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Reference(s) in the Student Book ( English Version)

Question® Learning Outcome/Performance Criteria®*
(aujalaill aawil) wllall Ulis wid gasall
. . I Example/Exercise Page
Jigul ¢ hlllylzo /aleill 2L o )
o/ Jlio admnll
N \ N . N ; . Student Book P.(160 - 161)
1 Explain Kepler's Second Law which states that an imaginary line from the Sun to a planet sweeps out equal areas in equal time
intervals.
Qf1-7) P.162
N \ . . 9 R N Student Book P.(160 - 161)
2 Explain Kepler's Third Law which states that the square of the ratio of the periods of any two planets revolving about the Sun
is equal to the cube of the ratio of their average distances from the Sun and write it in equation form ([T ,/T)*=(r,/rg)). Q1-7) P62
3 Explore the gravitational force between objects and the parameters affecting that force, and explain the insignificance of such Student Book P.163
force between objects. Figure 5 P.163
P.163
a Define gravitational force as the force of attraction between two or more objects with given masses, with an explanation of TR =P
the law of universal gravitation as a form of Newton's second law, and writing it in the form of an equation (F,=(Gm, m,)/r?).
Figure 6; Q.9 P.163; P.167
Student Book P.160
5 Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one focus.
Get It: Describe, Figure 2 P.160
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. . . . Student Book P.(160 - 161)
Explain Kepler's Second Law which states that an imaginary line from the Sun to a planet sweeps out equal areas in equal time

intervals.

Q.i-7) P.162

Student Book P.(160 - 161
Explain Kepler's Third Law which states that the square of the ratio of the periods of any two planets revolving about the Sun { !

is equal to the cube of the ratio of their average distances from the Sun and write it in equation form ((T,/Ta)"={r./re)’).

Q.(1-7) P.162

Student Book
Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one focus.

Get It: Describe, Figure 2

Kepler's first law states that the paths of the planets

are ellipses, with the Sun at one focus. An ellipse

haS tWO fOCl. as shown in Figure 2. Although exaggerated ellipses are used in the

(Notto scale)
diagrams.
Eltipse

Fgure 2 The omit of 2ach planet s an ellipse, with the Sun at ane fncus.

o uedil) 1355y dsmlela) uSIsSI lylas of e SLST Jo¥) elal) san
o by 2 JSEIN (3 i s LS obogs o llad) S0 550 53]
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LO - 5:

Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one focus.

Figure 2
The orbit of each planet is an ellipse, with the Sun at one focus.

(Mot to scale)

Ellipse

Get It?

Describe the common feature that Kepler's first law found concerning the paths of orbiting objects around the
Sun.
The paths of the planets are ellipses with the Sun at one focus.

https://wa.me/message/PH6I7RBR27EJF1
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Kepler's second law states that an imaginary | R
line from the Sun to a planet sweeps out equal  eene
areas in equal time intervals, as illustrated in
Figure 3

3 4 (Not to scale}

Figure 3 Kepler found that eSiptcal orlvts sweaep oot eqeal areas in equal time

pariods.
Explain wiy the eque Iims oreas are snapad differently.
Jn.-..JI._,i‘_,J.g_,J..SJ,_,.'L.J'IuyL.JIU e VR Lt

ady laddl S0 sasly 5595 JLS) B ) 4B iy 3] Go) ga so9ad) Gl

auss daugios i SsSh gyendl crasll o dass duialyy 3Me ) CUAS LS Jags
R | B

S
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Kepler's third law states that the square of the ratio of the periods of any two planets
revolving about the Sun is equal to the cube of the ratio of their average distances
from the Sun.

