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To infinity and Beyondf(

Th€ Will +0 Win,

+h€ dESire +0 SUcCCceed,
+h€ urdeé +o redch
your full Po+€n+idi..
ThESE areé +h€ KEYS
+ha+ Will UNIOCK

+h€ door

+0 pPErsondi €Xcelience.

DREAM BIG ... AIM HIGH ... NEVER GIVE UP ...




3.1 New+on’s universai Law of eravi+d+ion

A. Gravitational force

Newton’s Universal Law of Gravitation
state that

Gravitational force, F is directly proportional to the product of mass of the object and inversely
proportional to the square of the distance between them

FORMULA

F = Qrayvitational force between
two objects

G = Universal gravitational
constant
(6.67 x 107" N m? kg?)
IM1 = mass of first object

M2 = mass of second object

r = distance between the center

> of two objects

Factor that affect gravitational force

VAN

mass of object, m

!

Relationship

mass, m T,

gravitational force, F T

> be aMazing

distance between objects, r

l

Relationship

distance, r T,
gravitational force, F
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Fi1=F;
F = Gmqmyp
T'Z
Th i h
e moon can orbit around the between Moon and

Earth as there 1SGRAVITATIONAL FORCE Earth

............
.................
e L
. L
. e
. .
. L
. 0
. .
.
““““
. .

o
o
o
o
o
o

Pathway of the
moon if no

. | gravitational

%] force

The ound the Sun GRAVITATIONAL

planets
can Orbit because of the FORCE imposed between the planets and the Sun.
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B. Relationship gravitational acceleration, g, on the surface of the
earth with the universal gravitational constant, g

Object

Newton's Second Law of
Motion

Newton’s Universal Law of
Gravitation

your feet cannot tear apart the Earth nor

are you as tall as mountains
Quran 17:37
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S

Given that ;

Mass of the earth, M =5.97 x 10%* kg
Radius of the earth, R =6.37 x 10° m
Gravitational constant, G = 6.67 x 10”"" N m? kg

Distance from the
centre of the
Earth, r/ m

Gravitational acceleration,

g/ ms?

g=GM = 6.67 x10°(5.97 x 10*Y)= 9.8
R r? (6.37 x 106)2
2R g=GM = 6.67 x10°%(5.97 x 10**) = 4.9
r2 2 x (6.37 x 106)?
3R g=GM = 6.67 x10°(5.97 x10*Y)= 3.3
r2 3 x (6.37 x 108)?
AR g=GM = 6.67 x10°%(5.97 x10*)= 2.5
r? 4 x (6.37 x 106)

GRAVITATION 2021 with Teacher Alina 5




g, 1s the acceleration due to

gravity at height, h from the
Earth's surface

G 1s the Gravitational constant,
M is the mass of the Earth,
R i1s the radius of the Earth.

we TUCThCI

from +h€ EAr+h’s Surface,

w SMANCT

AN i< +he Iravi+a+ional
~accelera+ion, 9.

g GM
h = 2
(R + h)
9 When r> R
9 s inversery
W"gc" r<R ProPor+iondi +o 2
is dirE€CHY <
PropPor+ionadl &
3 1
vl g * 2
0 R T

GRAVITATION 2021 with Teacher Alina 6
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Gravita+iondi

; ACcCelera+tion

of the planets in the

SYS+EM

PldnE+ | MAsS, M /K9 | RaAdiUS, R /M
Sun 1.99 x 1030 6.96 x 108
Moon 7.35x10% 1.74x10°
Mars 6.42 x 10% 3.40x 106
Jupiter 1.90x 107 6.99 x 107
Saturn 5.68x 10% 6.03x 107
: GM
L g=—5 = (6.67 x 10°'1) (1.99 x 103%) = 274 m s>
E (6.96 x 108)2
GM
P9 =5 = (6.67 x 107" (7.35 x 10%) = 1.62 m s?2
: (1.74 x 10°)?
: GM
L g =5 - (6.67 x 10" (6.42 x 10%) = 3.7 ms?
E (3.40 x 10°)
GM
P g =7 = (6.67 x 10°") (1.90 x 10%7) = 25.94 m s
: (6.99 x 107)?
: GM

r2

-y == = (6.67 x 10"") (5.68 x 10%°) = 10.42 m s

(6.03 x 1072
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C. Centripetal force in the motion of satellites and planets system

