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Physics 12 — Uniform Circular Motion

Uniform circular motion is the motion of an object moving at a constant speed in a circle
with a fixed radius. Notice that it is the speed that is constant, not the velocity (as the

direction is constantly changing).

Speed is defined as:

Time: When dealing with circular motion, we use the period

of motion (T) as the time it takes to complete one rotation.

Distance: ~ When traveling in a circular path, the distance

travelled is equal to the circumference of that circular path.

The speed of an object moving with uniform circular motion is therefore given by:

This formula allows us to determine the speed of the mass. Now, how do we determine the

acceleration? Is the mass accelerating?

While the object is traveling at a constant speed...the object is constantly changing direction.

The definition of acceleration is:

Even though the object is traveling at a constant speed, anything traveling in a circular path

has acceleration due to the continual change in direction

This acceleration is found using:




In uniform circular motion, the velocity and the acceleration are continually changing

direction, and are perpendicular.to each other at each moment.

Example: The force on the stone swung on the end of a string is .
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the force exerted inwardly by the string. When released,
the stone will fly off tangentially, in the direction of the

velocity it has at the moment.

Centripetal Acceleration et

As seen in the diagram, the force that is exerted on the object is directed toward the center of
the circle. This means that the acceleration must also be directed toward the center of the

circle.

The velocity is always directed along the tangent of the circle = perpendicular to the

acceleration.

According to Newton's Laws of Motion, if an object is accelerated toward the center, then

there must also be a...

This center-seeking force is called the centripetal force.

Centripetal Force

Centripetal force is a name given to any force that causes an object to move in a circle.

Examples include: Tension through a string as in the rock example, friction as when a car
rounds a curve on a highway, gravity as when the moon circles the Earth, or electrical as

when an electron orbits a proton.

In circular motion, the force vector is always perpendicular to the velocity vector.

Centripetal Force:

In uniform circular motion, because the acceleration is uniform, the force that is causing the

acceleration must also be uniform.




Centrifugal Force?

While centripetal means “center-seeking”, centrifugal means “center-fleeing”. Centrifugal
force is really just an apparent force —is does not actually exist. It is the apparent force that

causes an object to move along a straight line. However, Newton’s First Law tells us you do

not need a force to keep an object moving in a straight, only to change its direction.

:, What we sometimes call a centrifugal force is really the object’s inertia.

Example: A 0.50 kg mass hangs on a frictionless table and is attached to hanging weight. The

0.50 kg mass is whirled in a circle of radius 0.20 m at 2.3 m/s.

(A) Calculate the centripetal force acting on the mass.  (B) Calculate the mass of the hanging weight.

Example: A car traveling at 14 m/s goes around an unbanked curve in the road that has a radius of 96

m. What is its centripetal acceleration?

What is the minimum coefficient of friction between the road and the car’s tires?

Example: A plane makes a complete circle with a radius of 3622 m in 2.10 minutes. What is the speed
of the plane?
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Additional Problems |

CircularMotion
vector
directions: 1

&

1. Calculate speed if r = 3.2 m and time for revolution is 1.9s. (11m/s)

2. Calculate F, on a 555 kg object, r = 60m, v = 36 m/s. (1.2x 10*N)
3. Calculate F; on a 200 kg object, r=100m, v=20.0 m/s. (800N)

4. Calculate a. with r = 1234m, and t = 3.0 min. (hFm/s”)
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Uniform Circular Motion Problems

1. A ball is swung on the end of a string at a constant speed in a horizontal circle. |

-

a) Which path does the ball follow at the moment the string breaks?

b) Which path represents the direction of the velocity of the ball?

¢) Which path represents the direction of the acceleration of the ball?

d) Which path represents the direction of the force exerted on the ball by the string?

2. A car is about to go around a curve. Using principles of physics, explain the following

questions.

a) Can the car go around the curve with a constant speed?

b) Can the car go around the curve with zero acceleration?

¢) Can the car go around the curve with constant acceleration?



3. A small stone rests on the edge of an antique vinyl record player which is whirling around

at 33 rotations per minute,

Axis of rotafion

a) Draw a diagram showing the forces acting on the stone.

i
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b) What provides the centripetal force to keep the stone on the record?

4. Calculate the centripetal force acting on a 925 kg car as it rounds an unbanked curve with
a radius of 75 m at a speed of 22 m/s. (6.0 x 10> N)

5. A small plane makes a complete circle with a radius of 3282 m in 2.0 minutes. What is the

centripetal acceleration of the plane? (9.0 m/s?)

6. A car with a mass of 822 kg rounds an unbanked curve in the road at a speed of 28.0 m/s.
If the radius of the curve is 105 m, what is the average centripetal force exerted on the car?
(6.14 x 10° N)

7. An amusement park ride has a radius of 2.8 m. If the time of one revolution of a rider is
0.98 s, what is the speed of the rider?




8. An electron (m =9.11 x 10®** kg) moves in a circle whose radius is 2.00 x 102 m. If the force
acting on the electron is 4.60 x 104 N, what is the speed of the electron? (3.18x107.m/s) .. ..

9. A 925 kg car rounds an unbanked curve at a speed of 25 m/s. If the radius of the curve is 72
m, what is the minimum coefficient of friction between the car and the road required so that
the car does not skid? (0.89)

10. A 2.7 x 10° kg satellite orbits Earth at a distance of 1.8 x 107 m from Earth’s center at a
speed of 4.7 x 10° m/s. What force does Earth exert on the satellite?

11. An athlete whirls a 3.7 kg shot-put in a horizontal circle with a radius of 0.90 m. If the

period of rotation is 0.30 s,

a) What is the speed of the shot-put when released? (18.8 m/s)

b) What is the centripetal force acting on the shot-put while it is rotated? (1.45 x 10° N)

¢) How far would the shot-put travel horizontally if it is released 1.2 m above the ground?
(9.3m)



12. Calculate the speed and acceleration of a point on the circumference of a 33.3 phonograph

... .record. The diameter of the record is 30.0.cm. (It makes 33.3 revolutions per minute). (0.52

m/s, 1.83 m/s?)

13. A string requires a 135 N force in order to break it. A 2.00 kg mass is tied to this string
and whirled it in a horizontal circle with a radius of 1.10 m. What is the maximum speed that

the mass can be whirled without breaking the string? (8.62 m/s)

14. A 932 kg car is traveling around an unbanked curve that has a radius of 82 m. What is the

maximum speed that this car can round this curve without skidding?
a) If the coefficient of friction is 0.95?7 (27.6m/s)

b) If the coefficient of friction is 0.40? (17.9 m/s)
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\Q Checking for Understanding:

Circular Motion

‘/ i.)PREDICTIONS:

Situation 1:
A curious physics 12 student is playing with a
stopwatch. He/she twirls it carefully above

hig/her head in a horizontal circle. As the speed

of the stopwatch is changed he/she notices the
tension in the cord:

a. stays the same
b. increases with increasing speed
c¢. decreases with increasing speed

ii) COMPARE your answers with a partner
iii) TEST your predictions

1.)PREDICTIONS:
Situation 2: Now the curious physics student twirls the
stopwatch carefully in a vertical circle. He/she notices

the tension at the top of the swing compared to the tension

in the string at the bottom of the swing is:

a. the same

b. greater at the top than the bottom of the swing

c. less at the top than the bottom of the swing

ii) COMPARE your answers with a partner
1ii) TEST your predictions

i.)PREDICTIONS:

Situation 3: The curious physics student twirls the
stopwatch as slowly as he/she possibly can while still
keeping the object moving in a vertical circle. He/she
notices the tension at the top of the swing:

a. zero
b. the same as the tension n the string at the
bottom of the swing

ii) COMPARE your answers with a partner
iii) TEST your predictions

vi) EXPLAIN WHY the stop watch behaved as it did in EACH
situation



Physics 12 ~Circular Motion Lab Activity- i, concler] version ~ Names:

Situation 1: A curious physics 12 student is playing with a mass on a string (as physics students like to do!)
He/she twirls it carefully above his/her head in a horizontal circle. As the speed of mass is changed he/she
notices the tension in the cord:

a. Stays the same

b. Increases with increasing speed

¢. Decreases with increasing speed

i) DISCUSS and PREDICT what will happen BEFORE you test this. Include an explanation for your

prediction below.

ity TEST your predictions and describe what you discovered.

iit) Determine the Centripetal Force and Centripetal Acceleration of your mass during its circular path.
SHOW ALL FORMULAS, VALUES AND WORK.

Fc=

ac=




Situation 2: Now the curious physics student twirls the mass carefully in a vertical circle. He/she notices the

tension at the top of the swing compared to the tension in the string at the bottom of the swing:

a. Thesame
b. Greater at the top than at the bottom of the swing
c. Less at the top than at the bottom

i) DISCUSS and PREDICT what will happen BEFORE you test this. Include an explanation for your

prediction below.

ii) TEST your predictions and describe what you discovered.

iii) Determine the Tension at the TOP and the Tension atthe BOTTOM for your string. SHOW ALL
FORMULAS, VALUES AND WORK.

Ttop =

Thottom =




Situation 3: A curious physics 12 student is still playing with a mass. He/she twirls it as slowly as he/she
possibly can while still keeping the mass in a vertical circle. He/she notices the tension at the top of the -
swing:

a) Iszero

b) Is the same as the tension in the string at the bottom of the swing

i} DISCUSS and PREDICT what will happen BEFORE you test this. Include an explanation for your
prediction below.

it) TEST your predictions and describe what you discovered.

iv) What is the minimum speed of the object at the top of the motion for the object to remain in its circular
motion? SHOW ALL FORMULAS, VALUES AND WORK.




APPLY Your Understanding —

1. A stone is tied to a string and whirled around in a circle at a constant speed. Is the string more likely to
break when the circle is horizontal or when it is vertical? Account for your answer with an explanation

in terms of physics concepts. (You may assume that the constant speed is the same in each case)

2. Consider two people, one on the Earth’s surface at the equator and the other at the North Pole. Which

has the larger centripetal acceleration? Explain.
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VERTICAL CiRCULAR UNIFORM MOTION

oF, always acts toward the center of the circle.
off, must be included and always acts down.

oTENSION is: the force in the rope or arm that is doing the swinging.
always towards center of circle.

So: F.=T+F,

you must account for DIRECTION of forces with this formula
ie) - isdown
-+ isup

eMake a quick diagram to depict situation. (showing either the TOP or
the BOTTOM of the swing).

Eg1l.A5.0N stuffed toy is swung in a vertical circle with a string
tension of 10.0 N. Calc F, at the

lip)

a) TOP: T

T + Fgl

)
[}
i

F, = -10N + -5.0N
F. = -15N

(F. is always toward the center which in thismown)

Physics20.Cirmot&g.Loops3.Nordheimer I



b) BOTTOM:

F. = TT + Fgd
= 10N F. =+ 10N + (-5.0N)
(up) F, = +5N

v F;=5.0N(down)

 F, is always toward center, which in this case is UP

eMAXIMUM SPEED occurs at the BOTTOM of the swing.

oMINIMUM SPEED (so it doesn’t fall out of the loop) occurs at the
TOP of the swing. AND TENSION = O. .

Therefore for minimum speed calculations:

F.=F,
a) my’ = ma, and v* = a, (because “m” cancels)
r r
So:
v =1 a,r
min

b.) or less commonly from F, = F,

m4n’r = ma, (again “m” cancels)
T |

Physics20.Cirmot&g.Loops3.Nordheimer 2 B __



Examples

1.  What is the minimum speed you need to swing a pail of water to
prevent the water from falling on your head, if your arm is 0.50 m long?

T=0

Therefore v = gl

v = v (9.80 m/s) (0.50 m)
\_/
v = 2.2m/s
note: do not use the sign on a, here due to the square root sign.

minimum velocity or speed does not depend on mass!

2. A nylon rope requires 325 N to break. You tie a 2.00 kg toy plane
to it and whirl it in a vertical circle of radius 3.20 m. What is the plane’s
MAX SPEED without breaking the rope.

Unknown: Vmax

T *r Knowns: T =+325N
\&/ ' m = 2.00 kg
ng r=320m
a, = -9.80 m/s’

i

Formulae: (1) F,

(2) Fo=T+F,

may

(3) F, = mv*h

Physics20.Cirmoté&g.Loops3.Nordheimer 3 .




Sub, Cal,R.0.: F, =ma,= (2.00 kg) (-9.80 m/s*) = -19.6N

F.=T + F,
F, = +325N + (-19.6N) = +3054N =+305N

v=vFr v=+v(3054N) (3.20m) v =22.1m/s
m 2.00 kg

Max speed occurs at the bottom of the swing

3. A 1.2 kg toy is swinging in a vertical circle of radius 0.80 m. If the
time for I revolution is 0.77 s what is the tension in the string at:

(RpS= LN
a. thetop?
Find: T

Given: m = 1.2kg

r = 0.80m
T =0.77s
a; = -9.80 m/s’

Relationships: 3. F. =T + F;

l. F,= ma,

2. F,=4rrm
2
Solve: T=F -F,

Physics20.Cirmot&g.Loops3.Nordheimer 4 : ] .
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Sub, Cal, R.O.: F,= ma, = (1.2kg) (-9.80 m/s’) =

-11.76 N =-12N
F. = 4n%rm = 47*(0.80m) (1.2 kg) =-64 N
T (0.77)
T=F-T, here 64N is

negative as it is down
T =-64N - (-12N)

T = -532N or 52 N toward the cenier

b.  the bottom ? F, = -12N
F., =+64 N F_here is up (hence + 64 N)

T = F,-F,

T =+64 N - (-12 N)
T = +76 N
HILL CRESTS AND DIPS

Hill crests and dips are:

a special case of F, = F, + T where Fy replaces T!

Physics20.Cirmot&g.Loops3.Nordheimer 5 V _ -



Physics 12 — Vertical Circular Motion

RPN N -

When the motion of an object is in a vertical circular pzifh, the centripetal force may be

different at varving points of the motion.

