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Newton's law of gravitation:
Magnitude of attractive ===+ . GH!IHIZ
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Newton's law of gravitation:
Magnitude of attractive
cravitational force between

any two particles
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Any two particles attract
cach other through
oravitational forces.

—

l.*:
"I'




Any two particles attract
each other through
oravitational forces.

Even it the particles
have very different masses,
the gravitational forces they exert
on each other are equal in magnitude:
Fg (lon2) F

(2on 1)
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(a) The gravitational
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(a) The gravitational
force between two

spherically symmetric
masses m, and m, ...
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F,
.

FE
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m,

(b) ... is the same as if
we concentrated all the
mass of each sphere at
the sphere’s center.
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Jupiter’s mass 1s very large (1.90 X 10" kg),
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Jupiter’s mass 1s very large (1.90 X 10°" kg), so

the mutual gravitational attraction of its parts has
pulled 1t into a nearly spherical shape.

100,000 km
P
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Jupiter’s mass 1s very large (1.90 X 10°" kg), so
the mutual gravitational attraction of its parts has
pulled 1t into a nearly spherical shape.

100,000 km
P

Amalthea, one of Jupiter’s small moons, has a
. . 4 gL Q
relatively tiny mass (7.17 X 10’ kg,
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. . . _ Y7
Jupiter’s mass 1s very large (1.90 X 10°" kg), so
the mutual gravitational attraction of its parts has
pulled 1t into a nearly spherical shape.

100,000 km
P

Amalthea, one of Jupiter’s small moons, has a
relatively tiny mass (7.17 X 103 kg, only about
3.8 X 10~ the mass of Jupiter) and weak mutual
gravitation,
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. . . _ Y7
Jupiter’s mass 1s very large (1.90 X 10°" kg), so
the mutual gravitational attraction of its parts has
pulled 1t into a nearly spherical shape.

100,000 km
P

Amalthea, one of Jupiter’s small moons, has a
. . Y i :\.\;
relatively tiny mass (7.17 X 10’ kg, only about
) ; ;
3.8 X 1077 the mass of Jupiter) and weak mutual

lb? ASU gravitation, so it has an irregular shape.
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(1) Gravitation pulls the small masses toward the large

MAsses, causing the vertica quanz fiber to tw
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I'he small balls reach a new equilibrium position

when the elastic torque exerted by the tv

quartz hiber balances the torque due to the

gravitational forces on the small masses
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The principle of the Cavendish balance, used for determining the value of G. The angle of deflection has been

exaggerated here for clarity.
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C_') 2 | The mirror rotates as the fiber twists,
s which deflects the reflected laser beam
.,_'I__: Gravitation pulls the small masses toward the large I The deflection eives a value for G
Masses, causing the vertical quanz fiber to twist . _' 1 Mirror ' :
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The principle of the Cavendish balance, used for determining the value of G. The angle of deflection has been

exaggerated here for clarity.
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force Fj on each sphere due to the other.
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force Fj on each sphere due to the other.

M, = H‘lD'?'k7

\!/Asu

42




The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force Fj on each sphere due to the other.

Mi= IX(0%key , M = Sd07 kg
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force Fj, on each sphere due to the other.

M= X0k , Ma= 5407 Ky, Q= SHO
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force F, on each sphere due to the other.

M= X0k , Ma= 5407 Kg , Q= SHIO
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force F, on each sphere due to the other.

M= X0k , Ma= 5407 Kg , Q= SHIO

_ Grmma
= S5
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force F, on each sphere due to the other.

Mi= X(07Ckey , M= 5407 Ky , A= SHIOm
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force F, on each sphere due to the other.

Mi= X(07Ckey , M= 5407 Ky , A= SHIOm
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The mass my of one of the small spheres of a Cavendish balance is 0.0100 kg, the mass ms of

the nearest large sphere is 0.500 kg, and the center-to-center distance between them is

0.0500 m. Find the gravitational force F, on each sphere due to the other.