GY inspire & ADV
W ,1..;| luH

il g

Ohsss eSeS (s Criad o dewed] pie ol Lle SLS) SIBI Gelall yad
olS 13) 138y et g Logaans loawgio o dead) aaSe ol Guod) Jo>
LS A g gl

O ) % g5l (o) s,su 290! a3lls (1) s,su PEPRU VST IR S| FOYON
et e () _.5,5.n 1 dawgies et e (1) SpSIl as dasopie

# -6

Kepler's Third Law The square of the ratio of the period of planet A to the period of
planet B 1s equal to the cube of the ratio of the distance between the centers of
planet A and the Sun to the distance between the centers of planet B and the Sun.

Ig B
o % https://wa.me/message/PH6I7RBR27EJF1 6
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EXAMPLE Problem 1

Galileo measured the orbital radii of Jupiter's moons using the diameter of Jupiter as a unit of measure. He
found that lo, the closest moon to Jupiter, has a period of 1.8 days and is 4.2 units from the center of Jupiter.
Callisto, the fourth moon from Jupiter, has a period of 16.7 days. Using the same units that Galileo used,

predict Callisto's distance from Jupiter.

e -~ 7 5 . [Gasi, EL;JJ-I&‘J! Ld‘ |_|1J|..L4 JUnJ| dLm' g.J.JL'v- u.ulJ J.uu” (e MIS J...lﬂ u\-‘l.l
e AN (_C) — (E) 18 ol gyitald a8 0oy sl eall gl ) of gl S g2l
’ Lo~ \ Ty " saill gag "galS’ al g9l sl oSy Ls;-m” S0 00 ling 42wy e lSy gy

\ , U"Jl &lisgll Mmb GMJ] ot geudlS _,..4J| 5 cws) g 16.7 L;gLuu (_-;4-4-%01-' EU'
| (ﬂ) a4 el s
1.8/ \4.2

7. = 18.54436362 units

~ 19 units
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7

g3l alliae 1933



physics DRAbdallah @ GY inspire & ADV
4 ¥l palil

Q 1. If Ganymede, one of Jupiter's moons, has a period of 32 days, how many units is its orbital radius? Use
the information given in Example Problem 1.

(TG)Z - (rG)S ‘,.Inj s ul.i.--g W3 Q.Lu FSJ cl.ag.'l 32 EgLuu L;J.u.u.aj‘ JLﬂJi .J.:-i [¥. T ..L-.a.ul_iJ ng..\JI ,_’.nJJI ulj 151 1

1 aJLﬂ.o dLua uﬂ a:_;l,J‘F uLagJ.'c.q.” ‘n-'l-"h-hud' "‘n_,'!.'b.n
T 51

1.8 4.2
e = 28.60888548 units

. = 29 units

Q 2. An asteroid revolves around the Sun with a mean orbital radius twice that of Earth's. Predict the period of
the asteroid in Earth years.

Ta\> ra\3
(_A) o (_A) J'ﬂ J!..La JJQJ e Jn...ug...q [T =Y ngl.m.t a‘,.lnﬁ [ TPk Ja.mg....a J!J.q U_‘I uﬂ.q.uaJ" J.'F" 1_.5455 Jgds . 2
TE TE d.....nJ'ﬂ ulg...mJL: ‘5_;5..\]] aia) I—n-sl-'l:hh

(m3) - ()
1.00/  \rg

(1%0)2 =@

E T, = 2.8 years
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Q 3. Venus has a period of revolution of 225 Earth days. Find the distance between the Sun and Venus as a
multiple of Earth's average distance from the Sun.

) ( ) Lu.«npS3 M|u‘¢ﬁﬂ|“hw J."hg' lL;;]Hy 225,&:,&)' 1_4535 UIJ,JJ &Jj.\J' u-ﬂJJ'f 3

2
3252525 =(T_V 1 M'uﬂuﬁﬂ!-‘-ﬂ-h-awu‘uf

225 \*
(365 25

— = 0.724
TE

-
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Q 4. Uranus requires 84 years to circle the Sun. Find Uranus's average distance from the Sun as a multiple of
Earth's average distance from the Sun.