Top Position (C):

((
.
Why do the forces vary from point to point? //gg \“\
/
i
SN

1
D [ — N .Ji,_ e

\@//'

A %
Bottom Position (A): :

Side Positions (B and D): —> since Fg is tangent to the circle in both cases, it has no
component toward the center. Therefore it does not

contribute to the centripetal force in these positions.

Example: A 1.7 kg object is swung from the end of a 0.60 m string in a vertical circle. If the

time of one revolution is 1.1 s, what is the tension in the string? Assume uniform speed.

a) When it is at the top? b) When it is at the bottom?



- .does not leave the circle (very useful for a roller coaster design!), the

When determining the minimum speed required so that the object

tension or normal force (if there are two surfaces) are equal to zero.

We say that the mass at the peak of the arc is weightless,

because the net force working on it is only gravity. This is

the same as an object in free fall.

Example: An object is swung in a vertical circle with a radius of 0.75 m. What is the
minimum speed of the object at the top of the motion for the object to remain in its circular

motion?

Banked Curves

Engineers do not always rely on friction alone to provide the centripetal force necessary for a
car to round a curve safely. These curves are usually banked which allow cars, regardless of

their mass, to round the curve safely at a certain speed even if the road is frictionless.

Consider a car traveling at a constant speed around a

frictionless banked corner.

On the frictionless corner, the only forces acting on the car

are:

In this case, Fnx both accelerates the car inwards and

matches the Fg. Therefore, the sum of Fx and Fg must

equal

Example: Calculate the angle at which a frictionless curve must be banked if a car is to round

it safely at a speed of 22 m/s if its radius is 475 m.

\
1
'
!
1
1
!
1
1
!
1
1
1
1
1
1
1
1
1
{
1
t
1
!



Example: A 0.25 kg toy plane is attached to a string so that it flies in a horizontal circle with a
radius of 0.80 m. The string makes a 28° angle to the vertical. What is its period of rotation?

Example: A string requires a 135 N force in order to break it. A 2.00 kg mass is tied to this
string and whirled in a vertical circle with a radius of 1.10m. What is the maximum speed

that this mass can be whirled without breaking the string?

Example: An 826 kg car travelling a speed of 14.0 m/s goes over a hill. If the radius of this
curve is 61.0 m, what is the force exerted on the car by the road at the crest of the hill to keep

the car in equilibrium?
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~ Vertical Circular Motion Problems:
1. A 0.20 kg ball on the end of a string is swung in a vertical circle. e

a) Find the minimum speed the ball must have at the top / L2 m

of the circle to remain in a circle. (3.4 m/s)

b) If the speed of the ball is 5.0 m/s at the bottom of the circle, \
find the tension in the string at the bottom. (6.13 N) \ \

Ferris wheel is 12 s.

a) Draw a diagram showing the forces acting on the girl at the

top and then at the bottom.

b) Find the forces exerted on the girl by the seat at the tdp
and bottom of the circle. (Fg=-392N, Top: Fc=-87.7 N, Fxn=+304 N
Bottom: Fc=+87.7 N, Fn = +480 N)




3. A 1200 kg vehicle travels at a constant speed on a hill of radius 48 m as shown in the

diagram.

a) Draw a diagram showing the forces acting on the vehicle.

b) If the vehicle travels at the top of the hill at 14 m/s, what is the force exerted by the road on
the vehicle? (6860 N)

¢) What is the maximum speed the vehicle can have as it passes the top of the hill before

losing contact with the road? (21.7 m/s)

4. A 0.25 kg sphere rolls down without friction along the loop-the-loop track with a radius of

2.2 m as shown in the diagram.

h

QM
2.2 m

a) From what minimum height, h, must the sphere be released so that it remains on the

circular track at all times, even at the top of the loop (point B)?




b) If the release height is 2h, find the speed of the sphere and the normal force exerted by the
track at point B. (v=11.4 m/s, Fx=-12.3N) .

c) If the release height is 2h and the radius of the loop is 1.1m, find the speed of the sphere
and the normal force exerted by the track at point B. (v =13.1 m/s, Fn =-37 N)

5. A 0.25 kg object is attached to a 0.80 m string. The object is pulled to point A, and then

released as shown in the diagram. The object reaches a speed of 3.0 m/s at the bottom (point

B) of its swing,.

a) What is the angle 6 when the object is at point B? (65°)
b) What is the tension in the string at point C? (1.04 N)

c) What is the maximum tension in the string? (5.26 N)




6. You are riding your bike on a track that forms a vertical circular loop as shown in the
diagram. If the diameter of the loop.is 10.0. m, how fast would you have to be travelling .

when you reached the top of the loop so that you would not fall? (7.0 m/s)

7. What is the correct speed for a car rounding a 125 m curve in the highway under very icy

conditions if the banking angle is 20.0°?

8. A student has a weight of 655 N. While riding on a roller coaster, this same student has an
apparent weight of 1.96 x 103 N at the bottom of the dip that has a radius of 18.0 m. What is
the speed of this roller coaster? (18.8 m/s)

9. A 745 m curve on a racetrack is to be banked for cars travelling at 90.0 m/s. At what angle

should it be banked if it is going to be used under very icy conditions? (48°)

10. A string requires a 186 N force in order to break. A 1.50 kg mass is tied to this string and
whirled in a vertical circle with a radius of 1.90 m. What is the maximum speed that this

mass can be whirled without breaking the string? (14.7 m/s)

11. A 2.2 kg object is whirled in a vertical circle whose radius is 1.0 m. If the time of one

revolution is 0.97 s, what is the tension in the string? (assume uniform speed)
a) When it is at the top? (-71N)

b) When it is at the bottom? (114N)




12. A wheel shaped space station whose radius is 48 m produces artificial gravity by rotating.

How fast must this station rotate so that the crew members have the same apparent weight .. ...

in this station as they have on Earth? (21.7 m/s)

13. An airplane travelling at a speed of 115 m/s makes a complete horizontal turn in 120 s.
What is the banking angle? (32°)

14. A 2.5 kg ball is tied to a 0.75 m string and whirled in a vertical circle (assume a constant

speed of 12 m/s).

a) Why is the tension in the string greater at its low point than at its high point?

b) What is the tension in the string at its-
i) low point? (505 N)

ii) high point? (-456 N)



" THE EFFECTS OF GRAVITY

o1543 Copernicus developed the Copernican or helicentric theory
stating that the sun was the center of the solar system and the planets
revolved around the sun. :

eTycho Brahe made naked-eye observations of the planets (in late
1500°s) and his assistant Johann Kepler modified Copernicus’ theory
and using Tycho’s data, described the motion of the planets in 3.
KEPLER LAWS:

1. LAW OF ELLIPTICAL ORBITS

oEach planet moves in an ELLIPTICAL orbit with the SUN as one of
the focal points. | :

2. LAW OF EQUAL AREAS ,

During equal time intervals, a straight line drawn to the sun, will
veep out equal areas this means the closer a planet is to the sun, in its
bital path, the faster it goes to cover the same area in the same time.

slowing down. .

'/}F}’r’ea.i'z fees. -
1y )\ slowest but equal area
: 3. tosection2 . .
& 4=ty , freas Brea,

o g,p;:éedingfup,}

Cirmot&g.Keplerd Nordheimer S



3. LAW OF PERIODS

oThe period of revelution is related to its radius of revolution

(distance from the center object, in this case, the sun).

T* varies with R’

period ORBITAL radius

(tlme for 1 revolution) (eg. Average distance to the sun)
T = K

R ¥\Kepler’s Constant

Therefore:
T = T, 1 — first planet (satellite)
R R, 2 — second planet (satellite)
or (_1) = (_1)
(T R

Remember T &R are for the ORBITING objects
NOT the center object

'. '.,Example o

R leen earth’s orbltal radlus as 1.5 x 10“ m, calculate the perlod of
- revolution (in years) of Neptune given its orbital radlus is 4. 5 X 1012
. Asee page 159 of text Merrill text: f@r these values' ...

S R ,>
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By, A 75X 10* kg space vehicle leaves the surface of the earth with a speed of 1.3x104 m/s.
What will its speed be when it is infinitely far from the earth?
| E,=E;

. - D . =
corgeidation of energu Msgwgiwj Ep+Ey=E Pf +E kf

TOrMOlLa e _ L Lo v2
v R, +2mv, O+2mvf‘
~6.67x107(5.98x10%) | 2] 1
st ulion +[— 1.3x10* ]:—v2
6.38x10° 2( ) 27
~6.25x107 + 845107 = v/

2 7
vi=22x10" 5 vi=44x10"——> v, =6.6x10° m/s

D |

€q. A stationafy 1.60 x10° kg vehicle is taken from the surface of the moon and placed into a
circular orbit at a height of 2.0 x10° m above the surface of the moon. Its speed in this orbit
is 1.15x10° m/s. How much work is required for this process? Wor K

f Coreep
o Work 15 CHANGE in ene,r‘g

e 5 s

i,

W=AE = Ep ~E;  [\W=0E, +AE,
S0 Ei+WwW-= =Eg “(EK;FKU (E—Pj Ee \\>

mﬂbe comprised. of Kmet:zm
FiaY o o dow o Bt ‘ eneras odC

Ep surface T W=E, 1inaet B orbita

- GmM S GemM 1

TR +W= R, += ) r‘nv |
—6.67x107(1.60 x10%)(7.35x10%) ~6.67% 107(1.60 103)(7 35 % 1022)
174 x10% - i 3.74%10° '

-,12(1 60><103)(1 15><1o3) ] o

[—,4.51><_109]+W -210><10] 106><109]
_4sII0S W [ 104><1o9]

W= 5><1o91




Physics 12 ~ Universal Gravitation and Satellite Motion

Newton explained the dynamics of the solar system in his Law of Universal Gravitation. He
explained through his first law of motion that if a planet is moving in a circular path, it has
centripetal acceleration and therefore must be centripetal force acting on it. Newton showed
that this force must be caused by the sun.
Using Kepler’s three laws of planetary motion and Newton's three laws of motion, Newton
formulated the Law of Universal Gravitation. (The derivation of this will be posted my
portal site)
The basics of this law are:

A. Every particle in the universe exerts an attractive force on every other particle.

B. The gravitational force between any two objects is

a. directly proportional to the product of their masses —

b. inversely proportional to the square of the distance between their centers —

Fg cfcz 1
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C. The gravitational force between two objects:

* Fg is exerted along a line ml Fy, on] *Fg on m1 and m: is equal in
g g 1 g equal

connecting the centers of } size but opposite in direction

the two objects. , r

to the Fg on m2 by ma.

D. When combined mathematically, the formula found is:




Example: Calculate the force of gravity between two 75 kg students if their centers of mass

are 0.95 m apart.

Example: A satellite weighs 9000 N on Earth’s surface. How much does it weigh if its mass is
tripled and its orbital radius is doubled?

MASS VERSUS WEIGHT: This is a very common misconception!

Mass: Weight:

Net Gravitational Force

Three equal 0.75 kg mass balls are placed as shown in the diagram. Determine the net

gravitational force on “2” due to the presence of “1” and “3”.

—).25m —*

0.50 1




Satellites in Orbit J—

A satellite of Earth, such as the moon, is constantly falling. //
But it does not fall towards the Earth... it falls around the '," /5 Fg \
Earth. Just as if you were in an elevator that was falling {
towards the Earth you would feel weightless if you were “\\ ;
on an artificial satellite falling around the Earth. A ’

Example: A 4500 kg Earth satellite has an orbital radius of 8.50 x 107 m. At what speed does it
travel?
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Law of Gravitation and Satellite Motion Problems:
1. The mass of the planet Jupiter is 1.9 x 107 kg, and the average radiusis 7.2 x 107 m.

a) If a 3200 kg space probe is sitting on the surface of Jupiter, what is the gravitational force
between the space probe and Jupiter? (7.8 x10* N)

b) If the 3200 kg space probe is to accelerate upwards at 2.8 m/s? as it leaves Jupiter, what is
the thrust force exerted by the engine? (8.7 x 10* N)

c) If an astronaut experiences a gravitational force of 1600 N at an altitude of 3.2 x 10 m

above Jupiter, what is the mass of the astronaut? (71 kg)

2. A 30 kg box is 2.0 m away from a 1200 kg car. Which exerts a greater gravitational force on

the other? Explain your answer. (neither)

3. What gravitational force does the moon produce if the centers of the Earth and the moon
are 3.84 x 10® m apart and the moon has a mass of 7.35 x 102 kg? (1.99 x 10 N) -



5. If the gravitational force between two objects of equal mass is 4.50 x 10¢N when the

objects are 7.0 m apart, what is the mass of each object? (1.8 x 10° kg)

6. Calculate the gravitational force on a 6.50 x 102 kg spacecraft that is 4.15 x 105m above the
surface of the Earth. (2.35 x 10° N)

7. The gravitational force between two objects that are 0.33 m apart is 3.2 x 10° N. If the mass
of one object is 60 kg, what is the mass of the other object? (871 kg)

8. Calculate the speed of the moon in its orbit around Earth. (Radius of moon’s orbit =
3.84x108m; moon’s mass = 7.35 x 102 kg) (1.02 x 10° m/s)

9. Calculate the speed of a satellite orbiting Earth at a height of 4.4 x 105 m above the Earth’s
surface. (7.6 x 10° m/s)

10. Calculate the orbital speed of a satellite 5.0 x 10 m above the surface of Jupiter. (Radius of
Jupiter = 7.18 x 107 m; mass of Jupiter = 1.90 x 10¥ kg) (4.06 x 10* m/s)

11. Calculate the speed of Earth in its orbit around the Sun. (Radius of Earth’s orbit =
1.50x10m; sun’s mass = 1.98 x 10% kg) (2.97 x 10* m/s)

2.3
wr

12. Using the formula 7" = , calculate the time of one revolution (length of a year) on

m
Mars. (Mar’s mass = 6.4 x 10 kg; radius of Mar’s orbit = 2.3 x 10" m)
(6.0 x 107 s or 1.9 years)



13. Three masses are placed as shown in the diagram. Determine the net gravitational force
on “B” due to the presence of “A” and “C”. (2.15x10°N @ 39° W of 5)

O —

m1=230 kg m2 =50 kg

0.50

ma=125kg

14. Three masses are placed as shown in the diagram. Determine the net gravitational force o
“Y” due to the presence of “X” and “Z”. (2.57 x 10° N @ 14° E of 5)

» 0.50m

v

m1=15 kg ma=15kg

1.0m

@

ma=25 kg



/Galilei 27 orbiting-lris-2 (part 1) o \

Context

Within the scope of the EESP project (Exploration of Extrasolar Planets), we have identified three planets
that are suitable for sustaining life forms that are similar to us. We are in the process of developing
various mission scenarios that could eventually be carried out on these three planets. You have been
selected to plan the encounter between Galilei 27 and Iris 2.