Mi= X(07Ckey , M= 5407 Ky , A= SHIOm
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F =M, A,

%2
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F::/W-;,“?_ #’ For = M

%2

\!/Asu
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F::/W-;,“?_ #’ For = M

%2

4’ Frez =R = '-53*/0_“’/U
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Suppose the two spheres in Example 13.118 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F::/W-;,“?_ #’ For = M

%2

4’ Frez =R = '-53*/0_“’/U
40 AL = 'F;'V‘l-
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F::/W-;,“?_ #’ For = M

%2

4’ Frez =R = '-53*/0_“’/U

O
AL = "'Tvz = (330 A
i‘ 40 M, SHio K9
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

F::/W-;,“?_ #’ For = M

%2

4’ Froe =R = 1.532(4/0—“’/{/
'i 40 A = 'rl-vz — l-?S*IO-N/U

E—

Mz S-* /D_'K?
= A2 = 0-266*10'6’?—:_
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

e § Fo=

4’ Frez =R = '-53*/0_“’/U

Y RC)
Aa = Fion — 3300 M
'i J0 M, SHio K9

2 Aoz 0266K16 % = 72.66% 107" 4
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

e § Fo=

4’ Frez =R = '-53*/0_“’/U

-]
. AL = "'Tvz = (330 A
| 40 M, S"»\!/o"}(?
=2 A= D26EK 107G = 2.66%107"° D4a

| * A —':'Fz-ol
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

e § Fo=

4’ Frez =R = '-53*/0_“’/U

T
| 0 - A
2 ez 02660 = 2.66%10°'° 2%

.
# A =F2-ol = 1334107 W_
n ) k10" Ky
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Suppose the two spheres in Example 13,10 are placed with their centers 0.0500 m apart at a

point in space far removed from all other objects. What is the magnitude of the acceleration

of each, relative to an inertial system?

# A =F2-ol = 1334107 W_
n ) k10" Ky

=2 ou= | ’33*(0‘6“"

\ynsu




Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

the two large ones.

1.00 x 107 kg

L _.-"I

0

g

T 8.00 X 10°%kg

=
i

-!-'/ /

2.0(

b

—

\yﬂsu <—2.00 X 10'? m—>|

-
) X 1012 m
|
X
8.00 x 10 kg




Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

the two large ones.

1.00 x 107" kg

ﬁf' e
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

the two large ones.

1.00 x 107" kg

ﬁf' e
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

the two large ones.

%

1.00 x 107" kg '

iy A
,B .-ff“""/

2.00 % 102 m

=

b
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\yﬂsu <—2.00 X 10'? m—>|
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the
vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

th_ehtw o la_ge ones.

fa = Fovat va

2.00 X 1012 m

/E % 8.00 % 100 kg
"
X’TH
I
I
I
|
|
|
|

" ) a
1.00 x 107" kg - |< »
i A==
o _— X
5 30 1.
) .00 % 10 ke
7 ASU <—2.00 X 10> m—>] 10" kg




Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the
vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

th_ehtw o la_ge ones.

EA FG-VA+ F‘VA
fova = MBMA ¢ cos '{504-3 Sin VS)

2.00 X 102 m

/E 8.00 % 10" kg
A0 A

..-”f"

|

I

I

I

|

|

|

I

1.00 x 107" kg ,

% - t) Xy
X 01
\!/ASU < 2.00 X |+;:‘3m—>| B0 % 10T kg




Many stars belong to systems of two or more stars held together by their mutual gravitational
attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the
vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

th_ehtw o la_ge ones.

EA FG-VA+ F‘VA

'f’-:ts-yn G’%’-‘E—A (,COS'{S'D-PjS NVS)

FC-VA =[G McMA |\

& /¢

8.00 X 107 kg
e o

2.00 ¥ 102 m

.. il

L. S

7%) % 10% ke
\!/ASIJ <200 % |{:1—m—>-| 0 X 10" ke

1.00 x 107" kg




Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the t:::tal gravitational force exerted on the small star by
th_e)twnla_ge ones. &AU pee=s &AC + &CB

EA FG-VA+ F‘VA
fova = MBMA ¢ cos '{504-3 Sin VS)

F-C-VA — GMCMA)
7%

2.00 X 102 m

8.00 X 107 kg
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|

|

|
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the t:::tal gravitational force exerted on the small star by

th_ehtwnla_gfcnes &AU: &AC +&CB #.
L= Fyat Fon &% < foe= 107

f?ts-m MBM" cCos‘{S"’+js NVS)