Centripetal force

The force that act to an object in circular motion

FORMULA F = Centripetal force
2
F = mv m = mass
r :
v = linear speed
| r =radius of the circle
Relationship
Factor that affect . \
Centripetal force [—»| Mass of object, m 7 m T F T
>

Relationship
Linear speed, v > T T
peed, v i,F
Relationship
Radius of the circle, r ) T \L
T = ri,F

i CENHrIPCHAl s the acceleration that
GCCCICPG'I-IOH Oc  directed towards the CENHITE of the circle.

> be aMazing
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Force formula > F=ma 3
muv*
Centripetal force formula —_— F =
r J
2 2
mv v
r r
Planets orbiting around the Sun s Going through a loop
on a roller coaster
Centripetal Vv
\ force

Sun

~~~~~

Centripetal

?entripetaQ

orce 0

Center of
rotation

~n B

Turning a car

’ Spinning a ball on a
string or twirling a lasso

GRAVITATION 2021 with Teacher Alina
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D. Mass of the Earth and the Sun FOrmuid of Linear speed, v

Derive from formula of

Speed = Distance
Time

Distance = Distance travelled by a planet to
make one complete orbit around the Earth

M
oon = Perimeter of orbit = 27Tl

Time = Period of revolution of the Moon
around the Earth = |

Linear speed, V = 27r

T

#Refer Figure 3.20 in Text book

GmM
Newton’s Universal Law of _
Gravitation > F = —)®

Centripetal force formula —_— F = @
r —

GmM muv?
O-@-[2H- [ ]| 2.
r T r

B 4r2y3
QT2

271 GM  /21r\?
replace v with - > -

Where ;

r = Radius of the orbit of any planet or satellite
T = Period of revolution

GRAVITATION 2021 with Teacher Alina 10
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Diagram shows the Earth, planet Mercury and
Venus revolving around the Sun.
[Mass of Sun = 1.99 x 10°° kg,
G =6.67x10""" N m? kg?]

Find:
(1) the period of revolution of Mercury

(1) the radius of orbit of Venus.
(Period of revolution = 0.61 Earth’s year)

(i)
M = 47?r3
GT?

1.99 x10%0 = 4723
GT?

1.99 x10% = 472(5.79 x 10793
6.67 x 101 (T?)

T2 = 4m°(5.79 x 1019 =7.96x 10°%s
1.99 x 10% (6.67 x 107"")
T =0.24 years

(if)
Period of revolution = 0.61 x 3.16 x 10’ s
=1.93x10"s
M = 47?r3
GT?
1.99 x103%0 = 471?r3

6.67 x 1071(1.93 x 107)?

r* = 6.67x10""(1.93 x 107)?
1.99 x 10% 472

r=1.08x10"m

GRAVITATION 2021 with Teacher Alina 11




FORMATIVE PRACTICE 3l

(PAGE: 95 TEXT BOOK)

no 3 A piece of space junk of mass 24 kg is at a distance of 7.00 x 10¢ m from the centre of the Earth. What
e isthe gravitational force between the space junk and the Earth?
[G=6.67 x 10" Nm? kg?,
mass of the Earth = 5.97 x 10?4 kg]

Gm M
F=—:
r

_ (6.67x10711)(24)(5.97 x 102%)

F (7 x10%)2

F=195.03N

A weather satellite orbits the Earth at a height of 560 km. What is the value of gravitational acceleration
no I'". at the position of the satellite?

[G =667 x 107 N m? kg‘2, r =R+h
mass of the Earth = 5.97 x 1024 kg, =560x 103+ 6.37 x 106