Galilei 27 is the name of the space ship that will transport the astronauts. Iris 2 is the name of the planet,
among the suitable three, that is closest to Earth. Planet Iris 2 has a lower mass than that of the Earth but
has a smaller radius. This is the information we have gathered so far:

Mass of Iris 2: m;= 2.0 x 107 kg Radius of Iris 2: 7, = 2 000 km
Mass of Galilei 27: mg=5.0x 10° kg

Your task is to calculate certain parameters that will be needed to accomplish the technical aspects of the
mission scenario. Perform the following calculations;

We should be able to approach Iris 2 without any problems. However, in order to land on its surface, we
must know the attractive force that will be exerted on the space ship when it is positioned at a distance of
10 000 km from the planet’s surface.

»  Calculate the attractive force that will be exerted by Iris 2 on the space ship when it is
positioned at that distance from the surface of the planet.
«  Cailculate the acceleration that Galilei 27 will experience at that distance.

Please note: this data will help us design a landing plan (the thrust the motors will need to help the
spaceship brake during its landing, the adequate quantity of fuel, the time it takes to brake, etc.)

In the probable event that Galilei 27 lands on Iris 2 as anticipated, physiological factors must also be
taken into account:

o Calculate the gravitational acceleration on the planet’s surface.

»  What force will the astronaut need to apply to lift a radiation monitor that has a mass of 2 kg
to 1.5m above the surface? (2.50 J of work is done to overcome atmospheric friction)

- If the astronaut drops the monitor from a height of 1 metre, how long will it take for it to fall to
the ground?

Please note: these facts will allow us to evaluate how the human body will react to gravity on lris 2. In
addition, they will help us choose the materials needed for the fabrication of space suits, and the technical
equipment that the astronauts will carry when they first walk on Iris 2. They will also enable us to
determine other parameters, such as resistance of the materials chosen.

Please use a separate piece of paper and show all calculations and answers for each of the points.
Make sure to label each value with ifs purpose. (ie. Gravitational Acceleration at Surface - ...)

.
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Physics 12 - Gravitational Fields
In order to explain forces between two objects that are not in contact, scientists developed the

concept of fields. Fields are defined as spheres of influence and can be classified as scalar or

vector. Scalar field examples would be sounds fields and heat fields.
To help visualize how a field works...consider a campfire and the heat field that it emits.

As you approach the fire...

As you increase the size of the fire...

A gravitatibnal field is a vector field due to the fact that gravity is a force and forces are

— ‘ 4——— Gravitational line of force

Gravitational Field Strength is the acceleration due to gravity and it will vary depending on

the masses involved and the distance of separation between the centers of the two objects.

vector quantities.

On Earth, the gravitational field strength is 9.80 N/kg

There are two methods to determine the field strength between two objects:

*recall that weight is defined as the
gravitational force (Fg) between a planet
and an object on the surface of that
planet.

This formula works well if we stay on the surface of the Earth or other planetary mass.



However, once we leave the surface it does not work very well because...

Therefore a more useful formula takes that into account;

Example: What is the gravitational field strength on the surface of the moon?

Mass of moon =7.35 x 102 kg
Radius of moon =1.74 x 10¢ m

Example: A satellite orbits the Earth at a radius of 2.20 x 107 m. What is its orbital period?

Geosynchronous Orbit — The orbital speed of a satellite will depend on the strength

of the gravitational field at the orbital radius.

The orbital period of the satellite depends only on the mass of the planet and the orbital
radius of the satellite. Therefore it makes sense that at a certain orbital distance, the orbital

period will match the rotational period of the planet. This satellite is then in geosynchronous

(or geostationary) orbit.

Example: Find the orbital radius of a satellite that is geostationary above the Earth’s equator.

What is the speed of this satellite?
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Gravitational Field Strength and Problems:

1. The mass of the planet Jupiter is 1.9 x 10 kg, and the average radius is 7.2 x 107 m.

a) What is the gravitational field strength on the surface of Jupiter? (24 N/kg)

2. A 2.0 kg rock dropped near the surface of a planet reaches a speed of 15m/sin 3.0 s.

a) What is the acceleration due to gravity near the surface of the planet? (5.0 m/s?)

b) The planet has an average radius of 4.8 x 105 m. What is the mass of the planet? (1.73 x 10%
kg)

3. Calculate the gravitational field strength on the surface of Mars. Mars has a radius of
3.43x10° m and a mass of 6.37 x 10® kg. (3.61 N/kg)

4. At what distance from the Earth’s surface is the gravitational field strength 7.33 N/kg?
(1.00 x 106 m)

5. What is the gravitational field strength 1.276 x 107 m above the Earth’s surface? (1.09 N/kg)



6. A 2400 kg satellite is in a stable circular orbit around the Earth with a radius of 6.8 x 10° m.
a) What provides the centripetal force to keep the satellite in a circular orbit?
b) Find the speed of the satellite in this orbit. (7.66 x 103m/s)

¢) Find the period of the satellite. (5.58 x 10° s)

7. A satellite in synchronous orbit far above the equator of the Earth appears to be stationary

over a position to an observer on Earth. Explain why the satellite appears to be stationary.

8. A satellite travels around a 5.20x10% kg planet with an orbital radius of 1.1x10” m. What is
the orbital period of the satellite? (3.89 x 10 s)
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Physics 12 - Work and Gravitational Potential Energy

- Up to this point, we have used the formula Ep = mgh to determine gravitational
potential energy. While this equation works well when finding gravitational potential

energy near the Earth’s surface, it does not work when larger distances are involved.

As we saw when calculating gravitational field strength in the last lesson —

Remember that the Ep of a mass is the work done in lifting it a certain height.
When F; is constant — When F; is changing with distance —

Fe
Fg

0o h (). 0 h (n)

As we saw above, the gravitational potential energy was determined to be:

However, that is not the whole picture (why we need calculus). When dealing with
gravitational potential energy, we use a reference point. At this point the PEg is zero. When
we are finding the gravitational potential energy on a mass provided by the gravitational
force generated by a second mass, we assign the ZERO reference point when the distance
between the objects is infinite (1 = ).

This means that when the objects get closer together, the gravitational potentlal energy
between them decreases.

Because of this, the formula becomes:

4




Caiculating Work Done:

The work done on an object can be equated to the change in gravitational potential energy of
an object. This comes from: APE = (PE)t— (PE)o

s ™~

. 1 1
APEg = Gmm,| ———

7 3
s, D f p

Energy Conservation:

Kinetic energy will be obtained as an object falls to earth and increases in velocity. Therefore,
the potential energy will be converted to kinetic energy following the law of conservation

(without any external forces acting on the object).
Law of Conservation of Mechanical Energy =2

Example One — A 2.50 x 10° kg geostationary satellite (a satellite that remains in the same
position above the Earth’s surface) is in an orbit that is 3.60 x 107 m above Earth’s surface.
What is the gravitational potential energy of this satellite due to the gravitational force cause
by the Earth?

Example Two — How much work is needed to lift a 1.25 x 10° kg satellite from the Earth’s

surface to a height of 4.00 x 10° m above the Earth’s surface?




Example Three — A 1.10 x 10°kg object is dropped from a distance of 2.00 x 10° m onto the

Moon'’s surface. How fast is the object travelling when it hits the Moon’s surface?

Example Four: The period of a 1000 kg satellite orbiting the earth is 6.3 x 10° s.
a. Find the altitude of the satellite.
b. Find the total energy of the satellite.
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Work and Gravitational Potential Energy Problems:

1. A 2900 kg space probe is 3.8 x 10° m from the center of a planet.

a) If the gravitational potential energy of the space probe is -1.7 x 10" | relative to
zero at infinity, what is the mass of the planet? (3.3 x 102 kg)

b) If the space probe falls to the planet and has a speed of 6.2 x 10° m/s just before

impact with the surface of the planet, what is the radius of the planet? (2.8x10°m)

2. A 5.8 x10* kg meteor falls from an altitude of 7.2 x 10° m above the Earth’s surface.
Ignore air resistance. |
a) Find the change in gravitational potential energy of the meteor. (-3.7 x 10" J)

b) Find the speed of the meteor just before impact with the surface of the Earth

(Assume initial velocity is zero) (3.6 x 10° m/s)



) If the meteor had an initial speed of 1.8 x 10° m/s, find the kinetic energy of the . .

meteor just before impact with the Earth’s surface. (4.6 x 10 ])

3. What minimum energy is required to take a stationary 600 kg satellite from the
surface of the moon to an altitude of 9.2 x 10° m and put it into orbit with an orbital
speed of 1.36 x 10° m/s? (1.1 x 107 ])

4, What is the gravitational potential energy of a 5.00 x 10° kg satellite that has an orbital
radius of 9.90 x 10° m around the Earth? (Use PEg=0 atr=eo). (-2.0 x 1011 ])

5. What is the work done against gravity on the satellite in problem 4 in lifting it into its
orbit? (1.1 x 10™ ])

6. What is the change in gravitational potential energy of the satellite in problem 4 as it
is lifted from Earth’s surface to its orbit? (1.1 x 10" J)



7. What is the speed of a 1750 kg meteorite when it hits the moon’s surface? This
- meteorite has a velocity.of 1.00.x 10° m/s heading directly toward the moon when it .

was 15000m above the moon’s surface (no friction). (1.02 x 10% m/s)

8. What is the gravitational potential energy of a 10.0 kg object when it is sitting on the
Earth’s surface? (Use PEg =0 at r = o) (-6.25 x 108 ])

9. What is the change in the gravitational potential energy of a 2.50 x 10° kg satellite as it
is lifted vertically into a circular orbit (radius = 6.90 x 10° m) around Earth? (1.18x10%)



.. 10. What minimum energy.is required to.take a stationary 1200 kg satellite from the . _
surface of the earth to an altitude of 3.0 x 10° m and put it into an orbit with an orbital
speed of 2.0 x 10° m/s? (2.64 x 101 ])

11. The period of an 800 kg satellite orbiting the earth is 5.9 x 10% s.

Find the altitude of the satellite. (6.2 x 10° m or 6.8 x 10° m with no rounding)
Find the gravitational field strength at the altitude of the satellite. (8.1 N/kg)
Find the gravitational potential energy of the satellite. (-4.6 x 10°])

Find the total energy of the satellite. (-2.3 x 101°])

A oo



Physics 12 ~ Escape Velocity o . -

Escape velocity is the minimum speed an object requires

in order to break away from the Earth’s pull. p S P

It should make sense that if an object is going to be
completely freed from the Earth’s gravitational pull,
we need to supply it with enough KINETIC ENERGY
to match its POTENTIAL ENERGY at infinity.

What goes up youst come down, niiless
we Hirorw s really, REALLY hayd,

In terms of equations this means that:

Example: At what speed do you need to throw a 1.0 kg rock in order for it to break away
from the Earth’s pull?

Does the mass of the rock matter?



Escape Velocity Problems:

1. What is the escape speed at the moon’s surface? (2.4 x 10° m/s)

2. What is the mass of a planet that has an escape velocity of 9.0 x 10° m/s and a radius of 7.2 x
106 m? (4.37x10% kg)

3. What is the mass of a planet that has a radius of 2.57 x 10° m and an escape of 2.92 x 103
m/s? (1.64 x 102 kg)

4. What is the escape velocity from a planet with a mass of 3.46 x 10% kg and a radius of
2.75x100 m? (4.1 x 10* m/s) ‘

5. What is the radius of a planet whose escape velocity is 1.16 x 10° m/s and a mass of 4.5x10%
kg? (4.45 x 107 m)

COMPLETE THE PARTNER ESCAPE VELOCITY ACTIVITY (Hand-in when complete).



- Physics 12 — Escape Velocity o Name:

This is an individual activity in which you will calculate the escape velocity of planets,
satellites and the Sun.

Procedure:

You have learned that the escape velocity (ves) of a body depends on the mass (M) and the
radius (r) of the given body. The formula which relates these quantities is:

L [6m
esc ,

You will calculate the escape velocity for a number of bodies using the MKS system where
the units for distance are meters, the units for mass are kilograms, and the units for time are
seconds. In this system, the gravitational constant has the value:

As an example, the mass M of the Earth is 5.98 x 10% kilograms. The radius r of the Earth is
6378 kilometers, which is equal to 6.378 x 106 meters. The escape velocity at the surface of the
Earth can therefore be calculated by:

1 n-11 1024
. [2GM = |2667210 )(5.28;\10 )y C112410%mls
r (6.378x10°)

So, as with surface gravity, a simple Physics equation can be used to calculate the escape
velocity for a body (in this case the Earth) if you know the mass of the body and its radius!
The assumption in using this formula is that the body is spherical, but this is a pretty good
assumption. If the radius of a body at its equator and pole are very different, then the escape
velocity is different at those places and should be calculated separately.

The escape velocity for the Earth is therefore 1.12x10* meter per second. This is the velocity
that an object (or gas molecule!) needs at the surface of the Earth to be able to overcome the
gravitational attraction of the Earth and escape to space.

A table of masses and radii is given on the next page for many bodies in the Solar System.
Make sure to convert the radii from kilometers to meters when making the calculation, and
make sure that you can calculate the escape velocity of the Earth correctly. Then, calculate
the escape velocity at each of the other bodies.

