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4 Kepler |

5 Reduced mass

6 gravitational charge

7 velocity of approach

8§ advance of the perihelion
9 rms velocity

10. physical situ’ation

il. gravitational field

12 gravitational field strength
13 iine of force

" gravitational potential

15 equipotential surface

6. prirciple of equivalence

17 harmonic |
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15-1 REAFHRE@OAR OAB > ZEHRE o BRIE— HH

%o
(%] @Me=5.98x10°% kg.
“F=p M::nm

Mn = 7,34 X 10*kg

=6.670x 10" x

5.98 X 102X 7.34 X 10*
(3.84x10%)

=19.8x 10" N=1.98x10% N

1.99%x 10 xX5.98x10*

W F=6.670X

. =3.57X10" N

(1.49X10")°*

» 10—!1



19.8X10"
Ratio = ;g 7xio" =0.544 X 10~* =5.44 X 10~*
' 21
or, ratio = ?g;: ig" =1.80x10*

15-2 BEREHSFHRTFZENES] o WRTFHE 0. 74
‘ 107" mo |
[®] m, =1.67%10-* kg

mp . mn
F=§—— =

r!

_6.670X10" X (1.67 X 1.67) X 10~
(0.74x10-) ¢

= 3.46x10~%

15-3 RAREFEFP RFRETFEBHIRS| » BEBTLLES
0.53%X 10~ " miBLiE » MRFETo
[®) m,=9.11%X10"* kg
m, =1.67X10"* kg
r =0.53%X10""m
J =6.670x10""*

Me - Mp
£

F=29

r

9.11 XI"67XIO-.‘X;,10-" |
(0.53) t X 10‘“ :

F=6.670X10 "X
=3.612%x10"*' N

15-4 RBER 10 kg ORBIR » WULIEN o RRAEHRSI >
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KRR RMARFE? (BT Rz EEDIIRE2:2
tho )
‘[]' from table 2-2, page 23,
density of iron p=7.86 gm/cm?
p=7.8x10"* X 10 kg/m*
=7.86%x10* kg /m?

4 :
Okg =—nr?
10kg = nr?p
C ~3X10 .1
- r_/4x)3,]4‘,x7.86x10‘ 15
10 X 10

(——)"

15

F=6.67X10""x

225 =3.751 xX10°'N

= 6.67X107" X10*

We would not * fell’’ the attraction because the
force is too small to be "felt”

15-5 REBmE—1  fREREE » BLI@A RNUWZ 3D
KNI 23D » RERNEZ3 HHRZ o B
RZGEW  FRHWE R BT AR ?

[®] rm = radius of moon's orbit
=3.84 X 10°m.
_ Mo
_(ﬂ)r'b'ymo’onz 0 " :Tl
. ' 22
- =6.67%X10""x /.34X19 o

(3.84x10°%)*

r. = radius of earth : 6.37X10°m,



- M.m

Fbyeum =0 >

e

5.98 X 10*m

=6, -1 %
6.67 10 X 3% 100"

Fhrmoon __- 5Mmm r-"
.Fby BAFth - l"m2 5Mem
_Te Mo
= ( !'m') NvE

(6:37X10¢ . 7.34x10*
‘3.84x10° 0 5,98x10%

= 2,7225 X 10~* x 1.227 X 10~

=3.31 X 10-°

F moCH '- |
or ———m= 2,96 X 10° i 1

Fby ebTth '
(b)Fhr T 5“—-.-{?‘- |

s

Fopear _ s Mam  rs? _ (18 )’ M,

' 'Fh.r atn - . I'm:‘ JM-m - re M.

_(l.49%x10" * 5.98x10*
6.37X10°  1.99x 10%

=1.65% 10 : 1

15-6 LIKE5.0ke 2B BASEEREZ B+ » £EHRST
T HE—-RBRS5.8X10°kg 2 KR+ REEMRZIE
TH» RERF& 5 —BFFANEREF BEg =
9.80ms™? o +AMKEHEBRESFF (G, Von jolly )



BLUEEBEr 2o

5x5.8X10°
L;. F..: . pod —.llx —_— o
(k] 6.67>10 5%5X 10-°

= 7.737X10-*N

7.737%X10"°
=17. X10-7
58 7.89x10"7 kg

Should be 5kg+ 7.89 X 10-7 kg.