radius of the Earth = 6.37 x 10°m] —693%x10°m
Gm M
mg =—3
GM
&= I‘_Z

_ (6.67x1071)(5.97 x 10*%)
B (6.93 x 10%)2

g =28.292 ms?

GRAVITATION 2021 with Teacher Alina 12




n 5 A man-made satellite of mass 400 kg orbits the Earth with a radius of 8.2 x 106 m.
o e Linear speed of the satellite is 6.96 x 10° m s . What is the centripetal force acting on the satellite?

muv?

r

p _ (400)(6.96 x 10%)?
- 8.2 x 10°

F=2363N

no 6 Figure 3.23 shows Mercury orbiting the Sun with a radius of 5.79 x 10" m and a period of
® revolution of 7.57 x 10¢s. Calculate the mass of the Sun.

B A2 73 Orbit of Mercury —-

GT? ", Mercury

412 (5.79 x 1010)3

M = |
(6.67 x10-11)(7.57 x 106)2 %

M = 2.005 x 10 kg

Figure 3.23

Timeis fI'€E, butit's PriCEIESS.
You can't OWN it, but you can USE it.

You can't KEEP it, but you can SPENd it.
Once you've [0S+ it...

youCOAN NEVEr 9€+ i+ bACK.

Harvey Mackay
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3.2 KEPLER'S LAW

A. Explain Kepler's Law
AII PIANE+S MOVE in

e“ip'HC al Orbit+S With thC
Sun a+ oné
fOCUS

PErin€lion Point+ MINOR AXIS

a place where the
planet is the

closest to the

Sun

MAJOR
AXIS

.................................................................................

APhElion Poin+

a place where the planet is

the farthest to the Sun

“*” The planet in Solar system have GIIiP'I‘iC ai shaped orbits.
“*” The Sun always stays on a fOCUS Of +h€ CIIiPSE.

“" The major axis is IOHQCP than the minor axis.

“*~ Most orbit of planets in the Solar system have major axis and minor axis of almost at the SGI”\C
length.

“*~ Planets can be assumed to make Cir‘CUIGr‘ motion around the Sun
“* The radiUS O'F OPbi'I' = the average value of the distance between the planet

and the Sun.

GRAVITATION 2021 with Teacher Alina 14




A liNE +ha+ connects a
PIONE+ +0 +h€ SUN SWEEPS OU+

I ePLERSIED>
L * cqual areas in

(LOW Of Areas) equal +imes




, KEPLER’S$ The squag:YopTasgri;iOd of
- pPropor+iond +0
(LW Of PEri0d)  +hE CUbE Of +hE

AdiUS or i+s orbit
[TZOCTBJ Fadius of s

A PlONe+ Which orbits with a IAr9Er

FOdius nas a
loNgder orbit+dl PEriod

MErcury < Venus < Ear+h < Mars <JuPHer < Sat+urn < Uranus < Nee+une

> be amazing |
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B. Express Kepler's Third Law

Mass of the sun

Mass of the planet

Linear speed of the planet
Orbital radius

Period of the planet
around the sun

<|B|EZ

—

-

~~~~~~
-~ -
__________

Distance travelled by the planet in one complete circle = 21T

2nr
Linear speed of the planet, UV = T
Gravitational force that acts Gm M
on the planet _ > F = r 2 S
muv?
Centripetal force —_—D F = —_
r
= — | GmM | =| mv? GM
— e
r? r r
2mr . _ 477213
replace v with T 4 G_M _ (@) Express T? as formula title T2 = nr
r \T — GM
Compare with
From Kepler's Third Law so, k 472
— ., [\, | — k= o
T? « r3 T* = o)
T? = kr3
k = constant

