P.249 (16 to 17)

16.  (u) (i} Let A be the radius of the earth, 7 be the distance between the sarth’s

surfuce and the space shuile, g be the gravitational field streneth at
the earth’s surface.

" The space shuttle is performing circular motion
: eravitational {orce = centripetal forcu

CMn e
(R +r} {R+r]
G_-’I:.J’K R‘x -
e (R+r)
T R: 1_!2
Ry
v = R I8
‘UR+;‘
[
= 6.4x10" | L

Voasin® + 2.4x10°
= TE34.00 &~

Remarks: The radius of the Earth shaold be taicen into account in
tha caleulation,

(ii)
Gravitational force acting on an astronaut
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{b) (1) Since the weight of the astronauts is complelely used as the
centripetal force towards the earth’s center, reaclion force acTeg o
the astronauts by the floor of the shulle must be zero, and theretore,
they appear to be ‘weightlass'.

(i} Whan 4 throws the wolbox o 8 and B grasps il, according to
Newtor’s 3" Luw, 4 experiences a faree in the dizection oppusite w
the maticn of the wolbox while B experiences a force in the same
direction us lhe moton of the toolbox. Hence, 4 and & aceclerate in
difterent {oppuositc) dircetions. As a reswlt, a head-on collizion can be
wvolded.
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(@) ¥4t Box g A4 Box I A B+ Bax
_— |- — || = —_—

1 ms™ —lms™ X u —lms™ x P
initially box throan but Grally
nol be grasped

Consider the above diagtam,

By conservation of {inear mementism,
(60 + 30y (1) = 60x + 30w = 3= 2xtu
u+60-1 = (60 +301y = 3v=u-12

I-—u -2
x = ard i
? 3
To avoid collision, wenesd xS v,
e S |
I—u < u-2
2 3
W x 26ms’!

. Minimum speed = 2.6 m 5™

(iv)Workdaone on the tootbox by 4
= change in kinetic energy (K.E.} of the oolbox
= K.E. just afier A throws the toalbox — K.I. before 4 lhrows it

| 7 1 2
= 5[30}(2.6} —-5(30][1)
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17. {a) (1) The following diagram shows a pamicle performing uniform ecircubar

motion with speed v on a horizontal surfoce,

A

direction
of circular
molion

where v, and v, represent e veloeily veclor of the particle when it is

at positiom 4 and 8 respectively. Beeause the veloeity veetor is alony the
cirgle, v, | 04 and v, L OFA.

The change in velocity Ay in a small time iterval Ad s riven by

Py — v, =V, +{ "’A}

The following wveetor diagram llustrates the direction of change of
yvelodity, Av .
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As the time A tends to zero, the angle AB ulso onds 1o zero. Hence,
the magnicude of the change of velocity A% = Ay = || a0, where [ is
the smagmitude of the uniform speed v .

The following diapram shows thal, as the time A¢ tends to zera,
v, LAY, Sinee ¥, _ 04, the direction of Av points towards the
center {2,

¥ig

1-';._ A
-J aa T lﬂ.ﬁ mae SRR 3%
v *

5 . Av s : : :
By a = ltmpﬁ—, the dirgction of the instantaneous acceleration at 4 is
a0 Ay

the same g5 that of the change of velocity, .2, points 1o the centar O of
the circular path.

; |y
Also, !-:.rl = dl\-imu%[ = lim ili— = | | hm — = |L|

Ar—ls AP ar—sir A

() Let # be the angle which the string makes with the vertical. and 7 be the
perind of'the uniform vircular motion:

: hortzantal
| H :
Peind | circular path
' -
Lsing ;
" &
@
where R is tle tension in the string and # s he welish( of the pendslym
bob.
Congider the forces acting on the pendulum bob along the verlical
dircetion:
Reost =¥
—mg
e
[Tence, R=
cosd Q

As the pendulum bob is performing horizontal uniform circular mation:
RsinG = mor(Laing)
R=mul

" = .
& M ( Iram O)
cosd?
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fcosd
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Hence, w= 5
LiosB
. . . . . T oy
Perind of the unitorm cireular motion= ¥ = = Ex\lﬂ
L3 . o

(iii) The fallowing diagram shows the force diagram of a boy sitting upright
on a bicycle and making a circular furn (the center of the circular path is
on the left):

direction of rotaticn

where N = nonnal reaction by the ooc
W = weight of the system {the buy and the bicycle)
£ = friction by the floor {for centripetal acveleration)
The line of foree of the weight acts through the center of mass of the
system, and both the friction and normal reaction acts on the point of the
contact between the bicyele and the loor.

The frictional force fcauses the bov to turn over {in a clockwise sensel,
and hence he cannol maintain upright when riding the bicyele round 4
herizantal circular track.

The foliowing diugrvm shows the force diagram of the boy lesning
inwards for a circular tum:

center of mass

direction of rofation

where N, W and £ stands for the same corresponding forecs mentioned
above. a and & arc the perpendicular distances benwgen the line of forces
of & and § from the center of mass of the system fthe boy and the
hicyela), )
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(b} (i}

The boy has to lean imward 5o 8 to satisfy the fullowing relationship of
distances @ and &, and hence the system would be in equilibiwm.

Taking muments about the center of mass of the svstem, we have:

Total clockwise moment = Total anti-clockwise poment
Nxa=f=nb
Therefore, the boy has to lean mwards when viding ronind a horizontal
circular track s that the moment of the centripetat force 15 balanced by
the moment of the normal reaction.

The appatent weight of the object at the pole and Equator are egual to
the reading of the spring balance at the comesponding position, Let Tp
and 7 be the reading of the spring balunce when the ahjeet 15 at the
pote and Touator respeyt ively.

g ! g il
when the object i5 at the pole. net force acling, oL L s 7ero sipee ot I3
stationary with respecl to the self=rotation of the Tarth. Henes,

TP = }'I"’
When the opject s at the Fquator, il is performng uniform civcular
motion due to the self-ratation of the Farth. Henee,

W= Tl{ =m m] R 1
Tl{ =W —-m f:l}zﬁ:.:
ke Tp

Therefore, Lhe ohicel’s apparcot weight when i is Jocated at the Caquatuar
is Tess than that i the pole by oy Ry
Remarks: 1f g is he acceleration dus to oravity at lhe FEquator,

g=g—- WA
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