.0 kg is pulled 16 m along a horizontal floor to the right by a constant force of 70 N. The
coefficient of kinetic friction between the crate and the floor is 0.60.

a) Find the work done by each unbalanced force acting on the crate.

b) Find the net work done on the crate.

10. A 25.0 kg wagon is pulled with a force of 130N through the handle as shown below. How much work is done on the
- wagon if it moves forward 8.0m? (the handle makes a 22.0° angle with the horizontal; assume no friction).

Naats a)ss slos AT 51053 oy ) 21%102J 8) 391 J 4) +1.1x103J; -4.7 x 102 J /B) 964 J]

,: e
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MECHANICAL ENERGY

-~ A 150 kg object is lifted from the floor to a vertical height of 2.50 m. What is the potential .energy (gravitational) of the
' object with respect to the floor? (368 J) ‘ .

2. An object with a mass of 5.7 kg is dropped from a height of 8.0 m. What is the kinetic energy of this object as it hits the
ground? (4.5 x 102 J)

3. A 0.15 kg stone falls from the top of a building. An observer inside the building notices that the speed of the stone is 12
m/s at the top of the window and that the stone takes 0.25 s to travel past the window. The height at the top of the window is
38 m above the ground. [Ignore air resistance]

a) Find the kinetic energy, potential energy and total energy of the stone at the top of the window. (11J, 56J, 67J)

b) Find the kinetic energy, potential en.ergy and total energy of the stone at the bottom of the window. (16J, 51J, 67.)
c) Find the work done by the gravitatic')naIAforce. (5J)

d) Find the change in kinetic energy, potential energy, and total energy between the top and the bottom of the window.

(6.0J, -5.04, 0J)




4. A car of a mass of 1400 kg has an initial speed of 15 m/s at point A. Later, it has kinetic energy of 2.8 x 10° J at point B.

a) Find the kinetic energy of the car at point A, (1.6 x 105J) 1400kg ¢ /e 2.8x10°)
O .

= b) Find the speed of the car at point B. (20 m/s)

¢) Find the net work done on the car as it moves from point A to point B. (1.2 105 J)

\/5. A woman pulls a 12 kg crate (initially at rest) along a horizontal surface as shown in the diagram. She does 96 J of work
in the process and the crate moves 2.6 m. Ignore friction.

------ >
a) Find the final speed of the crate. (4.0 m/s) ' ‘ Ve

Fa
b) Find the acceleration of the crate. (3.1 m/s2) ‘ 12 kg 1IN kg —
¢) Find the horizontal force exerted on the crate by the woman, (37 N) ' N 2.6m------~ >

6. A person pushes an 85 kg refrigerator (initially at rest) 16m along a horizontal floor with a constant harizontal force of
220N. The coefficient of friction between the refrigerator and the floor is 0.20.

~ a) Find the work done on the refrigerator by the person. (3.5 x 103 J)
b) Find the work done on the refrigerator by the friction. (-2.7 x 103 J)
*c) Final the acceleration of the refrigerator. (0.63 m/s?)

d) Find the final speed of the refrigerator. (4.5 m/s)



7. A 10 kg sled is moving at an initial speed of 2.7 m/s along a horizontal trail of snow. The coefficient of kinetic friction
between the sled and the snow is 0.12. '

. @) How far does the sled move before it stops? (3.1m)
b) How much time does it take for the sled to come to a stop? (2.3s)
c) What is the work done on the sled by the frictional force? (-36J)

d) What is the kinetic energy of the sled before it begins to slow down? (36J)

8. A 56 kg student on a cliff holds a 32 m rope used as a swing. He starts from rest with the horizontal rope 34 m high. At
the lowest point, the rope is released and he falls into the water. Ignore air resistance. '

a) Find the student's kinetic and gravitational potential energy relative to the water level when the rope is horizontal. (0J,
1.9x104 J) ‘ '

b) Find the student’s gravitational potential energy relative to the water level when the rope makes a 60° angle With the
vertical. (8.8x108% J) '

¢) Find the work done by the force of gravity when he moves from the top of the cliff to the lowest position. (1.8 x 104 J)

/ 9. A skydiver falls freely to the ground at a height of 46 m. The work done on the skydiver by the force of gravity is 2.8x104J.
Find the skydiver's mass. (62 kg)
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Law of Conservation of Mechanical Energy

Mechanical energy is the energy of an object due
to its position (which is called potential energy, E;
or P.E) or motion (which is called kinetic energy,

Ex or K.E.} -

Mechanical energy can be either potential energy
or kinetic energy (or both)

Kinetic energy can be converted to potential energy
and vice versa Ex>Ep

Mechanical energy ( the sum of Ex and Ep) remains
constant in a frictionless system —
—law of conservation of mechanical energy
(assuming no energy is added and no energy is lost
(as heat or due to friction, etc.)