15-7 —AE70Kgf » HEHRPLENE » @BBREETH» (b)

HRFHEETE » LAZHERET?
(] m is the mass of man

Mem

r2

F=24

Now r¢—2r

(@)if Me remain Constant

Msm JM.H.'l 1
F/ =4 = = -
(2r )¢ 4r* 4

man’s weight BEKZ 1/4
i.e 70 _x%; 17.5ket

(b) If the Aocerage D'ensity'hof earth remain
Constant

4
Me =— et .
. 3 " 4

M/, ="-4§E (2!')'(?=8M0



10

Man's Weight BEXZWfE
ie, 2 %X 70 =140 kgf

15-8 HAAMEREZ RHIEE » B XBZPLE 1105 RER
Z4E » XMW Z 330, 000 f& - MReE ~ KB A 2
Hdlttr'nﬂlo

[®) (i) for Sun |

re=110r., M«=  3X]10°M.

3.3%X 10*Mem
(110 re)?

_ 3.3x10° ><¢§M.m
T 1.21%10° T rot

=(27.2 g°)m
8+=27.2 ge = 26724 cm/s?
Standard Value gs = 27440 cm/ s!
(ii) for Venus

F=9

4.87%10
(6.08%10°)*

gr'=6.670%10-" X

‘l A= 87é cm/ st
. Standard Valuegr,= 882 cm/s?
| (f{i) for -gupiter
\ | 1.90% 10*
",' = . X -11
| @ =6.670> 107 X 5. 98 107)"
| = 2601 cm/s® |
Standard Va-lue = 2646 cm/ s8*




11
(iv) for moon :

7.34 X10%
(1.74%X10%)*

g = 6.670x10"" X

= 161.7 cm/s?
Standard Value go = 167 cm/s?

15-9 —AE110Kgf » HREARKABRAREEZ AR &
B o BEAZ BRI T |
[B) (i) Weight on. Sun =110 X 26724

=92,93 X 10*N
(ii) Welght on Moon =110 X 1.61
=177.1 N
177.1 '
—— . f
9.8 18.06 kg
2.93x10*
a = 109.6 kgf
(a) 267.24 109.6 kg
Same Mass
177.1
——- = kgf
()_ 1.61 110.

15-10 E£HXKBAXBRS » —/PMREB/BZER10.0 gm- Tk (BHX
Kit) REB0.50m o K2 MIREMWIS 7008 o WK
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| : I
() r=KQ, T=2r

K
Now, T=770 Sec



I=Zmr?=10x10"* x(0.25)2 +10X10~*X(0.25)?
- 6.25X 10-"—‘—6.25)(10“
= 12-5X 10_‘ kg—mz

4xf‘l _ 4%x(3.14)*x12,5x10"*
T* (770>°

= 8.473%X10"* kg —m?/ sec

Ma @
r=20—x—~, {=0.50m
| rt 2 | |

k =

_ OMu ; - 6-670X 10~ X 10 X 10x 10-*
rt ) (0. 1 )?

= 6.67 X 10-‘°Nt

by r = KQ, -~l—{—— 6.670 X 10'"’/8 473 %10-°

= (0.787 %X 10! radian

15-11 —AREAESHHCHEEN MEENE ] ? KA

(3R]

REER » EABERESE ?
from page 322. Examp 15.4

: abo‘ve‘ thp earth

. h_
G"-"s(l—g—-)

2h
0.99g = g(l——-ﬁ)

2h
® =00

= 0.005R = 0.005x%6.37X10°m
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s “he = 3.185% 10 km = 31.85 Rm

h
Under the earth : g’ =g ( 1.__}?)

0.99 = 1 —2 . =001

- 9—' —é‘: ) .- R“' .
h=0.01R=0.01x6.37%10° km
= 63.7km,

15-12 ~ ASBENFAETEMERT » SRERBESL > R
REBEHEE

(B] SHARSES: » RwARBRROG S5
oo Me L rwt o _8.64x10"
e .

M R. . Rs&
L}

]

R .*
w!

r=g¥ | JY* =4.22%X10'm
YHEMEhR h=4.22X10" —6.37x10°
=3.583x 10" m
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Ve mM

¥

1.7 1= e
[](a)n*(ﬁh) (r+hye
6.670X107" X6X 10

S Ve .
- 6.67 X 10°¢ ’




4 |
' V=7.75%x10*ms™*

2zrr _6.28Xx6.67x10"°

o= 7.75x100 04107 eec
vt (7.75%10%)° _ .
©a =1 ="gerx1os = o-89ms
, 2h
(dby Examp 15-4, g =g (1 -= )
' - 2X3x10°* '___ s
8 = 9.8 (1-g==00s) = 8.878ms

a =g, the results are the same
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15.25F = —mgt /R
(bm Z MR R R - KB
B0 min RBZ o OLIKMBEY  AEENZNE &

AR FELIRMEEZTER

[R] @F =0 -1\-:—?-

—rrom
=4 = =Jd—=rr pm
""5-—4-11'R°’ ] rm
T 37 Rt °R.
M.
= 6—; -——=grm/Rs