GRAVITATION 2021 with Teacher Alina 17
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C. Problem solving using Kepler's Third Law ammm T ~——

r1 | Radius of the orbit planet 1

4
4
r» | Radius of the orbit planet 1 /.
/
T, | Period of planet 1 orbiting the sun | / \
7 \
. .. / \
Tz | Period of planet 1 orbiting the sun f \ ‘\‘
I \
.' Voo
. ! Voo
From Kepler's Third Law, - 1 |
ad- 1 i !
can be derived: i ! 1
1 I I
\ 1 1
\ ’ !
’ 7
l V4 /
/’ /
\ s d
2 3 Planet 1 ™\ ™ 2 s’
Tl Tl RN S g e
- — = \\\ S - ’,I
T 2 T 3 ~s\ ’l'
2 2 = ~~o —’,4’

For planet orbiting the sun,
o 1 is the distance between centre of the planet and centre of the sun

For satellite orbiting the earth, :
o r is the distance between centre of the earth and centre of the satellite

er=R+h

R = radius of the earth = 6 370 km

h = height of satellite from the earth

A PIONE+ radius of Orbit+ai

orbiting with a BLGGER oppir nas a BIGGER oeriod

GRAVITATION 2021 with Teacher Alina 18
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FORMATIVE PRACTICE 3.2

(PAGE: 102 TEXT BOOK)

n 2 Figure 3.32 shows the orbit of a planet around the Sun.
0 e Compare the linear speed of the planet at positions X, Y and Z.

lin€ar SPeed
inversely
Proror+iondi +o r

\\ » | rncrease
e Linear speed
R - decrease
AREA : LFX = XFY = YFZ
RADIUS (r) :L>X>Y

LINEAR SPEED :Y>X>Z

no 3 At what height should a satellite be if the satellite is required to orbit the Earth in a period
e of 24 hours?
[Orbital period of the Moon = 27.3 days, radius of orbit of the Moon = 3.83 x 108 m]

T =27.3X24 5 .
= 655.2 hours [y _n
T, 1)

(655.2)>  (3.83x10%)°

(24)2  (6.37x106 + h)3

h=3.6x10"m
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3.3 MAN-MADE SATELLITE

A. Derived linear speed formula of a satellite

M Mass of the earth

m Mass of the satellite

v Linear speed of the planet

Orbital radius

Gravitational force between a
satellite and the earth, F,

Impor+an+t
Centripetal force, F» —_— mv 2 nO‘I'CS

1. Escape velocity, v of an object does not
depend on the mass of an object,
but it depends on

v mass of the Earth, M

2 r v’ distance of object
Fi=F, — , GM from the center
ve o= T of the Earth

2. The Earth has large mass, the
escape velocity of an object from the

GM Earth must be at high value which is
v = - 11 200 ms™ or 40 300 km h™.
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B. Escape velocity

”
-~ Object moves until infinity

distance from the earth

' d

v; = initial

Barth
ESCOPE  Mihimum VEIoCi+Y

VEIOCi+Y:  reauired bY an obJeC+ on +h€ EAr+h's
surface +o overcone +he gravi+o+ional

fOI'CE and escare +o

ou+er seace

The escape velocity is achieved when the minimum kinetic energy supplied to

the object EXCEEdS the gravitational potential energy.

Gravi+a+ional Po+EN+HAl ENErgY = Minimum KinE+iC energy

Vescape R

> be aMazing
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Th€ bENEFi+S dNnd iMPliCA+ion Of ESCAPE VEIOCitY

Earth can maintain a layer of atmosphere around it.

wxospherg

{\ermosphe,,
ki N\eSOSPhere

/ %“a‘OSPZef’e—
os
s /',«09 p e X
\ Y

Commercial aircraft or fighter jet can fly high without
escaping into outer space

Rocket can be launched at escape velocity to send
spacecraft to outer space

The linear speed of air molecules is

500 ms™ which is lower than escape velocity
of the Earth that is 11 200 ms™.

Air cannot escape from the Earth into outer
space

Commercial aircrafts or fighter jets has linear
speed of 250 ms™ while fighter jets has linear
speed of up to 2 200 ms™.

As both their linear speed is lower than escape
velocity from the Earth, they can fly high
without escaping into outer space.