If there is friction, some mechanical energy 1s
converted into THERMAL (heat) energy.

Since mechanical energy remains constant in a
frictionless system; {z initial §= final

| - SR 2 | 2 |
EK.;FEP{: EK£+EP‘F oe -L-rnv‘ + mask,. - "i m\l‘ + mas\w,‘,

However WITH FRICTION:

Bi:+Ep: =Ex, +Ep. + W &~ Work doﬁe due
Y | ‘P‘ ¢ P fe 4o friction



" i.e. the sum of the initial kinetic energy and initial
potential energy is the same as the sum of the final -
kinetic energy and the final potential energy.

Initial | Final
|maghi+ 1/2I11(Vi)2 | maghyst I/Zm(vf)z
Example 1:

An english book is dropped from a helght of 12.0m.
‘What is its speed as it hits the ground?
Initial Energy: magh;+ Vom(vi)° |
vi=0 so Total energy = magh;
Final: maghfr%.mwi )" but he=0 so the final energy is

1 —
MO e maghi = & g e PR

SO maghi—: Yom ( ‘\q:) -

Masses cancel leaving

aghizl/Z(Vf)2

= J2a,h, = [2(3.80m/s”)(~12.0m)

S0
v, =153m/s




Example 2: An annoymg Care Bear is thrown
- vertically down from a 100m building at a speed of
10.0m/s. What i is Flat Bear S speed as it hits the

~ ground?

| The final helght 18 0 and the initial Veloc:1ty is. -
10.0m/s - maghi +lafivi” = magW  Japsv,

magh+ 1/2m(V1) ""1/2111(Vf) (all m’s cancel) —
agh+ Vo(vi) =Ya(ve)” | |

"V, \/ +/v ) or Vg = U@shi ”‘“’

\/4 98077/1/5‘2 F!—100771 /( 10. Om/s)z)
Cso S = '+5 L\'M/c | —

N
Y

_ Lo )v‘: , . , .
L e T . : : ' o N

Exqmple LY | o L -
A SS kg Fat toddler slides down a slide S-Om
hngh 1§ his/her speed ot the bottom is
a2.9m/g how much heat: was scnerafed ?
A a
amx‘ % mash = —m\tc a MOS\'\.‘ “w‘p kha B
o ~ o ~heat
oo mas"' "Lmv.F *w,“‘. L S :
(5Skg)(-9 QOm Y 5.0m)=% (55k9)(a Qnys\ & w‘.

26453 = 231.3T +wj, |
Wz 2463 F3 = 2.5m0' o



Lesson o,
Law of Conservation of Energy.

1. A heavy object is dropped ffom a vertical distance of 12,0 m above the grouhd. What is the speed of the object as it hits
the ground? (16.3 m/s). ~ ‘ o

2. A heavy object is thrown vertically down from the top of a 1.00 x 102 m building at a velocity of 10.0 m/s. What is the
speed as it reaches the ground? (45.4 m/s)

3. A heavy object slides down a frictionless surface. If the box starts from rest at the top of the incline, what is its speed at
the bottom? (9.4 m/s)

9.0m

4. A pendulum is dropped from the position shown in the diagram 0.75m above the equilibrium position. What is the speed
of the pendulum bob as it passes through the equilibrium position? (3.1 m/s)

/

1.2m

2

I 0.5m
1

5. A roller coaster car starts from rest at point A. What is the speed of the car at point C if the track is frictionless?

(7.0 m/s)
A
A C

A

—~

B
10.0m

7.50m
4.65m
A 4 v




6. A basketball is dropped out of a window 7.4 m above the ground. The basketball hits the ground and rebounds to 5.2 m.
lgnore air resistance.

- a) Find the speed of the basketball just before it hits the ground. (12 m/s)
b) Find the speed of the basketball when it rebounds. (10 m/s)

¢) If the mass of the basketball is 0.62 kg, find the change in mechanical energy of the basketball when it hits the ground
and rebounds. (13 J lost) ’

7. A0.050 kg ball starts from rest at point A and slides down a track of 2.2 m above the ground as shown in the diagram.
The ball reaches a speed of 3.4 m/s at point B. The length of the track from point A to point B is 4.6 m.

- a) Find and explain the change in mechanical enérgy of the ball from point A to point B. (-0.791J; iost to friction)

b) Find the average force of friction acting on the ball from point A tb point B. (-0.17N)

8. A student starts from rest at the top of a water slide. After leaving the horizontal bottom of the slide, she lands in the water
4.5 m from the edge of the slide in 0.36 s. Find the height of the slide from which she starts. Ignore friction and air
resistance. (8.0 m) '

9. A 46 kg skateboarder starts at one end of a semicircular track 6.8 m above the ground and rises to a height of 2.6 m
above the other end of the track. Ignore air resistance.

a) If friction is ignored, what is the skateboarder's initial speed?