Ty * rv\> . ,
(T_E) - (_) losn 959 -uu.a.-.'uﬂ e u-*-';ﬁl.!}" A) daiugie Jq-j* ~4_|-u-4-:¢J| JP 29 [%le 84 I.J-'-'Q:'I,.!si *—4595 ey et 4
Tusedd) gre )% ash dagie (e Wi

( 225 )2 B (rv)d
365.25)  \urg
ry 3 ( 225 )2
e+ \365.25

.
~ —0.724
e

v = 0.724 Te
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time required for Mars to orbit the Sun in Earth days.

v = 1.52 g

oneddl e )% 08 e 8,0 152 8T et e o) 0 ol ass o el 1 Jgaad! e 5

Table 1 Solar System Data

B

i )Y aL YL Guedd! Jo> el Glosad a3 G s

Average Distance from

) G9 inspire & ADV
a .1..;| Aalia

Q 5. From Table 1 you can find that, on average, Mars is 1.52 times as far from the Sun as Earth is. Predict the

Mame ‘ Average Radius (m) ‘ Mass (kg) the Sun (m)
Sun 6.96 % 10° 1.99 % 10°° -
Mercury 2.44 % 10° 3.30 % 10%2 5,79 % 1017
Venus 6.05 x 10° 4.87 x 10* 1.08 x 10"
Earth 6.38 % 10° 5.97 x 10° 1.50 % 10"
Mars 3.40 % 10° 6.42 x 107 2.28 x 10"
Jupiter 7.15 % 107 1.90 x 10%7 7.70 % 10"
Satumn 6.03 % 107 5.68 x 10 | 143 x 102
Uranus 2.56 % 107 8.68 » 107 2.87 x 10"
Neptune 248% 107 1.02 % 10%° _| 450 107
T\~ LS
(@) =)

( T )"3:_(1.52113)3
365.25)  \ g

T .
= (1.52)3
(355.25) ( )

Ty = 684.5 days

i}
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Q 6. The Moon has a period of 27.3 days and a mean distance of 3.9 x 10° km from its center to the center of *
Earth.

a. Use Kepler's laws to find the period of a satellite in orbit 6.70 x 10% km from the center of Earth.

b. How far above Earth's surface is this satellite?

3.9%10° KM 50 (2,%) 35,50 e anll asf Lawging ligy 27.3 5o jeall 555000 (o3)) 6
w2,¥ S50 e 6.70X10% kM ojlae say elio soa) (550 o)l Gl LS glsd pasiiul
%2, ) o e ‘:,.cL'...nJl o2l Ban @S

(TM 2 ma\® Distance of Satellite from Earth’s Surface:
7) =) .
> ; d = 6.70 x 10% km — Tgape

2 8 \3
(27.3) _(3:9x10 d =6.70 X 106 — 6.38 x 10°
Te 6.70 X 106

d=6.70x%x10°m — 6.38 x 10°
Ts = 0.0614720845 days

Ts = 89 minutes d = 320000 m

d = 320 km

https://wa.me/message/PH6I7RBR27EJF1

12

g3l alliae 1933



physics DRAbdallah @ ) G9 inspire & ADV
a .1..;| Aalia

Q 7. Using the data in the previous problem for the period and radius of revolution of the Moon, predict what
the mean distance from Earth's center would be for an artificial satellite that has a period of exactly 1.00 day.

cawasy yeall gyaall el dnlazdly amsliull 1[I 2 33)lsd) bldl pasa) A julon alue 7
NENg Lagy (gobuss (go9ad) waa) cidly Ui, W) 350 e pelue 4od sl dawgio culuusd ajlis Llad

(7) =)