When a of rocket is supplied with large
quantities of fuel to produce high thrust, the
rocket can achieve escape velocity and enable
to send the spacecraft to outer space.

HOW DO PLANETS LOSE THEIR ATMOSPHERES?

The hO++EI" the atmosphere, the MOI'€ molecule can escape.
The SMAIET the object, the IOWEI the gravity.

So, ESCAPE VEIOCIHY is IOWET and it is hArdEr to retain an atmosphere

(esp.; Moon and Mercury)
The atmosphere loses to the outer space.

> be amazing
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Communicate on geostationary and non-geostationary satellites.
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FORMATIVE PRACTICE 3.3

(PAGE: 10 TEXT BOOK)

no 2.

no 3.

no 4.

What factors determine the linear speed of satellites orbiting the Earth?

MOSS of €Ar+h T

orbit+dl radius

State two factors which influence the value of escape velocity from a planet.

MOSSofPIONEY | vy, = [22M

R
radius of PldNE+

Discuss whether escape velocity from the Earth for spacecraft X of mass 1 500 kg is different from
spacecraft Y of mass 2 000 kg.

=

Both X and Y spacecraft require the
SAM€ VEIoCitY.
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no 5 Proba-1 satellite orbits the Earth at a height of 700 km. What is the linear speed of this satellite?
® [6=6.67x10""Nm2kg™?,
mass of the Earth = 5.97 x 10%* kg,
radius of the Earth = 6.37 x 106 m]

| oM
RIS

J 6.67 x 10-11 x 5.97 x 1024
V e

(6.37 x 10% 4+ 700 x 103)

v=749x10°ms"
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EXERCISES:

1. (a) Communications satellites orbit the Earth at a height of 36 000 km.
PL3 How far is this from the centre of the Earth?
Given: Radius of the Earth = 6.4 x 10 m

r=36000x 103+ 6.4 x 10°
=424x 10" m

PL3  (b) If such a satellite has a mass of 250 kg, what is the force of attraction on it from the
Earth?
Given: G=6.67 x 10" N m? kg
Mass of the Earth = 6.0 x 10** kg

o (6.67 x 10~11)(250)(6.0 x 10%%)
B (4.24 x 107)2

F=5565N
2. Two spherical objects have masses of 200 kg and 500 kg. Their centres are separated by a
PL3  distance of 25 m. Find the gravitational attraction between them.

Gravitational attraction = gravitational force

_(6.67 x 10711)(200)(500)
F= @5)?

F=1.0672x 10®N

GRAVITATION 2021 with Teacher Alina 26
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3. Diagram 1.1 shows an athlete spinning a 7 kg hammer in a sport.
Diagram 1.2 shows top view of the spinning.

Diagram 1.1 Diagram 1.2

(a) Based on Diagram 1.2,
PL1 (i) Name the force that make the hammer move in circle path.
Tick (V) the correct answer in the box provided.

Gravitational Centripetal \
force force

[1 mark]

PL1 (i) Mark on Diagram 1.2 the direction of force, F that stated in (a)(1).
[1 mark]

(b) If the hammer moves with constant velocity 25 ms™, calculate the force stated in (a)(i)
PL3 that acts on the hammer.

mv
F =
r
7(25)?
. _7(5)
2
=21875.5N
[2 marks]
(c) How does the movement of the hammer when the athlete release the string?
PL2 Move in straight line in direction of the tangent at point released
[1 mark]

TOTAL 5 marks
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4. Diagram 2 shows an object A on the surface of the earth and object B at height h from the
earth. R is the radius of earth, r is the distance of the object from the centre of the earth and

PL4 M is the mass of the earth.

Object A .

r=R+h

bl

o*
o
.

.
.
.*
.
.
et
-----

Diagram 2

(a) Based on the information above, derive the gravitational acceleration in terms of G, M,

R and h for:
(i) Object A
r=R

GM
9=%
[1 mark]

(i1)) Object B
r=R+h
. GM
I=@R + ne

[2 marks]

(b) Given the mass of the earth 5.97 x 10%* kg, radius of earth is 6.37 x 10° m, universal
gravitational constant is 6.67 x 107! N m? kg™.