*BONUS* b) If an average frictional force of 5.6 N acts on the skateboarder as the skateboarder moves on the track, what is
the skateboarder’s initial speed? '




P Ms [
A Lesson
Power and Efficiency

A, A 60.0 kg student runs at a constant velocity up the incline described in the diagram in 4.5s. Calculate the
power output of the student.

25m

/2. A 1.00 x 10° kg car accelerates from rest to a velocity of 15.0 m/s in 4.00 s. Calculate the power output of the
car in this 4.00 s. (assume no friction)

v 3. A 630 kg elevator is pulled at a constant velocity of 2.50 m/s by a 20.0 kW motor. Calculate the efficiency of the
motor.

@ 4, A7.0kg object is accelerated uniformly from rest to 7.5 m/s while moving 2.75 m across a level surface. If the
force of friction is 3.5 N, calculate the power output,

5. 1fa 275 kW motor has an efficiency of 79%, how long will it take to lift a 45.0 kg object to a height of 12.0 m at a
constant velocity?



6. A 62 kg runner starts from rest and reaches a speed of 7.2 m/s in 2.3 s (no air resistance). The runner then runs
the remainder of the race at a constant speed of 7.2 m/s running against a constant air resistance of 28 N.

(,""t"x’ a) Find the average power needed to accelerate the runner.

b) Find the average power needed to sustain the constant speed of 7.2 m/s for the remainder of the race

7. Acrane lifts a 2600 kg container under the influence of a constant frictional force of 3200N opposing its
motion. : ‘

a) If the crane lifts the container 7.8 m vertically in 3.0 s at a constant speed, what is the average power
delivered by the crane’s motor?

b) If the crane accelerates the container from 2.6 m/s to 3.2 m/s up in 3.0 s, what is the average power -
delivered by the crane motor?

8. A crane 1800 W motor lifts a 260 kg crate through a vertical height of 24 m in 56 s at a constant speed.
a) Find the average power needed to lift the crate.
b) Find the efficiency of the crane motor. B

(7 1)33x102W 2)28x104W 3)77.2%  4)28x102W  5)0.024 s 6)7.0x102W, 2.0 x 102 W

7)75x104W; 85x 104 W 8) 1.1 x 103 W; 61%



Lecson F

Energy
Problems:  Heat
Formuia: Afbn = mdle

Example Problems:

1.

An insulated container (negligible specific heat
capacity) contains 525 ¢ of water at a
temperature of 15.0°C. How mueh heal is
needed o raise the temperature of this water 1o
75.0°C?

AE, = mdte

= (0.525 kg)(?o 0°C ~ 15,0°CH4.18 x 107 Jikg+"C)
= 1,32 %105

An insulated container {(negligible specific heat
capadcity) cortains 478 g of water at a
temperatare of 15°C. If 325 g of hot water at a
tempsaraturg of 80,0°C is added, whal is the
temperature of the water in the container when it
is completely mixed?

heat gained by cold water « heat lost by hot water =
ar AEre + dE = 0
mglete * MpdhiCn =0
(0.476 kg~ 15.0°CH 18 % 109 JkgC) +
{0,325 kg){k — 80.0°C)4.18 x 108 Jkg-°C} = 0
{1.99 x 103 JFClfy~ 2.98 x 10* J +
{1.36 x 107 I QY ~ 1.08 x 108 U = 0

(3.34 £ 108 DGl = 1,58 x 108 )
4 = 41.4°C

When 0.300 kg of lead (¢ = 1.30 x 10° J/kg*"C)
at a temperature of 165°C is added t¢'water at a
temperature of 15,0°C, the temperature of the
waler ralses to 25.0°C. What is the maas of the
waler? (Assume the water is in a container thal
has negligible heat capacity.)

heat gained by water + haal lost by lead = 0

or A + B = 0

’ M g + M adtio = 0
Me(25.0°C — 15.0°CH4.18 3 103 Jkg'C) +

{0.300 kg)(25.0°C ~ 165°C)(1.30 x 102 Jfky+"C) = 0

{4,18 x 10° Jkg)mw ~5.46 1070 =0

my = 0,131 ]

Practice Problems:

1.

2%

Aninsulated container (negligible specific heat
capacity) conlains 462 g of waler ata
temperature of 24. 0°C. How much haat is
negded {o rise the temperature of the 462 g of
water from 24.0°C to 80.0°C?

(1.08 x 103 )

How mugch haal is needed to raise the
temperalure 01’ 462 g of copper
{c=130% 102 Jikg*0) from 24.0°C 16 80.0°C?

{3.35 x 10° )

What is the final temperature of 0,200 kg of a
clear liquid (¢ = 3.47 x 10* Jkg*C) at an ongznaf
temperature of 20.0°C when it gains 2.50 x 100 J
of heat?