SHOW ALL WORK ON A SEPARATE PIECE OF PAPER AND STAPLE TO THIS SHEET
TO HAND IN WHEN COMPLETE.



Body | Mass (kg) | Radius (km) | P &XSOC&Y |
Earth 5.98 * 10% 6378
Mercury 3.30 *10% 2439
Venus 4.87 *10% 6051
Mars 6.42 * 108 3393
Jupiter 1.90 * 10 71492
Saturn m5.69 *10% 60268
Uranus 8.68 * 10% 25559
Neptune 1.02 * 10% 247647[”
Plutor 1.29 * 10 1150 7
Moon  |73s*10=| e8| . ‘
Ganymede @ 1.48 *10% 2631
Titan 1.35*10% 2575
Sun 1.99 * 10% 696000

Note that the Gas Giant planets (Jupiter, Saturn, Uranus and Neptune) do not have solid
surfaces. The radii of these planets are specified at the point where the pressure in their
atmosphere is approximately equal to that at the surface of the Earth.

Final Problem:

Convert the escape velocities of the Earth, Mercury and Venus to km/h to get a good feeling
for how much initial velocity an object must really have in order to escape the gravitational
force of our planet!

Earth -

Mercury -

Venus -
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| PH\’ SIS |5 ADDITIONAL PROBLEMS — CIRCULAR MOTION AND GRAVITATION

Uniform Circular Motion:

1. A car travels around a curved path that has a radius of 225 m at a constant speed of
26.0 m/s. What is the centripetal acceleration of the car?

(3.00 m/s?)

2, How fast can a 1.6 x 108 kg car round an unbanked curve (radius 55 m) if the
coefficient of fricion between the car and the road is 0.60?

(18 m/s)

3. A 0.150 kg mass is twirled in a horizontal circle (radius = 0.750 m) at a rate of 2.50 RPS
(revolutions per second) from the end of a string. Assuming the string is also
horizontal, what is the tension in the string?

(27._8 N)
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Circular Motion and Gravitation

Vertical Circular Motion:

4. You are riding your bike (total mass = 95.0 kg) over a rise (radius of curve = 10.0 m) on

a bike path. How fast must you be travelling so that your bike loses contact with the
path?

(9.90m/s)

5. Astudent (mass = 50.0 kg) is riding through a dip (radius of curve is 15.0 m) on a roller
coaster at a speed of 10.0 m/s. What will be the student's apparent weight (in
Newtons) at the bottom of the dip?

(8?3 N)

6. A1 75 kg mass is swung in a vertical circle (radius = 1.10 m) usmg a cord that will break
if it is subjected to a force greater than 262 N. What is-the maximum speed that this
mass can travel as it passes through the bottom of its circle? .

(12.4 m/s)
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Circular Motion and Gravitation

Banked Curves:

7. A car travels around a curve (radius = 60.0 m) at a speed of 22.0 m/s. At what angle
must the curve be banked so that the car does not have to rely on friction to remain on
the road?

(39.5°)

8. An engineer is to design a curved exit ramp from a freeway for traffic with a speed of
20.0 m/s. If she decides to bank the curve at an angle of 20.0°, at what radius of curve
must it be built if the vehicles are not to rely on friction?

(112 m)

9. A car travels on a circular banked track (radius = 255 m, 6= 25.0°). What is the time
of one lap (revolution) of the car if it is not to rely on friction to hold it on the track?

(46.9 5)
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Circular Motion and Gravitation

Newton's Law of Universal Gravitation:

l ®

le— 0.25 m —»!

Three equal balls (masses = 0.35 kg) are placed at corners of a right angle triangle as
shown in the diagram. What is the net gravitational force on B due to the presence of
the other two balls?

(1.85 x 101N 45.0° N of E)

11. On the surface of Planet T, which has a mass of 7.90 x 1025 kg, an object has a weight of
112 N and a mass of 75.0 kg. What is the radius of this planet?

.(5.94 x 107 m)

2. An object (mass = 525 kg) is 3.0 x 103 km above the earth's surface. This object is
falling toward the earth because of the earth's grawtatlonal force on it. What is the rate
of acceleration when it is at this distance?

(mass of earth = 5.98 x 1024 kg, radius of earth = 6.38 x 106 m)

(453 /5%
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Circular Motion and Gravitation

Gravitational Fields:

13. How far from the surface of the earth (mg = 5.98 x 1024 kg, rg = 6.38 x 106 m) is the
gravitational field strength 6.13 x 10-1 N/kg?

(1.91 x 107m)

14. Calculate the gravitational field strength at a point in space where the weight of an
object is 7.22 x 102 N and its mass is 1.10 x 102 kg.

(6.56 N/kg)

15: If an object has a weight of 7.00 x 102 N on the surface of the earth
(mass = 5.98 x 1024 kg, radius = 6.38 x 106 m), what is its weight at a distance of
6.38 x 106 m above the earth s surface?

C(isN)
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b Circular Motion and Gravitation

Launching:

al energy of a 2.00 kg mass with respect

16. You find yourself on a planet where the potenti
e velocity on this planet?

to the centre of the planet is 3.64 % 106J. What is the escap

(1.91 % 103 m/s)

17. What is the mass of an a planet (radius = 5.85 % 107 m) which has an escape velocity of

2.54 x 104 m/s?

(2.83x10%%kg )

18. What is the escape velocity on a planet that has a mass of 3.18 x 1023kgand a radius of

2.43 % 106 m? :

(4.18%x10° mis)
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Circular Motion and Gravitation

Satellites in Orbit:

19. What is the speed of an artificial satellite (mass = 625 kg) which is placed in an orbit
1.00 x 106 m above the surface of a planet?(my;, = 3.18 x 1023 kg, rp - 2.43 x 105 m)

(2.49 x 103 m/s)

20. An artificial satellite (mass = 572 kg) is put into a circular orbit about the earth
(mass = 5.98 x 1024 kg). If the radius of this orbit is 1.2 x 107 m, how long will it take to
make one revolution? :

(1.3 x 104 8)

21. An artificial satellite (mass = 611 kg) is put into a circular orbit around Jupiter
(mass = 1.90 x 1027 kg, radius = 6.99 x 107 m). If this satellite has an orbital velocity of
3.12 x 104 m/s, how far above Jupiter's surface is the satellite?

' (6.03 x 107m)
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i Circular Motion and Gravitation

Gravitational Potential Energy:

-+ g

22, What is the gravitational potential energy of the moon with respect to the earth?

(-7.63 x 1028 J)

23. What is the change in the gravitaﬁonai potential energy of a 10.0 kg object when it is
lifted vertically to a height of 6.38 x 108 m above the surface of the earth?

(3.13 x 108J)

R X XK X X ¥ ¥ ¥ ¥
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| Provincial Exam Questions: Circ.Motion «+Univ. Gravitation

L -

l » A small toy airplane suspcflded as shown below flies in a circular path.

Which of the following free body diagrams best describes the forces acting on the airplane at
the position shown?

ENENIENEN

Z' A 1.5kg objectis in uniform circular motion with a period of 3.0's. If the radius of the path
is 4.0 m, what is the centripetal force on the object? .

A, Anempty 12kg seatona swing-type ride at the fairgrounds has a kinetic energy -of 480 7.

— — — -

What is the centripetal force on the empty seat?



A
L) A 75kg person rides a Ferris wheel which is rotating uniformly. The centripetal force acting
" on the person is 45 N.

What force does the seat exert on the rider at the top and at the bottom of the ride?

5. Which of the following illustrates the work required to move an object in a gravitational fizid?

-

A F, . ‘" B. F

© A 1500 kg satellite orbits the earth at 2 500 m/s. What is the satellite’s centripetal acceleration?

A.  0.098 m/s?

B. 0.98 mys’

C. 9.8 m/s?

D. 15x10* m/s? r




7 A 1500kg satellite travels around the earth in a stable orbit with a radius of 1.3 X 10’ m.

a) What is the speed of the satellite in this orbit? ' (5 marks)

b) The satellite is then moved to a new orbit with twice the radius of the first orbit. The speed
in this orbit is
] the same as
- [} less than
{1 more than

the speed in the first orbit. (Check one response.)

(3 marks)

c) Using principles of phjsics, explain your answer to b).

8, A 1.2 m long pendulum reaches a speed of 4.0 m/s at the bottom of its swing.

1.2m

3.0kg

What is the tension in the string at this position?
q, A 1200kg car rounds a flat circular section of road at 20 m/s as shown in the diagram.

The coefficient of friction between the car tires and the road surface is 0.65. What minimum
friction force is required for the car to follow this curve?



10,

A satellite’s orbit is maintained by a

A. normal force. \ .
B. frictional force.

C. centrifugal force.

D. gravitational force.

. What is the gravitational field strength on the surface of a planetoid with a mass of
7.4x10% kg and a radius of 1.7x10% m.

12, e o . .
A 1500kg satellite is in a stable orbit at an altitude of 4.0x10° m above Earth’s surface,

What is the satellite’s total energy in this orbit?

I3 The moon Titan orbits the planet Saturn with a period of 1.4 X 10% s. The average radius of
~ this orbitis 1.2x10° m. N
a) Whatis Titan’s centripetal acceleration? ' (2 marks)
b) Calculate Saturn’s mass. | (5 marks)

M A satellite moves in a circular path at a constant speed. Which vector in the diagram below =~ -
best represents the satellite’s acceleration? .

{5 A 25 kg object moves at a constant speed of 8.0 m/s ina 5.0 m radius circle. What is
the object’s acteleration?

6. What s the magnitude of Earth’s centripetal acceleration as it orbits the Sun?

£
A satellite orbits Earth at a velocity of 3.1x10 m/s. What is the radius of this orbit?



1€ A student plots a graph of centri )
petal force F. versus the s : 2 .
in uniform circular motion. ¢ quare of velocity v* for an object

_ v
What is the slope of this graph?
A 7
or
B. L
" m
i 4n’r
C. 7
D r
4n’r

Which of the féllowing is a correct expression for the total energy of the orbiting satellite shown
below?

A E =—GMT”f
Mm
C. Ep= %mv2 +mgr



2@, Anelectron orbits the nucleus of an atom with velocity v. If this electron were to orbit them :
same nucleus with twice the previous orbital radius, its orbital velocity would now be

A v
A. 5
y
B. —
V2
C. v .
D. 2v

e A 1500kg satellite travels in a stable circular orbit around the earth. The orbital radius is
4.2%107 m. What is the satellite’s kinetic energy? (7 marks)

@3, What is the minimum work done when a 65 kg stddent climbs an 8.0 m-high stairway in 12 5?7

3. A 1.50%10’ kg car travelling at 11.0 m/s collides with a wall as shown.

m =1.50x 10> kg m=150x10> kg -

The car rebounds off the wall with a speed of 1.3 m/s. If the collision lasts for 1.7 s, what
force does the wall apply to the car during the collision? ’

&, A 1500 kg car travelling at 25 m/s collides with a 2 500 kg van stopped at a traffic light. Asa
result of the collision the two vehicles become entangled. With what initial speed will the
entangled mass move off, and is the collision elastic or inelastic?

a5, Three objects travel as shown.
4.0 kg

‘What is the magnitude of the momentum of object R so that the combined masses remain
stationary after they collide?



'Sp. A ball attached to a string is swung in a horizontal circle.

View frqm Above

_ - Which path will the ball follew at the instant the string breaks?

&V . A test tube rotates in a centrifuge with a period of 1.20x10™2 s. The bottom of the test tu
_travels in a circular path of radius 0.150 m.

Side View : Top View
L3 A//’ \\\\
EF // \\
/ \
! \
yd N ! \
'| 01—0.150m—>:
B I e v I
//’ s \* !
{ 4<-0.150 m—>| \ J
\*\\ ’* \\ /

‘What is the minimum speed, v, at the top of the circle if the water is not to spill from the pail?



‘\.

39, Which of the following is a correct graph for gravitational field strength, g, versus the
distance, d?

A B.

d d

20: SpubukT, Eactis. 15t artifidal sefellie, had en acbitalperiod £57605. Vit wisthe.

average orbital radius of Sputnik’s orbit?

3[‘ A 620 kg satellite orbits the earth where the acceleration due to gravity is 0.233 m/s”. W_ 3
the kinetic energy of this orbiting satellite? -

A3.. A 5.0 kg rock dropped near the surface of Mars reaches a speed of 15 m/s in 4.0s.

a) What is the acceleration due to gravity near the surface of Mars? ‘ (2 marks)

b) Mars has an average radius of 3.38 x10® m. What is the mass of Mars? (5 marks)

33. A 0.500 kg ball is swung in a horizontal circle of radius 1.20 m with a periodof 1.25 s.
What is the centripetal force on the ball? '

34 Arock drops from a very high altitude towards the surface of the moon. Which of the
following is correct about the changes that occur in the rock’s mass and weight?

Mass WEIGHT
A. decreases decreases
B. decreases ] increases
C. remains constant decreases
D. | remains constant increases




25 In a popular amusement park ride, a large cylinder is set in rotation. The floor then drops away

leaving the riders suspended against the wall in a vertical position as shown.

Rotating cylinder

Which of the following is the correct free-body diagram for the peréon at the position shown?

B A

A,

C.

D.

A

3

. Cavendish’s historic experiment is set up as shown to determine the force between two
identical sets of masses. What would be the net force of attraction between one set of masses?

31 A1l 570 kg satellite orbits a planet in a circle of radius 5.94 105 m. Relative to zero at infinity
the gravitational potential energy of this $atellite is —9.32 x 10'! J. What is the mass of the planet?



% L4 - E
An object is attached to a string that can withstand a maximum tension force of 6.3 N. The
object travels in a circular path of radius 0.40 m with a period of 2.1s.

What is the maximum mass of the object?

FH. A65 kg pilot in a stunt plane performs a vertical loop with a 700 m radius. The. plane 3 eaches a
speed of 210 m/s at the bottom of the loop What ig the ppward force on the pilot at :
bottom of the Ioop?