(2?.3)2  (39x 108\
1.00/ Ts

s = 43015288.73 m

rs = 4.3 x 10* km

https://wa.me/message/PH6I7RBR27EJF1

g3l alliae 1933



physics DRAbdallah

! G9 inspire & ADV
a .1..;| Aalal

3 Explore the gravitational force between objects and the parameters affecting that force, and explain the insignificance of such Student Book P.163
force between objects. Figure 5 P.163
P.163
a Define gravitational force as the force of attraction between two or more objects with given masses, with an explanation of Student Book
the law of universal gravitation as a form of Newton's second law, and writing it in the form of an equation (F,=(Gm, mzjfrz).
Figure 6; Q.9 P.163; P.167
LO-3:
Explore the gravitational force between objects and the parameters affecting that force and explain the p .
insignificance of such force between objects. e_. @
Figure 5

Mass and distance affect the magnitude of the gravitational force between objects. @ @

> -9
- QD e o

@ @ (ks ol 1 G ZSlal 353 ol
Gravitation between objects depends on the product of the | The gravitational force between objects is
893 3 adlually alzS) g 5 Jsad)

gy 83! e po LuSe
. J/
masses of the objects. inversely proportional to the square of the pLaar 81 0y Al
distance between the objects.

https://wa.me/message/PH6I7RBR27EJF1
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Law of Universal Gravitation

»

4 ;l.ni! 7 il

GY inspire & ADV

The gravitational force is equal to the universal gravitational constant, times the mass of object 1, times the mass of
object 2, divided by the distance between the centers of the objects, squared.

Gm1m2
Fg - r—2
rL.JI i) yeald
paan! AliS B By,une Jo¥) paann) L3S 3 G iae plad) adad) culh galud dwdladl 353
NCIRRIEN PSSO Al pje e Logwze L.,:d.‘.J'

o Gm1m2

g 2
Newton’s Law of Universal Gravitation

In 1666, Isaac Newton began his studies of planetary motion. It has been said that seeing an apple fall made Newton wonder if the force
that caused the apple to fall might extend to the Moon, or even beyond. He found that the magnitude of the force (Fg) on a planet due to

the Sun varies inversely with the square of the distance (r) between the centers of the planet and the Sun. That is, Fg is proportional to

1
—- The force (Fg) acts in the direction of the line connecting the centers of the two objects, as shown in Figure 5.
72

The gravitational force between objects is inversely proportional to the

square of the distance between the objects.

Gravitation between objects depends on the product of the masses of the

objects.

https://wa.me/message/PH6I7RBR27EJF1 15
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CONNECTING MATH to Physics

Direct and Inverse Relationships Newton’s law of universal gravitation has both direct and inverse relationships.

A GY inspire & ADV
W )u;| bl

1
Fy cxmyny Fy x —
—
Change Result Change Result
(2m1 )my 2F; 2r %F g
1
(3!??1)!?12 SFg 3r aFg
1
2my) (3m>) 6F, > 4F,
1 1 1
(E)””l"‘z 2" 3] o
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LO - 4:

Define gravitational force as the force of attraction between two or more objects with given masses, with an
explanation of the law of universal gravitation as a form of Newton's second law, and write it in the form of an

equation:
Gmqym,
g= T 2
Figure 6 reeall @33l ol it 6 JSE!
This is a graphical representation of the inverse square relationship. U

80
Inverse Square Law
80 60
__ 60 3 40 \
z Z
8 40 o0 \
S |
* |
20
¢ 0.5
(m) asll)
0 0.5
Distance (m)
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Q 9. Predict the gravitational force between two 15-kg balls whose centers are 35 cm apart. What fraction is
this of the weight of one ball?

15 kG Ligia JS ALS 55,5 G sl 353 Lo a1 3,500
(s ] PR - P ] 3 - 2
g Gmims F, 1.2 x 1077 ) 030 A 22l et B Ly B35 Lo oo ﬂ:ﬂl
: r? Weight 15 x 9.8
: 6.67 x 10711 x 15 x 15 F, p
s = : = (0.82 x 10~
: (0.35)% Weight
Fy=12x10"" N B 082 oarts ner bill
= . drts per bliiion
Weight P P

le@_,d\ dlue g8 s Il 38 5 el JaSins
oaall
) ol g Jucal
https://wa.me/message/PH6I7TRBR27EJF1
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