(56,0"C)

Cuasthe Rock Research
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4. What mass of water can be heated from 25.0°C 7.

to 40.0°C using 2.10 x 10" J of heat?

{0.335 kg)

5, An insulated container (negligible spedific heat
capacity) containg 185 g of water at a
ismperature of 12,.0°C. if 285 g of water ata
temperature of 85.0°C is added, what s the final
temperalure of the mixture whan it is completely
mixed?

{56.9°C)

A 0.240 kg copper mass Is heated fe 215%°C and
quickly placed in an insulated container
(negligible specific heat capacity) that containg
0.275 kg of water that has a temperature of
12.0°C. What is the final temperature of the
watar? '

azs

(27.3°C)

Energy

A student did an experiment to determing the
specific heat capacity of an unknown metal.
She healed 0,352 kg of the metal to 215°C and
quickly placed it in an Insulated container
{negligible specific heat capacity) that contained
0.265 kg of water at a temperature of 26.0°C. if
the final temperature of the water is 33,0°C,
what is the specific heat capacily of the mstal?

(1.21 x 107 Jkgr"C)

Arain drop (mass = 1.00 g} is traveling at a
speed of 40 m/s when it hits the surface of 100 ¢
of water contained in & drinking glass. Whalis
the change in temperature of the water in the
glass if we assume that i) all the kinelic enargy
of the raindrop ig converied 1o energy that
changes the water's temperature, and i) the
water in the glass and the raindrop were &t the
same original lemperaturg?

(0.481°C)

Not for Reproduction 231
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L@@Son 5

Physics 11 = Enerqy Review

1. A 565 N object is pulled at a constant velocity up an incline with a force of 237 N as shown in the diagram.
T=237 .

AR

Assume that the difference between the work output and the work input is the work required to overcome friction.
~ a) What is the force of friction along the incline? . (-123 N)

b) What is the efficiency of the system? (48%)

© 2. You exert a force of 435 N in pulling 12.4 m of rope in using a pulley system to lift a 1.34 X 102 N object 4.50 m. What is
the efficiency of this pulley system?

(11%)

3, 134 kg of a clear liquid (specific heat capacity = 5.45 x 102 J/kg+°C) at a temperature of 23.0°C gains 4.34 x 108 J of heat.
What is the final temperature of the liquid?

(82.4°C)

v4, A 346¢ sample of metal (specific heat capacity of 3.45 x 102 J/kg*°C) was heated 176°C and quickly placed into an
insulated container with 750g of water at a temperature of 20.0°C. What is the final temperature of the water?

(25.4°C)

w5 A 2.30 x 104 W electric motor is used to lift a 755 kg object vertically 17.0 m at a constant velocity in 35.0's. What is the
efficiency of the motor?

(15.6%)
6. A 2000 kg object is raised vertically at a constant velocity of 3.50 m/s by a crane. What is the power output of the crane?
(6.86 x 104 W)

7. What is the average power of a 57.0 kg sprinter accelerating from rest to 1.75 m/s in 5.5 s? [assume no friction]

(15.9 W)

12



v 8. What force is required to accelerate a 25.0 kg object from rest to 4,00 m/s along a 4.25 m horizontal frictionless surface?

(47 N)

-9, A roller coaster is travelling without friction as shown in the diagram. If the speed of the roller coaster at A is 2.5 m/s, what

v~ is the speed at B? } A
i oy}
{1.0m
615 mI

(10.9 m/s)

10. A heavy object was dropped from some distance above the ground. When it reached the ground, it had a speed of 7.65
m/s. From what height was the object dropped?

(2.98 m)

11. A 4.5 kg object travels vertically at a constant velocity of 2.3 m/s. What is the increase in gravitational potential energy
after 4.3 s?

(4.4 x 102J)

v12, At what speed would a heavy object hit the floor if it was lifted vertically from the ground at a constant speed of 2.1 m/s
 for1.7s and then dropped? ‘

(8.4 m/s)

13. Calculate the kinetic energy of a 1345 kg car travelling at a speed of 30.0 km/h.
(4.67 x 104 J)
v14. What is the gravitational potential energy with respect to the ground of a 35.0 N object that is 3.0 m above the ground?
| (1.1 x 102)

15. A 5.6 kg object is pulled 7.5 m at a constant velocity of 5.0 m/s along a horizontal surface by a force of 3.0 N. What is
the work done on the object to overcome friction? :

(-23J)
v16. How much work is done on a 5.7 kg object to accelerate it from 7.0 m/s to 14.0 m/s in 5.40 s?[assume no friction]

(4.2 x 102J)



17. A crate with a mass of 15.0 kg is pulled 24 m along a horizontal floor to the right by a constant force of 240 N. The
coefficient of kinetic friction between the crate and the floor is 0.33.

a) Find the work done by each unbalanced force acting on the crate. (5.7x10%J; -1.2x103))

b) Find the net work done on the crate.(4.6x103)

18. A 55 kg runner starts from rest and reaches a speed of 2.3 m/s in 4.0 s with an air resistance of 13 N. Find the a\)erage
power needed to accelerate the runner.