F-C-VA — GMCMA)
7%

/E £ 8.00 X 10™ kg
o2
#

2.00 X 10'2
|

=
A

7%) -.‘-u e
\!/ASU <—2.00 X |+;:‘3m—>| R 107 ks

b
M,
- L™
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N

1.00 x 107" kg 3
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the t:::tal gravitational force exerted on the small star by

th_ehtwnla_ge:::nes &AU: &AC +&CB #.
b= ket fon A< die=ynite §

Fovan SCHER 2 cos 5% § sin 459 cos (5" =7

F-C-VA — GMCMA)
7%

/E £ 8.00 X 10™ kg
#

2.00 X 10'2
|

A"
™y
- i
Bl = = = = == = = =
L

P

1.00 x 107" kg Fy
- 0,2

X

il '.
} 30 1o
Vasu A 200 x 102m—s] BO.X 107k
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the t:::tal gravitational force exerted on the small star by

e &AB &A-Z '('th‘:zEs 4‘
E=hopatlva Qi = Qie=ys109a §

{'—-:B.,A —{ M“M“ (,CoS'{go-l-j s:nlY5°) cos {5°= 71175-
F-C-VA —(GMCMA — Mep M, A
L Now FB-:A _@' E -:.A (J—V‘z—){t"’

2 8ac
pote - Ma= 1410°kg § my=p, = 3510k

th_ehtw o la_ge ones.

)
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the t:::ta gravitational force exerted on the small star by

e fwo large e &AB &A-Z '('th‘:zEs 4‘
E=hopatlva Qi = Qie=ys109a §

{'—-:B.,A —{ M“M“ (,CoS'{go-l-j s:nlY5°) cos {5°= 71175-
F_C-yA —(GMCMA — Mep M, A
L Now FB-:A _@' E -:.A (J—V‘z—){t"’

2 8ac
pote - Ma= 1410°kg § my=p, = 3510k

| 90 (Fak= G ) + 1)

QAL

the two large ones.
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Many stars belong to systems of two or more stars held together by their mutual gravitational

attraction. Figure 13.58 shows a three-star system at an instant when the stars are at the

vertices of a 45" right triangle. Find the total gravitational force exerted on the small star by

A
th_e)tw::r IEEEE- ones. &AU = &A-Z + &:& #.
G-VA+ F'VA &Ac - &C& L{*IO M i

'FB-yA '{G’MBMAXL Cos'{go-l-j 5 NVS) Cos¥S =~’l£7—i

ti-rA —(G'McMA L MNow FB-M @_Maﬂ/h (ﬁ)kﬁ

2 Qac
pote © Ma= %10y § my=pm, = 410 ky

| 90 (Fah=02£%+) &

QAL

Fady = Egqaee) s
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Weight of an object
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-

at the earth’s surface ...
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Weight of an object «==+-.., Gmgm

at the earth’s surface ... o R 2
. equals gravitational force -

the earth exerts on object.
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Gravitational constant «-.,

o
Weight of an object =+=... : Gmgm
at the earth’s surface ... W = ﬂFg - R 2

E

. equals gravitational force -+

the earth exerts on object.
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Gravitational constant --., L+ Mass of the earth

¥
Weight of an object »=+==**+-.., - GH?EH'I
at the earth’s surface ... W = ‘Fg - R )
. E

. equals gravitational force -+

the earth exerts on object.
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Gravitational constant --., L+ Mass of the earth

¥ ¥
Weight of an object - - GIHEH'I dooes, . =
at the earth’s surface ... W= r, = g, Mass of object
" alls Rg

. equals gravitational force -+

the earth exerts on object.

\!/Asu

92




Gravitational constant --., L+ Mass of the earth

¥ ¥
Weight of an object - o GH?EH'I doooe, .
at the earth’s surface ... W= Iy, = 7, Mass of object
e RE €,

. equals gravitational force -+ ‘Rl oF e carth
the earth exerts on object.
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Gravitational constant --., L+ Mass of the earth

w_ 3
Gmgm <.,

Weight of an object === -
at the earth’s surface ... w = ol
. equals gravitational force -~
the earth exerts on object.
g
o
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Radius of the earth
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Gravitational constant =-.,

o bn;ﬁf'ﬂ i Y

Weight of an object «=++++++-.., .

: : e
at the earth’s surface ... " F,
. equals gravitational force -~

the earth exerts on object.

Acceleration due to gravity - o
at the earth’s surface .
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Mass of the earth
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Gravitational constant --., L+ Mass of the earth

y_
Weight of an object ==+==**+-.., ’ Gm g«
at the earth’s surface ... W = Fg o 2
e RE €.,

. equals gravitational force -~
the earth exerts on object.