Calculate:
(1) the value of gravitational acceleration of object A

GM
9=

_ 6.6x 10711 (5.97 x 1024
g= (637 x 106)?2

g=9.81 Nkg'!
[2 marks]
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(i) the gravitational acceleration of object B at 345 km height from the surface of the
earth.

_ GM
=R + 02

_ 6.6x 10711 (5.97 x 102%)
~ (6.37 x 105 + 345 x 103)2

g

g=8.83 Nkg'!
[2 marks]

TOTAL 7 marks

Diagram 3 shows a satellite with mass 102 kg orbiting the earth at 3500 km height from the
surface of the earth. Gravitational acceleration at the surface of the earth is 9.81 m s and the
radius of the earth is 6370 km.

wnu

------------------
""""

Bl .

7. Satellite

Diagram 3

(a) What is centripetal force?
PL1 A force that makes body to follow a circular path with direction always towards the
center of curvature.

[1 mark]
(b) What is the orbital radius of the satellite?
PL2 r=3500+6370
=9 870 km
[1 mark]

GRAVITATION 2021 with Teacher Alina 29




(c)
PL3

(d)
PL2

What is the gravitational acceleration at the position of the satellite?

e At the surface of earth

gb=9.81 m s
___om
gb B (6 370 x 103)2 ................. (1)

e At the surface of satellite

___ M
gs B (9 870 x 103)2 ................. (2)

(1)=(@©)
gs(9 870 x 10%)? = g, (6 370 x 10%)?

_9.81(6370x 103)2
S (9 870 x 103)2

=4.086 m s

What will happen to the gravitational acceleration if the height decrease?

Give a reason.
Increases
Radius of the orbit decreases

TOTAL

> be aMazing
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6. Venus and Mars are planets in our Solar System. The acceleration due gravity and the escape

velocity in both planets are different.
Given G = 6.67 x 10! N m? kg-2
Table 1 shows the mass and radius of both planets.

Planet | Mass, m (kg) | Radius, r (m)
Venus 4.87 x 10* 6.05 x 10°
Mars 6.42 x 10% 3.40x 10°
Table 1
(a) Calculate:
PL3 (i)  Acceleration due to gravity at Venus and Mars
GM
9=77
) _ (6.67x10711) (4.87 x10%%) 2
Venus: g = (6.05 % 106)2 8.87ms
) _ (6.67x10711) (6.42x10%3) 2
Mars: g = (3.40 % 10072 370 m's
[4 marks]
PL3  (ii)) Escape velocity at Venus and Mars
26M
Vescape = "R
2(6.67 x 10711 (4.87 x 1024
Escape velocity at Venus = \/ (667~ ) (487x107) _ 1.04x 10*m ™!
6.05 x 106
2(6.67 x 10711) (6.42 x 1023
Escape velocity at Mars = \/ (667x ) (6422 107) _ 5.02x 10°m s
3.40 x 10°
[4 marks]
(b)  Compare the value of acceleration due to gravity and escape velocity for both planets
PL2  The value of acceleration due to gravity and escape velocity at Mars < at Venus
[1 mark]
(c) Explain your answer in 6(b)
PL2  Mars have smaller mass
[1 mark]
TOTAL 10 marks

> be amazing
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7. A satellite is orbiting the earth at height 250 km from the surface of the earth. the mass of the
satellite is 100 kg and the radius of the earth is 6.4 x 103 km.

(a)
PLI

(b)
PL2

(c)
PL3

(d)
PL3

What is the radius of the satellite?
r=250+6400=6 650 km

[1 mark]

What is the gravity of the satellite if the gravity at the surface of the earth is 10 N kg''?
Give a reason.
Decrease

1
g X — on the surface of the earth
r

[2 marks]

What is the force acting on the satellite while orbiting the earth in a certain orbit and what
is the value?