(52 W)

19. A crane lifts a 1500 kg container under the influence of a constant frictional force of 550N opposing its motion.

a) If the crane lifts the container 15 m vertically in 12.0 s at a constant speed, what is the average power delivered by the
“crane's motor? (1.9x104W)

b) If the crane accelerates the container from 1.2m/s to 4.0 m/s up in 6.0 s, what is the average power delivefed,by the
crane motor? (4.1x104W) ' -

20. A 2.3 kW electric motor is used to lift a crate (780 kg) to a height of 11.0 m in 43.0 s at a constant velocity. What is the
efficiency of the motor? (85%) -

|



21. A person pushes a 185 kg piano (initially at ‘rest‘) 16m along a horizontal floor with a constant horizontal force of 1220N.

.. The coefficient of friction between the refrigerator and the floor is 0.20.

a) Find the.work done on the piano by the person.(2.0x104))
b) Find the work done on the piano by the friction. (-5.8x10%J)
c) Final the acceleration of the piano. (4.6m/s?)

d) Find the final speed of the piano.’(12.1m/s)

22. A tennis ball is dropped out of a window 4.4 m above the ground. The tennis ball hits the ground and rebounds to 2.1 m.
Ignore air rgsistance. ,

a) Find the speed of the tennis ball just before it hits the ground. (9.3 m/s)
b) Find the vspeed of the tennis ball when it rebounds. (6.4 m/s)

c) If the mass of the tennis ball is 0.30 kg, find the change in mechanical energy of the basketball when it hits the ground
and rebounds. (6.8 J transformed to other forms of energy).
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" MICHELSON AND MORLEY

. Maxwell's theory of EMR did away with the need
 -r ether as a supporting medium for light waves. EMR
-5 composed of vibrating electric and magnetic fields
that generate each other. No medium is required.
Maxwell's theory, however, introduces another question,
“What is the speed of light (EMR) relative to?" In
Maxwell's theory there is only provision for one speed
(3.00 x 108 m/s). What is this speed relative to? Is there
an absolute frame of reference in the universe? An
absolute frame would be a frame that does not move.
Scientists believed that the ether was this absolute
frame of reference. The ether does not move, but the
earth, etc., move through space (ether). It was therefore
assumed that Maxwell's theory gives the speed of EMR
(light) relative to ether. Maxwell's theory does away with
the need for ether as the supporting medium, but
introduces the need for ether as the special frame of

reference.

Michelson and Morley designed an experiment to
measure the speed of light refative to ether. What they
+id'was 1o compare the speeds of light travelling in two
~ arpendicular directions relative to the earth's motion
“inrough the ether. They expected to find a difference in

emal
NucFusion
EMR | ’

dopen 10 € yerno2,

Michelson and Morley
were unable to detect
the ether.

the measured speed of light depending upon how their
apparatus was oriented with respect to the ether wind. |
To detect such a small difference in spéed, Michelson - Ihheessap;zdin";:ﬁ:‘;:je?gpfegfe
and Morley used an interferometer that produced an ’ gnce. ' ~
interference pattern between two parts of a split beam of
light moving in different directions with respect to the -
ether wind.  Any small difference in the velocity of light
along the two paths would be indicated by a change in
the interference pattern as the apparatus is rotated. The
great importance of this experiment was its failure to
show what was expected —_there was no change in the/v
interference pattern. 1he speed of light was the same
“whether it travelled parallel or perpendicular to the ether
wind. This result is called the "null" result and was a

great puzzle of the time (late 1800s).

Figure 15.6

This is called the "null"
result. o

mirror

Light — |
/
: . mirror

Y~ observer

In terferome _ter.



The idea is like a boat on a river. If the boat is-"
moving with the water, it will travel at a different speed
than it will when moving perpendicular to the water
movement. [

Many theories attempting to explain the speed of
light were proposed by the scientists of the time, but the
S . first person to account for it satisfactorily was Einstein.
Einstein: "What would | Einstein asked himself the question, "What would | see if
see if | rode a light - - | rode a light beam?" In thinking about this question,
beam?” Einstein concluded that the speed of light could not be
Erom the earth frame of refer- zero with respect to any observer -- because if it could
ence, light takes 30 000 years to not be zero, it could not be reduced for any observer.
travel from the center of the That is, the speed of light-is the same for all observers
gﬂyg';grxvivmg;'i;g;:;;“;j;’ o . (for all frames of reference). This may not make sense
ence of a high-speed spaceship, 2 to us because we think in earthly terms. The speed of a
‘thetrip;akis '632;‘2;7{ i’t"i't‘l;;e car on the street depends on the frame of reference.
ILZ’TET&;&?ES ime. Theres | The speed of the car is not the same if the reference
" no time in a speed-of-light frame point is a parked car, or a car moving in the same
of reference. direction as the car, or in the opposite direction tc the

car. If the speed of light is the same for all observers
(does not depend on the frame of reference), this does

away completely with the need for ether.