HO. . a space shuttle is placed in a circular orbit at an altitude of 3.00x10°> m above Earth’.
surface. :

a) Wh_at is the shuttle’s orbital speed? % marks)

b) The space shuttle is then moved to a hlgher orbit in order to capture a satellite.

The shuttle’s speed in this new higher orbit will have to be (thck one )

O greater than
O Tess than
’ 0 the sarme as
The speed. in the lower orbik

-

¢)  Using principles of physics, explain your answer to b). (3 marks) ]




[, - - J—

‘ H], A mass is suspended by a Siing attached to a spring scale that ininally reads 14 N as shown in
Diagram 1. :

A Spring scale
F=14N [

N

Rope

The mass is pulled to the side and then released as shown in Diagram 2.

As the mass passes point Q, how will the reading on the spring scale compare to the previous
value of 14 N? Using principles of physics, explain your answer. (4 marks)

L}ﬂ . Which of the indicated areas of the graph represent the work needed to send an object from
separation distance r to infinity?

Gravitational
Force

T Separation Distance
A, A+A
B. 4,
C. A +4
D. 4




L3, A satellite experiences a gravitational force of 228 N at an altitude

6.

—

‘What is the mass of this satellite?

A 4.00x10° kg object is lifted from the earth’s surface to an altitude of 3.2X 10° m.

How much work does this require? (7 marks)

3.2%10° m

dia\gmm not
to scale

An object travels along a circular path with a constant speed v when a force F acts on it. How
large a force is required for this object to travel along the same path at twice the speed (2v)?

A. LF
'B. F
C. 2F
D. 4F

The equation E, = mgh, in which g is 9.8 m/s?, can not be used for calculating the
gravitational potential energy of an orbiting Earth satellite because

A. the Earth is rotating.

B. of the influence of other astronomical bodies.

.- the Earth’s gravity disappears above the atmosphere.

D. the Earth’s gravitational field strength varies with distance.

1

of 4.0x107 m above Earth, |,




LH. The diagram shows a 52 kg child riding on a Ferris wheel of radius 12 m and period 18 s.
What force (normal force) does the seat exert on the child at the top and bottom of the ride?

4R, The diagram shoWs an object of mass 3.0 kg travelling in a circular path of radius 1.2 m while - -
suspended by a piece of string of length 1.9 m. What is the centripetal force on the mass?

] M \
e e — —
\)_,‘___'____,_)/’
«—1.2m—

Y4, a) Mars hasamassof 6.37% 10% kg and a radius of 3.43X 10° m. What is the gravitational
field strength on its surface? (4 marks)

b) What thrust force must the rocket engine of a Martian lander exert if the 87.5 kg spacecraft
is to accelerate upwards at 1.20 m/s? as it leaves the surface of Mars? (3 marks)

lzsxans, [
g <m— ==

S0.  The graph shows the light energy E; emitted by a bulb versus time .
' ' @) Find the power output of the bulb.

E, (J) 56 | o (amarks)
(previous 48 - |
unit) 40 - - D S .
i 4 B) If this bulb is 20% efficient,
32 4 ———=
24 - o/ ° find the power delivered to the bulb.
16 - S {3marks)
r ""0
8 -
0- l : T 3 T i

' I —
00 10 20 30 40 50 60 7.0
T (s)
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- The satellite’s speed in a stable orbit is mversely proportlonal to the square root of
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orbit radius: v e —\/1= Therefore, in an orbit with twice the radius of the first, the
: r
e satellite speed will be lower.
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[OOSR 4 B Gttt L

A
R

L*‘Ob. less than

G Asthe space shuttle moves further away from the earth’s centre the force of gravity acting
o on the shuttle decreases. Since the centripetal force is provided by the force of gravity, it
o} must decrease as well. « 2 marks e

4

The smaller centripetal force generates a smaller centripetal acceleration « 1 mark

_which in turn requires a smaller orbital velocity.

U KR . - 2 o
#) The reading will be greater than 14 N, (by L"—:—) —1mark -~ , N

i ) Initially, the net force is zero, so the spring scale reads the weigilt of the mass. When
¥~ moving, there is a net (centripetal) force provided by the spring scale (tension in the rope)
oo~ which exceeds the weight (force of gravity) of the mass so that the mass goes in a vertical
- . circle. « 3 marks :
k4R =638x10°m - LT . L
e R = 6,38 10% m+3.2%10° m
] =6.70x10°m « 1 mark
i W= AE « 1 mark
s AEp=Ep)—Ep
_._"_GML”__(_QM"_’ : 5 : + 1 mark
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Physics 12 - Uniform Circular Motion

Uniform circular motion is the motion of an object moving at a constant speed in a circle
with a fixed radius. Notice that it is the speed that is constant, not the velocity (as the

direction is constantly changing).

Speed is defined as: V= _01

t

Time: When dealing with circular motion, we use the period

of motion (T) as the time it takes to complete one rotation.

Distance: ~ When traveling in a circular path, the distance ey
travelled is equal to the circumference of that circular path. C— m r

The speed of an object moving with uniform circular motion is therefore given by:

QT (distance)

V

This formula allows us to determine the speed of the mass. Now, how do we determine the

While the object is traveling at a constant speed...the object is constantly changing direction.

-—-;-———;

L D = AV _ ,
The definition of acceleration is: a AV = CO')’)‘) nua / Ch a IyQ

gy; +
n velodﬁ/

*+the direchon ~
of the velocily atany Hme
is Tangent fo" the circk.

Even though the object is traveling at a constant speed, anything traveling in a circular path

has acceleration due to the continual change in direction g A
vz 21r)
roT

acceleration? Is the mass accelerating? ye S

<

This acceleration is found using;:

acslzz Wr*

-
r G g




In uniform circular motion, the velocity and the acceleration are continually changing

direction, and are perpendicular to each other at each moment.

Example: The force on the stone swung string is

Centripetal Acceleration T

As seen in the diagram, the force that is exerted on the object is directed toward the center of

the circle. This means that the acceleration must also be directed toward the center of the

dre.  =cenfripetal means

Y center - S@@E:fy

ity is always directed along the tangent of the circle = perpendicular to the

According to Newton’s Laws of Motion, if an object is accelerated toward the center, then

there must also be a... z'ycj IH "’i(’j)@ samé ﬁié'fmﬁa%;@ﬂ

Centripetal Force = F

Centripetal force is a name given to any force that causes an objecl to move in a drde,

Examples include: Temsion through a string as in the rock example,

rounds a curve on a highway, gravity as when the moon circles the Earth, or &

when an electron orbits a proton.

A 5 \]‘
o the YTC‘ v\.AnY7 FeCTOTL.

x’)’\

In circular motion, the foree vector is always

C.‘
)'(‘2

Centripetal Force: 9
Ezm%zmvzm%ﬁ

In uniform circular motion, because the acceleration I force that is causing the

acceleration myust aiso be wnifor.




/' Centrifugal Force?

Whlle centnpetal means Center—seekmg centnfugal means “center-fleeing”. Centrifugal
force is really just an apparent force —is does not actually exist, It is the apparent force that
causes an ob]ect to move along a straight line. However, Newtont's First Law tells us you do

not need a foroe fo keep an object moving in a straight, only to change its direction.

Example: A 0.50 kg mass hangs on a frictionless table and is attached to hanging weight. The

0.50 kg mass is whirled in a circle of radius 0.20 m at 2.3 m/s.

(A) Ca%clate the centripetal force acting on the mass. (B) Calculate the mass of the hanging weight.

Lid Z e Lid
Fe=my F=T=F
LS
_ a=m ( T- S’)
= (059(23) /3
' /.35 Kg

Flat
Example: A car traveling at 14 m/s goes around an unbanked curve in the road that has a radius of 96

m. What is its centripetal acceleration? , |

FN/ - - 2 2 2
o \ Ac=VN_ :,_)f'l; = 0?704 »m/s
,59 ) / 9 |

P

What is the minimum coefficient of friction between the road and the car’s tires?

L) = = s0.,. a
XU 2 T = mae  papTg = pio
0-

Y N (2.9) = 2.0
\ Fn or M
= N e’ = .
‘?0 )( ( ('Yo' /4 M 9 o o.2)

Example A plane makes a complete circle with a radius of 3622 m in 2.10 minutes. What is the speed

of the plane? V,R‘ﬂ/r‘ — 0’2 3 W‘XBLZ—Z) /8/”)[5

] aay

/ ] Oﬂéﬁ‘ T Q-IO)(GO)

/
/




Uniform Circular Motion Problems

1. A ball is swung on the end of a string at a constant speed in a horizontal circle.

a) Which path does the ball follow at the moment the string breaks?

> when +he shing breals, +he ball Fles ot in the
7 direchon of & Velocity it has at hat moment.

b) Which path represents the direction of the velocity of the ball?

cC fafyen* 7 Jhe circular pan

c) Which path represents the direction of the acceleration of the ball?

> n uniform le’cw’ar‘ modion ,+he acceleratson
ot the ohect s directed 7‘Drvarol +he center
of +he Jecle = = cenipedel

d) Which path represents the direction of the force exerted on the ball by the string?

A > AJoward CGV)J-\"/F = cen¥ IJ)O’}V»}

2. A car is about to go around a curve. Using principles of physics, explain the following

questions.

a) Can the car go around the curve with a constant speed?

yes? speed is scalar & msa remain
con

b) Can the car go around the curve with zero acceleration?

no — W direchon oharge,ﬁ velou/ychmyes acce .

c) Can the car go around the curve with constant acceleration?

o 2 direchion change = changing acel



3. A small stone rests on the edge of an antique vinyl record player which is whirling around

at 33 rotations per minute.

Axis of rotation

a) Draw a diagram showing the forces acting on the stone.

\

/AR
b) What provides the centripetal force to keep the stone on the record?

stohc Fp between The recod  andthe shre.

4. Calculate the centripetal force acting on a 925 kg car as it rounds an unbanked curve with
aradius of 75 m at a speed of 22 m/s. (6.0 x 103 N)

E= mv- @5022)° = 6.0X0°N
s 25 B

5. A small plane makes a complete circle with a radius of 3282 m in 2.0 minutes. What is the

centripetal acceleration of the plane? (9.0 m/s?)

_ 2 v= QT = 20 (2282) = 192 m)s
ro T | ,Zo(é,o)

- (/_7_51_31
3282

6. A car with a mass of 822 kg rounds an unbanked curve in the road at a speed of 28.0 m/s.

a.= 9.0 m/sl

If the radius of the curve is 105 m, what is the average centripetal force exerted on the car?

R g _m/\/2 - (XAQXQ?D?' ~ 6.4 x:OZ\/
r 10S

7. An amusement park ride has a radius of 2.8 m. If the time of one revolution of a rider is
0.98 s, what is the speed of the rider?

.;U/r‘ dishane\ _ X(2.8) _ [Bm]s
time 0 99




|

8. An electron (m =9.11 x 10 kg) moves in a circle whose radius is 2.00 x 10 m. If the force
acting on the electron is 4.60 x 104 N, what is the speed of the electron? (3.18x107 m/s)

72 -4 -3(),,%
/jc = MV 4.60x10 A (a.llx10 ~>V v=3.(gxr07m/s
r 2.00%XI0 >

9. A 925 kg car rounds an unbanked curve at a speed of 25 m/s. If the radius of the curve is 72
m, what is the minimum coefficient of friction between the car and the road required so that
the car does not skid? (0.89)

< ( yA
=R FemmV® —(05)(x) - 030N

I
G030 = 1 /@,;3’@.8) 72

m=0.49

10. A 2.7 x 10° kg satellite orbits Earth at a distance of 1.8 x 10” m from Earth’s center at a
speed of 4.7 x 10® m/s. What force does Earth exert on the satellite?

Fe=mV™ = (Q700(4700]  =33x[0°N
r /.'8)(107

11. An athlete whirls a 3.7 kg shot-put in a horizontal circle with a radius of 0.90 m. If the

period of rotation is 0.30 s,
a) What is the speed of the shot-put when released? (18.8 m/s)
v= TF = 2 (0.90) _ 188
T 030 M

b) What is the centripetal force acgi_ng on the shot—pu%_ while it is rotated? (1.45 x 10° N)
Fo=mv. (32(BD = | ¢5x03N
r © 90

¢) How far would the shot-put travel horizontally if it is released 1.2 m above the ground?
(9.3m)

V= d T—a\ 4: —la=ord(-45)t* t:0495s

- \
.

t

13.6=d d=9.3 m
0495

X prv)ccv'ilc ot on




12. Calculate the speed and acceleration of a point on the circumference of a 33.3 phonograph

record. The diameter of the record is 30.0 cm, (Tt makes 33.3 revolutions per minute). (0.52

m/s, 1.83 m/s?) O __
V=2a1r = & (0.5) v= 0.52m/s =257 .80 s
T, (.%o
ac= ¥ - QSN = [B3mls
r 0.5 —

13. A string requires a 135 N force in order to break it. A 2.00 kg mass is tied to this string
and whirled it in a horizontal circle with a radius of 1.10 m. What is the maximum speed that

the mass can be whirled without breaking the string? (8.62 m/s)

F.= my* /357= .00V " V= 8.62 mis
/Yy o}
r~ |.10

14. A 932 kg car is traveling around an unbanked curve that has a radius of 82 m. What is the

maximum speed that this car can round this curve without skidding?

a) If the coefficient of friction is 0.95? (27.601,2/5 c = F‘;C = (6 95)("132 "78)'—‘9499/\4

b) If the coefficient of friction is 0.40? (17.9 n}/fg _ _f_?’l\_/_ 2 — ( a3 Z) [\/ 73 =367
L) E=(0.99(a3+18)=%53N 1" Tga

= my? = (43)V0 3153 -
'S H2

=179 m/5




Physics 12 - Vertical Circular Motion

When the motion of an object is in a vertical circular path, the centripetal force may be

different at varying points of the motion.