Gravitational constant ««-.,

Acceleration due to gravity - 4, — GmE
at the earth’s surface 8 REZ
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Mass of object

Radius of the earth




Gravitational constant =-.,

Weight of an object ==»==*+-..,
at the earth’s surface ..
. equals gravitational force
the earth exerts on object.

Gravitational constant ««-.,

Acceleration due to gravity - A
at the earth’s surface 5
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Gmgm <.,

L Mass of the earth

> Mass of object
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Radius of the earth

. Mass of the earth
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Gravitational constant =-.,

o

Weight of an object «++==*+-. o

b

w

at the earth’s surface .. 2

-

. equals gravitational force -+
the earth exerts on object.

Gravitational constant «--.,

Acceleration due to gravity - 4

7
at the earth's surface 8

C
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L+ Mass of the earth
=
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R...

5 Mass of object
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Radius of the earth

Mass of the earth
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In an airliner at high altitude, you are farther from the center of the earth than when on the ground and hence
weigh slightly less. Can you show that at an altitude of 10 km above the surface, you weigh 0.3% less than you
do on the ground?
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Earth, mass myg

= 637 X 10°m

Astronaut, mass m

-

astronaut’s weight = Gmgm/r*
"""""""""""" r = astronaut’s distance from the center of the earth
= astronaut’s distance from the surface of the earth

r(X 10°m)

| | | 1 | L r — Rg (X 10°m)
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass my; = 6.42 x 10** kg (see Appendix FIO). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass my; = 6.42 x 10* kg (see Appendix FIO). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

N\L% ::3‘/30/\)
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass my = 6.42 x 10** kg (see Appendix FIO). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

N\L% :3‘/30/\)/ Rpn =3:37% (D%
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10* kg (see Appendix FIO). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Mgy = 320N, Ruw =3:39% 0% , M= 69240 &
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius
Ry = 3.39 x 10° m and mass my = 6.42 x 10* kg (see Appendix FIO). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Mgy = 320N, Row =3:37% 0% , M= 6424 &
£ = G-MmM,

-

9° " R:
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

% 3‘/30,\) an 3. 3‘7*/0 M, =6 ‘IZ~H0 3
E = GMum, _ 6 é:?-*/ollxé VZHo"’) 3‘/3@)

2 Rm 2292 %10'"
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Mgy = =3430N , R =3%37% (0% , M, = 692410

-1 2 430
£ =G _ (om0 Ne ey )EE3)
9 R 2392 %10

| > Fy = (3071 o TN
s
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Moy =3430N , Rpn =337% (0%, My =6, -
E = GMum, _ 6 é:?-*/ollxé VZHo"’) 3‘/3@)

9 R~ 2392 410"
| > Fy= (30716 TN = 130YN

|
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Moy =3430N , Rpn =337% (0%, My =6, -
E = GMum, _ 6 é:?-*/ollxé VZHo"’) 3‘/3@)

9 Ra 2292 410"
: > Fp = (307%16" TN = 1304 N =340 0
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Mgy = =2Y3ON , Rp =3:37% (0% , Myy= 692410 k

£ = GMaM. ___Lé:?_*/DIIXg Yoy ) (ELe 3‘/3@)

> Fy= (30Y%10" TN = 130YN =(.3%0 1

s
_ Fy 200
| %"" - W' (3430/01 =
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Moy =3430N , Rpn =337% (0%, My =6, -
E = GMum, _ 6 é:?-*/ollxé VZHo"’) 3‘/3@)

9 Rm 2292 410"
> Fy= (304415 T N = 130Y N =1.3%0 0

- _E”‘." = (3009 m _ [1'300%%.%
%"" m 3430/9.3) 5> ~ 2 Y30 j\j}f/z-
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A robotic lander with an earth weight of 3430 N is sent to Mars, which has radius

Ry = 3.39 x 10° m and mass myy = 6.42 x 10%* ke (see Appendix FID). Find the weight F,

of the lander on the Martian surface and the acceleration there due to gravity, gy.

Mgy = =2Y3ON , Rp =3:37% (0% , Myy= 692410 k

£ = GMaM. ___Lé:?_*/DIIXg Yoy ) (ELe 3‘/3@)

> Fy= (30Y%10" TN = 130YN =(.3%0 1

- _E”‘." = (3009 m _ [1'300%%.%
%"" m 3430/9.3) 5> ~ 2 Y30 j\j}f/z-
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