EINSTEIN'S SPECIAL THEORY OF RELATIVITY

The special theory of relativity is based on two
assumptions or postulates.

Figure 15.8 A - 4+ The laws of physics in all uniformly moving frames of
A person playing pool on a X _

 smooth and fast-moving ocean reference are the same.
liner does not have to make ) .

" adjustments to compensate for . . .
the speed of the ship. The laws A person playing pool on a smooth and fast moving

' of physics are the same for the ocean liner does not have to make adjustments to
ship whether it s moving un compensate for the speed of the ship. There is no
formiy eriostrest experiment confined to the ship that can be done to

determine whether or not thereis uniform motion.

 The speed of light in space is the same for all
observers, regardless ofthe motion of the source or

_ observer.
Er:‘\g ‘55? , !
A thinks T
fflf;tw;‘ksd B thinks she (s ot rqs;r
{:L \ Jb 8 = Q\hd P\‘é mD\’N‘S
Ying by. Who is Cight? EO\




In order for the second postulate to be correct

without breaking the first
__interesting conclusions.

stance and/or time cannot be.
" stance divided by time (v = dft).

same in all frames of reference.

postulate, there are some
If velocity is absolute, then
Velocity is equal to

If v does not change
(is absolute), then distance and/or time must change.

That is, distance and time depend
reference. To use time as an examp

This is illustrated by the story
twin was to travel into space.

calculation, the trip would

take fifty years.

on the frame of
le: time is not the

of the twins. One
From the twins’
The twins

were already twenty-five; therefore, when they returned

‘to earth they would b
to make the journey,
that the space craft to
just under the speed of light.
twin that remained on earth

e seventy-five. Neither twin wanted
but one had to. It should be noted
be used could travel at a speed
Fifty years passed. The
was an old man, but when

his twin stepped from the spacecraft, he still looked

twenty-five. Time in the two
the same. Fifty years passed 0
months passed on
~ Finstein's special th

the space cra

frames of. reference was not

n earth; but only a few

ft. Time, according to
eory of relativity is hot absolute.

In the same way, mass depends on the frame of

reference -- it is not absolute.
concerned, it is mass that we mu

time, depends on the speed it is travelling.
increases with speed according to

equations:

) "L‘mo

st de

the

As far as this course is

al with. Mass, like
Mass

following relativity

Tirme Dilabio n(_&eﬁ:

i
ay .
o= To

m = relativistic mass mo = rest mass
v = relativistic speed ¢ = speed of light
Ex = (m - mg)c?
E = energy m = relativistic mass
Mg = rest mass c = speed of light
When we are dealing with ‘masses travelling at

speeds that approach the speed of light, we first

must calculate the relativistic mass using these

formulas. A rough guide for

using relativity is

speeds greater than 7.5 X 107 m/s (25% of the

speed of light.

INEI 2%

Speed of light is the
same for all observers.
Time is not absolute but
depends on the speed.

. mo} to) Lo 15
rest value R the
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£lies by Y.

Mass is not absolute but.
depends on the speed.
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Letson (s |

Physics 11 - Special Relativity Review Name:

- 1. An astronaut is travelling at a constant speed of 6.25 x 107 m/s thféugh space relative to earth. According to timing
devices aboard the space vehicle the trip lasted 3.50 years. How long did the trip take if measured relative to earth?,

(3.58 years)

2. A space vehicle is travelling at a constant speed of 0.870c parallel to a brick wall. If this wall appears to be 60.0 m long as
observed by the astronaut on the space vehicle, how long is the wall to an observer standing along side of it?

(122 m)

3. A meter stick is moving parallel to the earth at a constant speed of 0.750c relative to earth. What is the apparent length of
the meter stick to an observer standing on earth?

(0.66 m)

4. Calculate the rest mass of an object that has a relativistic mass of 6.75 x 10-8 kg at a speed 2.60 x 108 m/s,

(3.37 x 106 kg)

5, Calculate the energy produced if a 10.0 kg mass was 100% converted to heat.

(9.0 x 1017)

6. You are travelling through spéce and have aged 3 years. Your friend who remained on earth has aged 7.5 years. How
fast was your space vehicle travelling through space relative to earth?