Why do the forces vary from point to point? // T é\:j\\
Top Position (C): [ ‘ : \\
[
T EQ *Fafceﬁaf@ I(\7Lh€ D ._*i;__ B
| Sam€  direction g e

F
8. —R=-Tr(FR) oc |E

Bottom Position (A):

¢ T  XForces are /n +he M A
Fg SO~ Fe=T+(=Fg) or \E:T“g

Side Positions (B and D): > since Fg is angent to the circle in both cases, it has 1o

P -~

/

T Fe ceatdribuiie fo the centripetal fm ce in these posztzons.

=7

Example: A 1.7 kg object is swung from the end of a 0.60 m string in a vertical circle. If the

time of one revolution is 1.1 s, what is the tension in the string? Assume uniform speed.

T
a) When it is at the top? b) When it is at the bottom? ¢’

=T+ Fg ﬁ FZ; T—Fﬂ | g
335=T+(1793) " 33.3=T—(1#9%)
T=17N T=50N_

Need toAhd Fe - =_lf[r (1.4 T (0 L0) T 23.3N

[l




When determining the mininvim speed required so that the object

Y

B ol

rcie (very useful for a roller coaster design!), the

¢

v o normal force (if there are two surfaces) ans egual 1o verG,
. Cm=—=—T

S0 FE =T

7&:@ //ﬁr‘_'py\

We say that the mass at the peak of the arc is weightless,

because the net force working on it is only gravity. This is I =

the same as an object in free fall.

Example: An object is swung in a vertical circle with a radius of 0.75 m. What is the

minimum speed of the object at the top of the motion for the object to remain in its circular

motion? -

s . V= 8 9 V= d ; % / S
F‘Q:Fc S\

/ \ :m

Banked Curves

Engineers do not always rely on friction alone to provide the centripetal force necessary for a
car to round a curve safely. These curves are usually banked which allow cars, regardless of

their mass, to round the curve safely at a certain speed even if the road is frictionless.

e Consider a car traveling at a constant speed around a \

! F
N P <
PPN N

frictioniess banked corner.

On the frictionless corner, the only forces acting on the car

Y

t

t

t

t

¥

H

i

X

t

are: ZZN $ F X
9 !
and |

La i

i

]

b

:

!

I 1 1 Ti Tt Ameoiorabor FRe eme 3T TA T STy ed
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Example: Calculate the angle at which a frictionless curve must be banked if a car is to round

it safely at a speed of 22 m/s if its radius is 475 m. m \/z
— AN 2
Fiu fano=Ffc = 5= = v

Fy @ @__/ﬂ\j
frans late to diagram %




Example: A 0.25 kg toy plane is attached to a string so that it flies in a horizontal circle with a

- radius of 0.80 m. The string makes a.28° angle to. the.vertical. What is its pperiod of rotation? . . .

4fﬂh$k‘)l$‘ F/_f\d FCE"W: 'F(-;
7
fon2%= 7.
(02514 ‘Z>

Fe= [ 30N

(ookirg for perind ﬁ') = mln’r /.30:(0.25)471’2(0-3‘3

2 7’2—
7 7 =25s

, —
Example: A string requires a 135 N force in order to break it. A 2.00 kg mass is tied to this
string and whirled in a vertical circle with a radius of 1.10m. What is the maximum speed

that this mass can be whirled without breaking the string?
choose %op or boHom = =T F5

" =12519.6= 1154 N
Femv?  151=G.oV"

S /.10
v=+£.97

Example: An 826 kg car travelling a speed of 14.0 m/s goes over a hill. If the radius of this

curve is 61.0 m, what is the force exerted on the car by the road at the crest of the hill ?

o=+ iy Fe njg__v:(azelﬁﬂ
 Tglo
Fe = 6064 N

.Y ‘i/wé"z G )= -_.:: = N
e +F+(-2095)=0 =g = 8BS

Fu 513 110°N ]
2N




Vertical Circular Motion Problems:

- -~ ”@“ ~
1. A 0.20 kg ball on the end of a string is swung in a vertical circle. ’f/ ™ N
/ N\
a) Find the minimum speed the ball must have at the top // L2m \\
f the circle t in in a circle. (3.4 / ‘?»ﬁﬁ* !
of the circle to remain in a circle. (3.4 m/s) ! i 3
|
b) If the speed of the ball is 5.0 m/s at the bottom of the circle, \ //
\
find the tension in the string at the bottom. (6.13 N) \ //
\
‘ /
— _ s
a)Fc=Fg=(0-20)%.9)= 196N R
B

[.9b=(020)V* v=3.1m/s

L2,
b) F.= (o-20(5.0) = "7 N Fe=T-Fg (bo%rr)
> 4.17=T~(0:20°99)

T= (13N

2. A 40 kg girl on a Ferris wheel moves in a vertical circle of radius 8.0 m. The period of the

Ferris wheel is 12 s.

a) Draw a diagram showing the forces acting on the girl at the

top and then at the bottom.

b) Find the forces exerted on the girl by the seat at the top
and bottom of the circle. (Fg =-392N, Top: Fc=-87.7 N, Fn=+304 N
Bottom: Fc=+87.7 N, Fn = +480 N)

1N fc’f‘ frd
P Ao Hbm.'
a) rop %Fc %"}9

2
by Fo = i o (g0) = 824N
top> F.=Fy+*Fg 8777 F +(—392

botom>  Fe=Fu tFg

Fp
Fy =304

+§1.7 ¢ FN*(-—J‘?Q) Fy = YgON



3. A 1200 kg vehicle travels at a constant speed on a hill of radius 48 m as shown in the
v T
diagram. . L e e — , (2) L

Te JhFy

a) Draw a diagram showing the forces acting on the vehicle.

b) If the vehicle travels at the top of the hill at 14 m/s, what is the force exerted by the road on
the vehicle? (6860 N)

c¢) What is the maximum speed the vehicle can have as it passes the top of the hill before

losing contact with the road? (21.7 m/s)

by Find Fri Fee (u@_ﬂb 4900 N
FoFut Fy — 0= s (-99:000) Ty 660N,

¢) Fo=Fg = 11760 = <'.Z_<_)_@\’L V=27 m/s
493

4. A 0.25 kg sphere rolls down without friction along the loop-the-loop track with a radius of

2.2 m as shown in the diagram.

a) Fe= Fy=(0159.9) Q%tﬂ
A‘{S’«(o_,l\/ v=tdm/e
AKE =APE = J—(o 25)(%4) J?’DTJL
290 =(0.25)a. %)L\h Ah=).10m
h= ph+200.2) = 110+ (44) = 55m

a) From what minimum height, h, must the sphere be released so that it remains on the

circular track at all times, even at the top of the loop (point B)?



b) If the release height is 2h, find the speed of the sphere and the normal force exerted by the
track at point B. (v=11.4m/s, Fn=-12.3N) .

a(s.8)=n.om — Ah= 1.0~ U4= (om
A =nPE. PE) =930k Ve= 114w

2%
fz= (O.;USXH-LD, 147N L=+ Fg _
© R 2= F(-as) RN

c) If the release height is 2h and the radius of the loop is 1.1m, find the speed of the sphere
and the normal force exerted by the track at point B. (v =13.1 m/s, Fx =-37 N)

Nh=11.0-22=8.8mM j(v,,"_oﬂ)z _7,3(,3,@
V= 3. 1m/s

F(}:(O'QS)(’%'I)?_:\BQN -
l.1 §
F= Fu ,,_;f—g -39 = F:N“f'(*,?,L/’S) Fu= —37N

5. A 0.25 kg object is attached to a 0.80 m string. The object is pulled to point A, and then

released as shown in the diagram. The object reaches a speed of 3.0 m/s at the bottom (point

B) of its swing.
a) What is the angle 6 when the object is at point A? (65°) QOQ{\

b) What is the tension in the string at point C? (1.04 N)

c) What is the maximum tension in the string? (5.26 N)
a) AKE = APE
~;{-(5,01— &) =-9.3 Ah  Ah=-0Mbm
-0 =65" = ©
00 (O-‘JO) bs” i
b) y=omls so a =omlss < Z2F=ma, =0 =.OYN
) e = "IE*‘ Fg O0=TH+ Co5Y a8 cosbS) TBLQ—/
~ ot B = max R will be at point
¢) MoX- Og is (_;Z+ P()m‘} maX.ra e Pog,,*r—!—(——oﬁ“q-@
= (033 3.0 = 4.3l N F=TtH a-
-$0 T= 5.abN




6. You are riding your bike on a track that forms a vertical circular loop as shown in the
diagram. If the diameter of the loop is 10.0 m, how fast would you have to be travelling. .. ..
when you reached the top of the loop so that you would not fall? (7.0 m/s)

Refy ey valrg = {Eoas) TFomks

7. What is the correct speed for a car rounding a 125 m curve in the highway under very icy

conditions if the banking angle is 20.0°?

an® = _v* +and 0=y V=al.l mfs
9 (12519.8)

8. A student has a weight of 655 N. While riding on a roller coaster, this same student has an
apparent weight of 1.96'x 10° N at the bottom of the dip that has a radius of 18.0 m. What is
the speed of this roller coaster? (18.8 m/s)

@, Te=FurFy = 1960H(455) = 1305 N

. %ﬂ/ 1305 = ((o__x_ﬁ) v= 198

9. A 745 m curve on a racetrack is to be banked for cars travelling at 90.0 m/s. At what angle

should it be banked if it is going ;o used undgr very icy conditions? (48°)
- 2 - 90 * : o
Jan© =y fan™"( 0= = {4
T r9 2451.9) ,_ig

10. A string requires a 186 N force in order to break. A 1.50 kg‘mass is tied to this string and
whirled in a vertical circle with a radius of 1.90 m. What is the maximum speed that this

mass can be whirled without breaking the string?

7 m/s
WA Ly < 86 H(- 1579.8) = 713N
R I71= (1 q)v V=147 m)s
I e ———

11. A 2.2 kg object is whirled in a vertical circle whose radius is 1.0 m. If the time of one

revolution is 0.97 s, what is the tension in the string? (assume uniform speed)

a) When it is at the top? (-71N) ﬁ) F T7L" @ F mLhT s

b) When it is at the bottom? (114N)=‘q9‘ CE T‘f’ (—’}QI 6) -/ 2. ! L[T}Ql/l D)
§).5= 7’+(/;/(0> 204N (0.97)*

Z ot =3 N
Tt 11N |




12. A wheel shaped space station whose radius is 48 m produces artificial gravity by rotating.
. _How fast must this station rotate so that the crew members have the same apparent weight ..
in this station as they have on Earth? (21.7 m/s) VAR 8 Lg = \/ tfg .qg

IEEZ-;@ :o?’-:?m/s

13. An airplane travelling at a speed of 115 m/s makes a complete horizontal turn in 120 s.
What is the banking angle? (32°)

;TN v=d 15=d d= /3goom=circum;@mm&
\ t |20 (dlistarce honelled

' /

\ - C=Tr 12800=ATr r=3al9+m
il st ao
for ((amquj 0=Jd

14. A 2.5 kg ball is tied to a 0.75 m string and whirled in a vertical circle (assume a constant

speed of 12 m/s).

a) Why is the tension in the string greater at its low point than at its high point?
)"’7:. h=> - @D F":?—T'}‘/%
G/ = A
I TERS oy ifrert
T — | ~ : :
e g sy F
V7 T=fct g 0

b) What is the tension in the string at its-

2.
i) low point? (505 N) % - (Q _S_Zi)) - 440N
075

ii) high point? (-456 N)

s Ygo=T+(-aus) T=SO5N
l?gh:*HthTq»(-;”l.S)) T =-YSkL N



Physics 12 — Universal Gravitation and Satellite Motion

Newton explained the dynamics of the solar system in his Law of Universal Gravitation. He
explained through his first law of motion that if a planet is moving in a circular path, it has
centripetal acceleration and therefore must be centripetal force acting on it. Newton showed
that this force must be caused by the sun.

Using Kepler’s three laws of planetary motion and Newton's three laws of motion, Newton

formulated the Law of Universal Gravitation. (The derivation of this will be posted my

portal site)
The basics ¢
A. Every pi PS¢ exerts an
B. The gravitational force betweeit aity
a. directly proportional to the product of their masses - j S igPasT —
b. mversely proportional to the square of the distance between their centers — 5 e «;1:~2
. g .,
( *“)_“ “ ) Eg o tmmg . f/f o \\\ 50{( QX l’D)
= 2%;1 ~— aa (ﬁzi) ( =10kg ) r;%_g_’j_
=0.25 N g \ /
o ™,

D. When combined mathematically, the formula found is:

@ = Gm,m,
r? =6.67x10""N"*




Example: Calculate the force of gravity between two 75 kg students if their centers of mass

0S5 mapart /o — (4 67 XI0 “(75X75) Fo = X0 Y

( 0 95)%
Example: A satellite weighs 2000 N Lsurface How much does it weigh if its mass is
tripled and its orbital radius is doubled? I 60’), QOOON
r
ATER LY -
e I / [ ’ @J— 6’”13’”2 Foy =
o Jar 87

S0
{-?—(‘? Ooo)

=750 M.

nE 7 LT B g
REmss: oo
AL il V¥ L ElE,

°amoum" D;L ratter j\r’a\u‘}“a‘h onal attrathon (93
o constanT everywherc  « chariges dependiryon lotodhon

Net Gravitational Force

Three equal 0.75 kg mass balls are placed as shown in the diagram. Determine the net

gravitational force on “2” due to the presence of ”1 and

R, (6 Fx 0 "o.7500 75)
+—0.20m —> [ . ')S)

Ié!)oxlo N
R, —@2 (663010 X050 75)
( 0.50)*
Fa, {150 ¥ 1I07° N
R= @s:uo’?’:u(é.oxIO'"’)L

5
\L;:m =6/8X10°N @
3

Z26° Wof S




Satellites inOrbit

A sétellite of Eartﬁ, such as the moon, is éonstaﬁtiy falhng ,,"/ \';:P
But it does not fall towards the Earth... it falls around the ,’/ ‘ Fg \‘\‘
Earth. Just as if you were in an elevator that was falling :' E
towards the Earth you would feel weightless if you were \ /
on an artificial satellite falling around the Earth.
. [} j N . P -
% Circular mokon e
F~ =xXisto>=
Example: A 4500 kg Earth satellite has an bital radius of 8.50 x 107 m. At what speed does it
travel? m,—SQX XIO ? l_— _ }:‘
= YsSVO C 9
7omy N /""" 35_03(10 mn le‘m& 53{;%%%}{1%;
ull
y= (o zxr Yoaguo*l) 2 C—,;m, or | V= Gm,
(- g 50 ¥ /0%) | ~
V=alble m 5