Centripetal force = Weight of the satellite
=mg=100x 10=1 000 N

[2 marks]
What is the linear speed of the satellite?
Centripetal force = Weight of the satellite
mv?
R M9
v = JgR=./10 (6 650) =257.88 m 5!
[2 marks]
TOTAL 7 marks

> be amazing
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8.
PL4

State the difference between Geostationary and Non-geostationary satellites.

Satellite Geostationary

Satellite Non-geostationary

A satellite that moves around the earth at
certain height (Geostationary Earth Orbit)

A satellite that moves around the earth at
changing orbit height

Orbit period = 24 hours
same with earth

Orbit period can be more than or less 24 hours

Direction of rotation = Direction of rotation of
the earth

Direction of rotation # Direction of rotation
of the earth

Always seen to be stationary by an observer at
the surface of the earth

Always seen to be changing position by an
observer at the surface of the earth

Its orbit always above the Earth Equator

Its orbit must not always above the Earth
Equator

It is used to communication throughout the
whole world

It is used to get the information for weather
broadcasting, GPS and imaging the earth
surface

> be aMazing

[10 marks]
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9.  You are an engineer whom is assigned to determine which satellite that can be used as GOES
PL5 'Geostationary Environment Satellite'. By using your knowledge on the characteristic of
Geostationary satellite, choose the most suitable satellite to be used as GOES. Give justification

for your choice.

Satellite | Direction of satellite rotation | Orbit period Position of the satellite
In the opposite direction of the o
A Farth orbit 24 hours Orbiting from pole to pole
B In the direction of the 24 hours Orbiting above the
Earth orbit Equator
In the opposite direction of the .
C Farth orbit 12 hours Orbiting from pole to pole
In the direction of the Orbiting above the
D Earth orbit 12 hours Equator
Characteristic Reason
In the direction of | Satellite will always at the same position as observer by an observer
the Earth orbit on the surface of the earth

Orbit period = more | same with the period of the earth rotation
Orbiting above the | The position allows the satellite to observe weather and other

Equator phenomenon that vary on short time scale
In the direction of the Earth orbit
Choose B Orbit period = 24 hours

Orbiting above the Equator

[8 marks]
PL2  State one other use of Geostationary satellite. Give one example of the satellite stated.
Used in telecommunication.
MEASAT
[2 marks]

TOTAL 10 marks
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Gravitational force, F = _Gm12m2

r

Gravitational acceleration, g =

2
Centripetal force, ="
r

2
Centripetal acceleration, 4 = Y
r

A @g ¢ ggf»)
CwR S ~(\¢\ « Ly
SKILL: CALCULATION

1 Diagram 1 shows Ali stands 4.5 m away from his cat. The mass of Ali and the mass of the cat is 52 kg and 4.0 kg respectively.
Calculate the attraction force between Ali and his cat.

Diagram 1
Calculate the gravitational force between Ali and his cat.

my =52 kg po M
m2=4kg | r J1
( —45m 26.67x10*“x52x4
G =6.67x10" N m?kg? (4.5
=6.85x10"°NJ
2 with unit

[2 marks]

2 Asatellite of mass 650 kg orbit about the Earth at an altitude of 350 km above Earth'. Calculate the force of attraction
between the satellite and the Earth.

[G=6.67x10"" N m?kg?, radius of the Earth, R =6400 km , mass of the Earth, M = 5.97 x10% kg]

Gm;m
my = 650 kg F=%
m, = 5.97 x 10% kg . "
¢ =(6400+350)x10°m | _ 6.67x107"'x650x5.97x10 J
G =6.67x10""Nm?kg? [(6400+350)x103]2 1
=5.68x10°N

\IZ with unit

[2 marks]
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3 Acoinof mass 0.0025 kg placed 0.3 m from the center of a rotating, horizontal turntable with speed 0.5m s