(275 iOB m/s) -

7. Calculate the relativistic mass of an electron that is travelling 0.92c. (hint; use your formula sheet for the rest mass of an
electron)

(2.32 x 1030 kg)

8. What mass would be required to produce 8.20 x 10" J of heat if the mass was 100% converted to heat?

(0.009 kg)

b



L@ﬁ%@ " é e VT .

9 Two children with toy laser guns fire a laser beam at the ends A and B of
a moving train as shown in the diagram. Two observers are midway between
points A and B. The observer standing on the ground says the laser beam

e U

'~ was fired at the same time. Gl ___H+._ d 2y

a) What would the observer sitting on the train say concerning the two firings?
Explain your answer.

b) What would the observer standing on the ground say concerning the two firings? Explain your answer.

c) What observer is correct concerning the two firings? Explain your answer.

10. Vega, the fifth brightest star in the night sky, is located 26 light years
. from the earth. An astronaut sets out on a journey to Vega at a speed of
0.98¢ relative to the earth, leaving her 32-year-old twin sister behind on

the earth. Assume that the earth and Vega are stationary relative to each _ \;;1
other. [light-year is a measure of length and time] .

a) How long does the journey take according to the twin sister on earth? (26.5 years)
b) What are their ages as the astronaut reaches Vega? (37.1 years old, 58..5 years old)
c) What distance to Vega does the astronaut measure? (5.2 light years)

d) If the astronaut wants to age only 3.0 years during her journey to Vega, how fast must she travel? = (298 x 108 m/s)

11, An astronaut on a spaceship moving at a speed of 0.62¢ relative to the earth measures her heartbeat rate to be 74
beats per minute. The signals generated by her heartbeat are transmitted to the earth.

a) Find the heartbeat rate as measured by an observer on the earth. (58 beats/min)
b) If the speed of the spaceship increased to 0.90c, what is the heartbeat rate as measured by an observer on the earth?
‘ : (32 beats/min)

\12. A student is standing next to a runway when an airplane
Both the student and the passenger in the airplane are looking at the runway.

a) Which of them measures the proper length of the airplane? Explain the answer. i

b) Which of them measures the proper length of the runway? Explain the answer.

13. A car of rest mass mo = 2100 kg is traveling at a speed of 0.5¢ relative to the earth.
| a) Find the mass of the car as measured by the person on the ground. : (m=2425 kg)

b) Find the momentum of the car as measured by the person on the ground. o (3.6 x 10" kgem/s)

\F



their distance to the earth.
You are hit by.hundreds of
muons every.second!
Muon impact, like that of
all hiigh=speed elementary
particles; causes biologi-
cal-mutations: So-we see
a link between the effects
of relativity and the evolu-
tion of living creatures on
earth. '

The Twin Paradox

:C%
A

(Time dilation)

<

t
L7

Review Questions

1. If we witness events in a frame of reference

moving past us, time appears to be stretched
out (dilated). How do the lengths of objects in
that frame appear? (16.1)

'How long would a meterstick appear if it were
thrown like a spear at 99.5% the speed of
light? (16.1)

How long would a meterstick appear if it were
traveling at 99.5% the speed of light, but with
its length perpendicular to its direction of
motion? (Why are your answers to this and
_the last question different?) (16.1)

If you were traveling in a high-speed space-
ship, would metersticks on board appear °
contracted to you? Defend your answer. (16.1)

What is meant by the equivalence of mass
‘and energy? That is, what does the equation
. B, = mc? mean? (16.3)

& l?oes the equation E, = nc? apply only to reac
tions that involve the atomic riucleus? (16.3)

+ and énginegrs—especially

<4 Figure 15.16
The traveling twin does not age
as fast as the stay-at-home twin.

LINK TO TECHNOLOGY

by ey

“eyeryday life to scientists
" those who -design equip-
meént for global-navigation
work. :

Length Contrdction

uv=0 " =0.8Tc

Figure 16.3 A
As relative speed increases, contraction in

r=0995¢ =0999c u=c(?)

the direction of motion increases.

Lengths in the perpendicular direction do not change. >

21






Lesson b Keﬂ

Physics11-Special Relativify Review | Name:

smit #HD

. 1. An astronaut is travelling at a constant speed of 6.25 x 107 m/s thrbiugh space relative to earth. According to timing
devices aboard the space vehicle the trip lasted 3.50 years. How long did the trip take if measured relative to earth?.

“{:‘0 me )
L
v = 3 .55ydar
-2 m;"?,, e Fyeers ‘ (3.58 years)
s .

2. A space vehicle is travelling at a constant speed of 0.870c parallel to a brick wall. If this wall appears to be 60.0 m long as
observed by the astronaut on the space vehicle, how long is the wall to an observer standing along side of it?

i

e A 2 ‘ :
_. e (067,
: : e (122m)

3. A meter stick is moving parallel to the earth at a constant speed of 0.750c relative to earth. What is'the apparent length of
the meter stick to an observer standing on earth?