= body crusing
[& [FX10 I’Y)/S) (m, gV 5

chon



Law of Gravitation and Satellite Motion Problems:
1. The mass of the planet Jupiter is 1.9 x 10% kg, and the average radius is 7.2 x 107 m

a) If a 3200 kg space probe is sitting on the surface of Jupiter, what is the gravitational force
between the space probe and Jupiter? (7.8 x10* N)

m, =" Fo= (6.67x10 "X(.9x10>" X 3200)
| (7.2x107)*

Fg = 7.8x10% N

b) If the 3200 kg space probe is to accelerate upwards at 2.8 m/s? as it leaves Jupiter, what is

the thrugt force exerted by the engine? (8.7 x 104 N) Y
Fa ma = g+ Ry Fa= w
y
Ta  (320002.9) = F, + (-2.9%I0")
K

¢) If an astronaut experiences a gravitational force of 1600 N at an altitude of 3.2 x 10°m

above Jupiter, what is the mass of the astronaut? (71 kg)

R = (6.6 0" X1-9x10™) m,

= (3.;1)((064—-?'3’“0?)&
Mz ml':.‘?, '
m, =+l Kg
N+ M=r

2. A 30 kg box is 2.0 m away from a 1200 kg car. Which exerts a greater gravitational force on

the other? Explain your answer. (neither

neither => 65 [ ual & gpposiic,
nifude. dlfechon

3. What gravitational force does the moon produce if the centers of the Earth and the moon
are 3.84 x 10® m apart and the moon has a mass of 7.35 x 102 kg? (1.99 x 10®® N) -

m,< o, F= (667 x0" Y 598X (2.35x1°2)
(3.24x10%)*
=1.99% 10*°N




5. If the gravitational force between two objects of equal mass is 4.50 x 10N when the

objects are 7.0 m apart, what is.the mass of each object? (1.8 x 10° kg)

M, M spx/00 = (667210 ")m”  m=/BIBKg
- (?’D‘)z = /,9)(103/4

6. Calculate the gravitational force on a 6.50 x 102 kg spacecraft that is 4.15 x 10°m above the
surface of the Earth. (2.35x 1

m, Og% (b.67x 10™")( 5.9810*)( eso)
- (038 10k + 4. 15)(/0")
- Fg= Q.35 x10°N

f"‘fa”\z.

7. The gravitational force between two objects that are 0.33 m apart is 3.2 x 10®° N. If the mass

of one object is 60 kg, what is the mass of the other object? (871 kg)

m e 80007 = (607 007" X6oXm,)  m, =871 K
CB—@ (0'33)2-

8. Calculate the speed of the moon in its orbit around Earth. (Radius of moon’s orbit =
3.84x10%m; moon’s mass = 7.35 x 102 kg) (1.02 x 10° m/s)

— " V= 1017 mis

9. Calculate the speed of a satellite orbiting Earth at a height of 4.4 x 105 m above the Earth’s

surface. (7.6 x 10°* m/s) V= (6 a(a?‘XIO_”)LS ag X 1o? 4) V= 2.4 XIOBm/j
(6.3BX10 & -4 4T°)

10. Calculate the orbital speed of a satellite 5.0 x 10° m above the surface of Jupiter. (Radius of
]up1ter =7.18 x 107 m; mass of Jupiter = 1.90 x 10% kg) (4.06 x 10 m/s)

(667 % 10~")(1.90 x [D?7) V= 4,06 x|
/(?/swo?+50ﬂo) 4 0x10"mls

11. Calculate the speed of Earth in its orbit around the Sun. (Radius of Earth’s orbit =

1.50x10"my; s g) (2.97 x 10* m/s)
y= [(0b? xeo""ilqzxzo@ v=2.97 x10" m/e
(.50 x10")




2.3
2T calculate the time of one revolution (length of a year) on

N 7= far (03

12. Using the formula 7 =

Mars. (Mar’s mass = 6.4 x 10% kg; radius of Mar’s orbit = 2.3 x 10" m) ( P " 30)
(6.0 x 107 s or 1.9 years) 2 66(‘;?(;((130.5 oXiQ
= 19 yeaf.ﬁ

13. Three masses are placed as shown in the diagram. Determine the net gravitational force
on “B” due to the presence of “A” and “C”. (2.15x 10° N @ 39° W of 5)

&—-——07559' (é) b?v:o )C?BOXSCD
- (o 7oV

J 7% =1.36X107 N
= 230 kg o= 50 ks 5, o (.67 x10 “XSO)(Q 5)
o 0.50 m C 0.SD*
- 1, = 1632107 N
TV © g A e
+ar! fl) ms =125 kg :o?,/5xﬁ0“6N@ 39° WotS
Fyo wof S -

14. Three masses are placed as shown in the diagram. Determine the net gravitational force o
“Y” due to the presence of “X” and “Z”. (2.57 x 10 “N @ 14° Eof5)

. 050m-21 é'é"?x‘o t?(/S_XIS)

(050
@ =6.0x107"'° N

m2=15kg
o =(ct? i is)Es)
(1o)*
=3.5 207N

=+ [C ,oxlcz P H2 Sxi07
=25¥x10” T N (B 14 °FoS




/Galilei 27 orbiting lris 2 (part 1) ..

Context

Within the scope of the EESP project (Exploration of Extrasolar Planets), we have identified three planets
that are suitable for sustaining life forms that are similar to us. We are in the process of developing
various mission scenarios that could eventually be carried out on these three planets. You have been
selected to plan the encounter between Galilei 27 and Iris 2.

Galilei 27 is the name of the space ship that will transport the astronauts. Iris 2 is the name of the planet,
among the suitable three, that is closest fo Earth. Planet Iris 2 has a lower mass than that of the Earth but
has a smaller radius. This is the information we have gathered so far:

Mass of Iris 2; m;= 2.0 x 10* kg Radius of Iris 2: 1, = 2 000 km
Mass of Galilei 27: mg=5.0x 10° kg

Your task is to calculate certain parameters that will be needed to accomplish the technical aspects of the
mission scenario. Perform the following calculations:

We should be able to approach Iris 2 without any problems. However, in order to land on its surface, we
must know the attractive force that will be exerted on the space ship when it is positioned at a distance of
10 000 km from the planet's surface.

»  Calculate the attractive force that will be exerted by Iris 2 on the spéce ship when it is
positioned at that distance from the surface of the planet. :
«  Calculate the acceleration that Galilei 27 will experience at that distance.

Please note: this data will help us design a landing plan (the thrust the motors will need to help the
spaceship brake during its landing, the adequate quantity of fuel, the time it takes to brake, etc.)

In the probable event that Galilei 27 lands on Iris 2 as anticipated, physiological factors must also be
taken into account:

«  Calculate the gravitational acceleration on the planet's surface.

+  What force will the astronaut need to apply to lift a radiation monitor that has a mass of 2 kg
to 1.5m above the surface? (2.50 J of work is done to overcome atmospheric friction)

- |f the astronaut drops the monitor from a height of 1 metre, how long will it take for it to fall to
the ground?

Please note: these facts will allow us to evaluate how the human body will react to gravity on Iris 2. In
addition, they will help us choose the materials needed for the fabrication of space suits, and the technical
equipment that the astronauts will carry when they first walk on Iris 2. They will also enable us to
determine other parameters, such as resistance of the materials chosen.

Please use a separate piece of paper and show all calculations and answers for each of the points.
Malke sure fo label each value with its purpose. (ie. Gravitational Acceleration at Surface - ...)

N

/




/.Fj at 10000 Km above swrface-’

Fo= (667%10"Ya.0 10250107
(2.0 x10° + l.ox10%) %

Fg = [f63x107N)

2. :9’ ot 10000 km above surfacgj

9= (674107 Vaoxi02) | 9= 9.92b Njy,

b+ (.0xID7 )P
/

e

3. \3/ at surdace = —

= '
_ (ouzx0 o) |97 84 N
g | a=334m)s”

(2.0X10%)*

Y. Force appl'/cd-a W;—_ZFJ

We=fFp-d . APE=SF d

;2-'5‘1'0= £ .S fretett (2.0334)(15) = S'F- 15
SF=668N___

663 = Fa+(—167) fa %;;N’J
5. pith air frichon

ma - {:g T Ea;(‘ ‘/ o
(20)a = (A-OYSB.L,‘ +G—fé a=32.bm/s Co)oy\ln]

—[. 0= O‘/';L(ﬁ_g;(/b)t)_ 't= 0248 S

e o




Physics 12 - Gravitational Fields

In order to explain forces between two objects that are not in contact, scientists developed the

concept of fields. Fields are defined as spheres of influence and can be classified as scalar or

vector. Scalar field examples would be sounds fields and heat fields.

To help visualize how a field works...consider a campfire and the heat field that it emits.

As you approach the fire... ‘7L/')€ 148’0’ Sﬁeﬁ +h
Inereases 7\ 7LC’"‘P>

As you increase the size of the fire..

o 2!
A gravitational field is a vector feld due to the fact that gravity is a foree @
> <4— Gravitational line of force

Gravitational Field Strength is the acceleration due to gravity and it will vary depending on

eld

On Earth, the gravitational field strength is 9.80 N/kg /:-E_g = M S H@(\ L)

the masses involved and the distance of separation between the centers of the two opjects.

/4

n,,x

There are two methods to determine the field strength between two objects:

Nﬁw\— *recall that weight is defined as th
\ F [ O(: 5“, (.N) recall that weight is defined as the

\o© - gravitational force (Fg) between a planet
((\ 9 \_9 ) O b Je ¢ and an object on the surface of that
planet.
d X" oS

%&«6‘5 (9

This formula works well if we stay on the surface of the Earth or other planetary mass.



\ .
However, once we leave the surface it does not work very well because... 9 vories

Therefore a more useful formula takes that into account: W, 1-74) ' dl 57%")( e
r ;
§ m, | MOuSS Ovc
; QF a, ecH pdeuL I
* : \{}"g lanet
re

Example: What is the gravitational fleld s e sur ace of ne moon?

Mass of moon = 7.35 x 102 kg : 6;__"_7/ = [é é? X/O /}/? 35’)/)022)

Radius of moon =1.74 x 10¢ m f2 (1.7'4)( {De)?-

= . bd N/}(g

xamg!e A satellite orbits the Earth at a radius of 2.20 x 107 m. What is its crbital period?

~ ' C:fcy)lav’ 5 g simatifed: *“;““’”Tg
LAbR Mo on | 2 g
’ Fe= Fg ‘TZ I am_

M = mg

N3
. 0 7= [AT 2.2.0X07)

(6672107549 XLOZ'O
T = 335 X ;o"

(}eosynchronous Orbit - 1 of a satellite will depend an the strength
The orbital s speell 2L a Wi Qepenidl Oh 0 sirengin
&
£ o v e H
of the g_’{ﬁ‘w’}.‘( fon wal field at the orbital radius. /6 m,
The orbital period of the 55 e deperids only on Ine e t.-s, the

o, Therefore it makes sense that 23 & Cerinin ©

period will match the s
(or geostationary) orbit. ,

Example: Find the orbital radius of a satellite that is geostationary above the Earth’s equator.

N ™ T'm Mhr X60min X 605 = 86400 (1 roraHoL
= . "
————-* - Gm, L}Tr__——azr =(‘>"’7"“0 "XS-‘?&OO"%’) V/
T2t (gHoo)® v2
F3=2.54xip?* r=4233x10"mM

tativnal period of the planet. This satellite is then in geosynchronous

What is the speed of this satellite?
j=aTr = (133107 = 3073 ms
T 66400




Gravitational Field Strength and Problems:

1. The mass of the planet Jupiter is 1.9 x 102 kg, and the average radius is 7.2 x 10’ m

a) What is the gravitational field strength op the surface of Jupiter? (24 N/kg)
@___ =(6.L3 X107 5(/C?>(1027 2 4 N/m
| (:,z 2 X107)

2. A 2.0 kg rock dropped near the surface of a planet reaches a speed of 15m/sin 3.0 s.

a) What is the acceleration due to gravity near the surface of the planet? (5.0 m/s?)

S
Ef"’-‘ —/5 — O a = "530m/5 [a/so 9 >
3 0

b) The planet has an average radius of 4.8 x 106 m. What is the mass of the planet? (1.73 x 10*
kg) =1
\7: Gm, 50= [é,é%)(/O m, m,= I-?é)(tOj‘iﬁ
2 ‘ 6)>
(4 8xi0

3. Calculate the gravitational field strength on the surface of Mars. Mars has a radius of
3.43x10¢ m and a mass of 6.37 x 102 kg. (3.61 N/kg)

\7::;_6_/11_1 (é 6?‘3&0 )(é 3¥X‘O )"_' 3.6/ N
2 (2.43x109)%

4. At what distance from the Earth’s surface is the gravitational field strength 7.33 N/kg?

(1.00x106m) :7233=(éé?-)(lo—uxsqz{?ow

2
e 6 r &
= yr=F38XI0 mn—¢.38 X10°m = L.ox10%m
Gzr,
5. What is the gravitational field strength 1.276 x 107 m above the Earth’s surface? (1.09 N/kg)

g= (6.7 <10 Y598X/02‘/) g=1.09 /\l/\,7
(6.38x10°+1.2765107)

Kg




6. A 2400 kg satellite is in a stable circular orbit around the Earth with a radius of 6.8 x 10° m.

e

a) What provides the centripetal force to keep the satellite in a circular orbit? 72:‘2; == -/tg
b) Find the speed of the satellite in this orbit. (7.66 x 10°m/s)
,_9 V = 67 I,
¢) Find the period of the satellite. (5.58 x 10° s) —'fr:"'
5 - o)
47'}’2(6,8“0") = Jf(g,e’yixro 5 ag 0

6
Ao~ 5a8x% (021) 69110
;;gf;gs Ve 3. 66X 10* mMS

G
Tl

2

7. A satellite in synchronous orbit far above the equator of the Earth appears to be stationary

over a position to an observer on Earth. Explain why the satellite appears to be stationary.