Calculate
Vi

(a) the centripetal force needed to keep it moving in the circle
m = 0.0025k 2 2
V=05m§9 | pomv? _0.0025%(0.5)° o os
' 03 2 with unit
r =03m

[2 marks]
(b) the centripetal acceleration.
Vi
2
a=V— (05) —083msJ
' 2 with unit
[2 marks]
4  The frictional force between the wheels and the surface of the road is 6 480 N, when the car moves in
a roundabout of radius 50 m. The mass of the car is 1000 kg. Calculate the linear speed of the car.
m = 1000 kg - XSO‘J
F=6480N | 000 J
r =50m 2 with unit
[2 marks]

5  Abucket is tied to a string and spun in a horizontal circle with speed 20 m s produced a tension 450 N in the string.
Calculate the tension in the string when the speed of bucketis 30 ms™.

F, =450 N 5 _B
vi =20ms’ | Vit vy’
v, =30ms’
ﬂ_F_z\h

202 30°?

F2=10125N

\IZ with unit

[2 marks]
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6  Diagram 2 shows a wall clock. The length of the minute hand is 0.2 m and has mass of 0.15 kg.

Diagram 2

Calculate,
(a) The linear speed of the minute hand of the clock.

Formuia of Lin€ar Speeéd, v

Derive from formula of

Speed = Distance
Time
Distance = Distance travelled by a planet to make

one complete orbit around the Earth
= Perimeter of orbit = 27tr 1

Time (T) = Period of revolution of the Moon o 2mr 2m(0.2) _ ooy
around the Earth T 60 J
Linear speed, v = 2z 2 with unit
T

#Refer Figure 3.20 in Text book

[2 marks]
(b) The centripetal force and centripetal acceleration experinces by the minute hand of the clock.
Vi
2 2
pomve (0.15)(()02.021) — 0.00033 N . .
! ' 2 with unit
2 2
_ Y2 00207 0022 ms? _ .
3 with unit
[3 marks]
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; "..k‘ ; M = Mass of the Sun
| r&’ L r = radius of orbit of Mars
: / , .
i M ,’ v = linear speed of Mars
Diagram 1

(a) For planet Mars, write the formula for:
(i) gravitational force in terms of m, Mand r

GMm
F = 5
r
(ii) centripetal force in terms of m, vand r
muv?
F =
r
(iii) linear speed in terms of rand T
2Tr
V=—
T

(b) Derive an expression for the mass of the Sun in terms of rand T by using the three formulae in (a).

tmM
Newton’s Universal Law of .
‘ Gravitation > F - _)@

r2
v mv?
Centripetal force formula I% =
2
7 2 7 = P
r r T
2mr GM _ r2mr\? 4m2r3
replace v with T 4 - = (T) _ = W
Where ;

r = Radius of the orbit of any planet or satellite
T = Period of revolution

> be amazing

m = Mass of the Mars
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(c) Radius of orbit of Mars is r = 2.28 x 10" m and its orbital period is T = 687 days.
Calculate the mass of the Sun.

1 day = 24 hours
1 hour= 36005
=~ T= 687 days = (687 x 24 x 3600)s

B 4m? (2.28 x 1011)3
(6.67 x 10~11)(687 x 24 x 3600)2

M=1.99x 10 kg

2. A satellite orbits the Earth with radius, r and orbital period, T.
(a) Write down the linear speed of the satellite in terms of rand T.

27T

V= Gravitational force between 3 F, = Gm M
T satellite and the earth, F, 1 T2
(b) Use other suitable formulae to establish the 5
formula for linear speed of the satellite in Centripetal force, F2 — F = mv
terms of rand M. M is the mass of the Earth. z r
|- GmM  myv?
r? T
_ _ Fi=F, — GM
(c) Why does the linear speed of a satellite 2 = —
orbiting the Earth not depend on the mass of r
the satellite?
GM
o Satellites fall freely around the Earth with a central v = T
2
acceleration = acceleration of gravity = 4 = Y
r

e acceleration of gravity does not depend on the
mass of the object
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