-‘“ o s st

v = , s o :
ﬁ jO IJ / “{‘P&{» /ﬂv /\ 0 O y“// Cez:‘“’f:")”‘ b @a * éél’?“) v (0,66 m)
4. Calculate the rest mass of an object that has a relativistic mass of 6.75 x 10-18 kg at a speed 2.60 x 108 m/s.
, g S
At '%"’“ L9 f@w'[é; - j::_ﬂ::;.,,m '
//;j;’/f'ga , A7-1 ié?f;ﬁ?,,ﬁ e wsme e, (3.37 x 108 kg)
¢ ENT ) GL '

* 5. Calculate the energy produced if a 10.0 kg mass was 100% converted to heat.

Cemc?  (b.0)(3ooxre®) | 2.0 w0’ (9.0x107J)

6. You are travelling through spéoe and have aged 3 years. Your friend who remained on earth has aged 7.5 years. How \

fast was your space vehicle travelling through space relative to earth?

£ B 95 2. .
"o A 'le . v:‘:.;' wu:—:::a_ﬂm':‘ - L9 }{/ éj
g\/ /- e V= 205210/ (275X 108 mfs)
('/' P, e .

200500
7. Calculate the relativistic mass of an eqect%% {hat is travelling 0.92c. (hint: use your formula sheet for the rest mass of an
electron)

A - 5 s ‘ - B¢ . ) .
g m wwf e T @3RN0 T kg
A{f - Qﬁ: (VDVM_:;) . _ Ol, (2.32 x 1030 kg)
&y ' Do

~ 8. What mass would be required to produce 8.20 x 101J of heat if the mass was 100% converted to heat?

E= me”
8. soxof = M (3.00 vro®

Kﬁﬂ: D@@;’Aﬂm > : : ]b

(0.009 kg)



~. was fired at the same time.
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9. Two children with toy laser guns fire a laser beam at the ends A and B of
a moving train as shown in the diagram. Two observers are midway between
points A and B. The observer standing on the ground says the laser beam

a) What would the observer sitting on the train say concerning the two firings?
Explain your answer.

b) What would the observer standing on the ground say concerning the two firings? Explain your answer.

c) What observer is correct concerning the two firings? Explain your answer.

10. Vega, the fifth brightest star in the night sky, is located 26 light years
. from the earth. An astronaut sets out on a journey to Vega at a speed of
0.98c relative to the earth, leaving her 32-year-old twin sister behind on
the earth. Assume that the earth and Vega are stationary relative to each
other. [light-year is a measure of length and time] ‘

-,

Yepga
L

)

a) How long does the journey take according to the twin sister on earth®L = i = 24 Gyens (26.5 years)

'tD ,
b) What are their ages as the astronaut reaches Vega? + = - 50 - % , 37.1 years old, 58.5 years old
te A=, 2% —3.98" ‘fa=§u-l( ‘ / gg %gy 9.6 Zgorsa(é

ar 324672:37
)Whatdlstanoe to Vega does the astronaut measure?,- ik gours jA 3:\304@0‘!5@ (5.2 light years)

d) If the astronaut wants to age only 3.0 years during her journey to Vega, how fast must she travel? = (2.98x108m/i . -

i a :
- ,_,,...,?Eo-m 5 - Ry Y ¢
v /mf‘/i 24 ¢ “/ ;‘: LAV 20ER M/
11. An astrongut on a spaceship movmﬁ at a speed of 0.62¢ relative to the earth measures her heartbeat rate to be 74

beats per minute. The signals generated by her heartbeat are transmitted to the earth.

s _el,,\ / -—Z - 55 é{(bﬁ"(‘) P A
a) Find the heartbeat rate as measured by an observer on the earth. 2 = i 9 _ (58 beats/min)
b) If the speed of the spaceship increased to 0.90c, what is the heartbeat rate s measured by an observer on the earth?
+o : ‘
:{”’*"';fr = fﬁf} £, v 32 Logits AN (32 beats/min)

12. A student is standing Mexttoa runway when an airplane
Both the student and the passenger in the airplane are looking at the runway.

a) Which of them measures the proper length of the airplane? Explain the answer.

b) Which of them measures the proper length of the runway? Explain the answer.

13. A car of rest mass mo = 2100 kg is traveling at a speed of 0.5¢ relative to the earth.

g ¢ 00 gk ¢
) Find the mass of the car as measured by the person on the ground. /1 «- LA S o ;;2%2(m=%4_f,25 kg) -
/ /- Wf , f/ (f’ icﬂ):
b) Find the momentum of the car as measured by the person on the ground. o er (3.6 x 101 kgem/s)

p=m
= (atabkg )( 055 B0 oY) 5,5></Q’%q\m/5 , |+