— +he synd\f’Ohous orbit matehes the rotfahon

ofthe Far+h = moves at <ame. rade as EAh
1o fatcs

8. A satellite travels around a 5.20x10% kg planet with an orbital radius of 1.1x10 m. What is
the orbital period of the satellite? (3.89 x 104 s)

7
gL’ Te 390
(Ls7x10"")(5.20%10° >




Physics 12 - Work and Gravitational Potential Energy

Up to this point, we have used the formula Ep = mgh to determine gravitational
potential energy. While this equation works well when finding gravitational potential

energy near the Earth’s surface, it does not work when larger distances are involved.
As we saw when calculating gravitationjl field strength in the last lesson —;ﬁ ! C hdf}ges
9 = Gm, 3=6m, PE= mgh
7 2 ——

,ﬂﬂ-
e as "he C/":.S'llance SO .. - PE jm;(é__n’}
1 r

T

o,

v/ - ;i
#Dm EOI/‘)L}) 7\) g Wl”J/ PE=sz,MZ§
‘ N

Remember that the Ep of a mass is the work done in lifting it a certain height.

When F; is constant — l@o\’f’ When Fg is changing with distance —

O
RN

| (>

SR

e

0__ A H(m}

As we saw above, th

However, that is not the whole picture (v'vhy we need calculus). When dealing with
gravitational potential energy, we use a reference point. At this point the PEg is zero. When
we are finding the gravitational potential energy on a mass provided by the gravitational
force generated by a second mass, we assign the ZERO reference point when the distance
between the objects is infinite (r = ). »

This means that when the objects get closer together, the gravitational potential energy

by FORSe T

Botween Thoin Qorcases. P E i
oL
Sz
5

Because of this, the formula becomes:

+-
PE, =—Gmm, N ML A
1 ,-: P
r° A




Calculaﬁng Work Done: W = N

] o < rmE e E ) [P 1 PN
The WOTS i i Cf S Ot ait OLjL(_L can oe Cq waieg o the s"‘“ "?3% 1 i ? "‘""’ SEIal f“*LCi’UCz SNerEyY oL

ik
an object. This comes from: AFE = (FEy ~{PEj

APE— PE;C PEO 1'\

| L
—Gmm, -—(“ Gm, m,. _)d Josed simpl;ficd APE, = Gmlmz(?b .
r‘F ro 2 4 ~ ’

Energy Conservation:

cs in velocity. Therefore,

S P U AT Oy P "
S04 L5 KANSUC Energy L‘uil\}‘i"‘a’ﬂig TS 18W O CONBArYa

(without any external forces acting on the object).

Law of Conservation of Mechanical Energy > kz‘_—r_:;, -+ }:Eo = KE;Z‘ 4= ;CE ,,C

Example One — A 2.50 x 10° kg geostationary satellite (a satellite that remains in the same
position above the Earth’s surface) is in an orbit that is 3.60 x 107 m above Earth’s surface.

What is the gravitational potential energy of this satellite due to the gravitational force cause

by the Earth? PEﬁ - Gm m, = -(é L7 X0 X%?XX!D?&S_DO)

" 5
O paars r (6.36%10° + 3.63107)

" PE,= Z235X10°T

Example Two — How much work is needed to lift a 1.25 x 10° kg satellite from the Earth’s
surface to a height of 4.00 x 10° m above the Earth’s surface?

AP - Gl A L L

=(6.6Fx10 “)(5 ag 1021\ /350) 6.33 X10° (g, 3px10°+1. ox10°)

q‘qq)(lo'?(é,o x107%)
30X 109 T of woll

i

il




Example Three — A 1.10 x 10°kg object is dropped from a distance of 2.00 x 10° m onto the

Moon'’s surface. How fast is the object travelling when it hits the Moon’s surface?

-APE = AKE [ZWE»%&)&FD) \ \
- 2 S
A/DE = ((J‘O#X/O IX?'.B‘?_XIO ZXHO o%z?{,‘ggfoos 1.7Y4 X106 /

~ 08T
APEg* 3195 x10

~(-3.195 Tk -L<IIOO}(\’F ”O) Ve < 4@’1}@

Example Four: The period of a 1000 kg satellite orbiting the earth is 6.3 x 10% s.
a. Find the altitude of the satellite. .

b. Find the total energy of the satelhte
a) T- 2r'3 63x0°= [FT2r%
Naer "Y5.98x10%%)

3.2771)(107 ’7‘7"2f3 r=737%10"m
3. 3.99x10" a/#v‘udé: 2 37 x10°~ 6.26X10°
= 75 X10° o |
L) pf: = ‘Qm m, = (é LF X0 '){SNXIOZ“’[IO@D)
7. 27 x10F
=5, LH X0 T
y= [(6-bFx0” "YE”IXX 10%) V=2357m)s
2. 3FX10P KE = ~L‘(1000X?357) 2 H0 j

Total E= KE+PE, =37 X)O‘Oi”(«jbf/xno)
=|—d ?Oxzo“’ﬂ




Work and Gravitational Potential Energy Problems:
1. A 2900 kg space probe is 3.8 x 10° m from the center of a planet.

a) If the gravitational potential energy of the space probe is -1.7 x 10" ] relative to
zero at infinity, what is the mass of the planet? (3.3 x 10% kg)

ey ~Gimym, = ~(b.6#% 10" Y m,)(2900) =~ |.7x10"
(3.8%10°)

r
23
= X
m,= 3.3 %107 Ky
b) If the space probe falls to the planet and has a speed of 6.2 x 10° m/s just before

impact with the surface of the planet, what is the radius of the planet? (2.8x10°m)
KE_+PE, = KEp + PCp N
O -+ (_(é,.é?xlO'“)(33 x:ou)(,;ﬂoo) _—_"é’@ﬁookég.@:)—%- \
5
33110 (.67 fo—IQIS.SXlDLy}C’OD)
10 16 - r /
_|pgxp" = 55TXI0 — 6380 F
—aadxp’ e ~6agu o
/,
0= 2.6x10%m ' F

2. A5.8x10% kg meteor falls from an altitude of 7.2 x 10° m above the Earth’s surface.

Ignore air resistance.
a) Find the change in gravitational potential energy of the meteor. (-3.7 x 10" J)

_ L_ L
ME,= Gy — -~ 7 | |
= (6. 6FxI07"(5:98x (15 .8 X 1OM) (N0 HZ X107 (X0

b) Find the speed of the meteor just before impact with the surface of the Earth

(Assume initial velocity is zero) (3.6 x 10° m/s)

o Y4 2.
37x10" = 50"\ =36 X102 mls



¢). If the meteor had an initial speed of 1.8 x 10° m/s, find the kinetic energy of the.
meteor just before impact with the Earth’s surface. (4.6 x 10“{)

23 x10" = + (58210 (ye* ~(.210%) )

l.a?—XrO:’L:\/Fl,_ ..3.3"}XIOG . )
Ve = 4000 m/s AE=j(5.@><,o‘*)(qooo) = 4 o T

3. What minimum energy is required to take a stationary 600 kg satellite from the
surface of the moon to an altitude of 9.2 x 10° m and put it into orbit with an orbital
speed of 1.36 x 10° m/s? (1.1 x 10° J)

APE = Gm,m, (|_ L

Co T
e )
(b.67X10™)(7.35 X10**Y600) | Fuxice  12010° +9.2 XI0

=09 X 0" 5.-?-1-1)()0“’1 — 3_?«5></O':7 - 585« 03T
AKEz;'—(boo)(lzbo)l-_- 555% 00T

8 =[).1x10"
Tm’a/ E’neg\/ = 5.555(106'{“5‘.85.’”0 L\\Os/_‘jl

4. What is the gravitational potential energy of a 5.00 x 10% kg satellite that has an orbital
radius of 9.90 x 10° m around the Earth? (Use PEg=o0 at r = o). (-2.0 x 1011 ])

ng = Gm,mz =(b.b7x10” ' Y5.a8x10% “Ns000)
9.90X10%

r |
=0 20" T

5. What is the work done against gravity on the satellite in problem 4 in lifting it into its
orbit? (1.1 x 10

)

1 -1
W=DPE 5 = m,mz(ro v ) J _ — >
= 199 x 10" (55 x10™%)
= LIxi0" T

6. What is the change in gravitational potential energy of the satellite in problem 4 as it
is lifted from Earth’s surface to its orbit? (1.1 x 10 ])

Lt xio" T (= APEL)




7. What is the speed of a 1750 kg meteorite when it hits the moon’s surface? This
meteorite has a velocity of 1.00 x 10° m/s heading directly toward the moon when it =

was 15000m above the moon’s surface (no friction). (1.02 x 10° m/s)

AKE=-NPE , o
AP%: (6.b7xl0‘”)(?.35 x10°2)175 1.7 x 10015000 1 F 10°
= (858 xl o‘)(— Y0x10™7)
=—Yal x0T
4211107 = 3 750X v —( 000) )

Ve= 1023 mfs = /,0.2><103 mls

8. What is the gravitational potential energy of a 10.0 kg object when it is sitting on the
Earth’s surface? (Use PEg =0 at r = o0) (-6.25 x 108 ])

PE,= = Gmym. = -(.47 x107"Y 5.9 104)10.9
r T 3B lol

__( .25 x1087
o= M—“W

9. What is the change in the gravitational potential energy of a 2.50 x 10° kg satellite as it
is lifted vertically into a circular orbit (radius = 6.90 x 10° m) around Earth? (1.18x10')

APE, = (667310 ",YE?QX’O”)(Q gm)(gé;uo‘ " g a0-10

:(ﬁ-??xzo’*XI.mo"9>
= /.8 010" T




- 10. What minimum energy is required to take a stationary 1200 kg satellite from the
surface of the earth to an altitude of 3.0 x 10° m and put it into an orbit with an orbital
speed of 2.0 x 10° m/s? (2.64 x.10% J)

R
APE,= =(6 67x10"")(5 ‘73"102”)(’20&@3@(;06 6.33x¢o°+3.oxzo>

(‘7‘ ?OIX/O';‘XI';@X&O — L0bX 10T
= .40 x10'°T .
AlE = J«(,Looﬂzooo ~0") =a40x10" T

Total Energy = 2.40 X107 + 2.40%(0"° -—la e x10' 3

11. The period of an 800 kg satellite orbiting the earth is 5.9 x 10%s.
a. Find the altitude of the satellite. (6.2 x 10° m or 6.8 x 10° m with no rounding)
b. Find the gravitational field strength at the altitude of the satellite. (8.1 N/kg)
c. Find the gravitational potential energy of the satellite. (-4.6 x 10 ])

d. Find the total energy of the satellite. (-2.3 x 1010 )

a) 6
r _
561)(;03*}//. y r=7o0x)0 m
(éé?)(lo ')(56“7)((02) H‘)fudcﬁ;oxo 639)([0

3H49X[0° = 0 >

3. QQXIOL{ | (Q)X/O with » N\
nhoro I
b) 9= g = (663210 Ysagx ™) = g, Ny Y
( 2.0X10°)? J

) PEg = = Gmins = (b70” )(s.98290"XB00) = - 46107

-7 ox.lob
d) V=J(b L7 %10 ")(5%*&0”) v=25s41m/s KE“"(‘ZDOY;‘S‘”)

Foxi0f e 210"

Tol E = KE + PE = a.3x10 +[/4 Lx10')
= -3x10°




Physics 12 - Escape Velocity

Escape velocity is the minimum speed an object requires

in order to break away from the Earth’s pulL

It should make sense that if an object is going to be
completely freed from the Earth’s gravitational pull,
we need to supply it with enough KINETIC ENERGY
to match its POTENTIAL ENERGY at infinity.

What goes wp inest coure down, wiless

In terms of equations this means that: vee throw is really, REALLY hard,

APE = ~AKE
y PE, = Q‘({’KED) ™
~-PE, = KE,

2
"G'M - ';‘\‘y/z\’
r

Example: At what speed do you need to throw a 1.0 kg rock in order for it to break away
from the Earth’s pull?

2(6.6F 107" )5 go) _ l04m/s
£.38x10°

Does the mass of the rock matter?

No - nod Fof dc}m’mmng the ve oc;’f\/
yes = 4o defrming K




Escape Velocity Problems:

1. What is the escape speed at the moon’s surface? (2.4 x 10° m/s)

=\F1—6_n: = plot7x 03,35 X107 = 3 4 x10%m 5
?, 1.4 X106

2. What is the mass of a planet that has an escape velocity of 9.0 x 10° m/s and a radius of 7.2 x
106 m? (4.37x10% k

i
o0— [2(6 LF X0 ),
000 —‘m m,= .37 x10* iy

8./)(10?': ;(b.b?fl_o*")m,
F.2XI0%

3. What is the mass of a planet that has a radius of 2.57 x 10° m and an escape of 2.92 x 10
m/s? (1.64 x 10% kg)

2.92.00° = A6 6740 DN,
.57 » |OP

8.5‘3x;06-:-_ ale. 6?-><10"’”)m:
;570(10

4. What is the escape velocity from a planet with a mass of 3.46 x 10% kg and a radius of
2.75x10¢ m? (4.1 x 10* m/s) '

\[2(6 v 7X 0 g ULALOT) VE %Md’m[s
(2.75 X10°¢)

m,= 164X 107Ky

5. What is the radius of a planet whose escape velocity is 1.16 x 10® m/s and a mass of 4.5x10%

kg? (4.45 x 107 m) a(b A0 " 023>

| IbxIO> =
. 7
b &(b.b?YIU—"X"f-SYIO7}> r=445%I10 "M

COMPLETE THE PARTNER ESCAPE VELOCITY ACTIVITY (Hand-in when complete).




