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HKPhO 7 #4722 2012
Rules and Regulations 3584 |l

. All questions are in bilingual versions. You can answer in either Chinese or English.
e R BB U - Sl L [ -

. The multiple-choice answer sheet will be collected 1.5 hours after the start of the contest. You can
start answering the open-ended questions any time after you have completed the multiple-choice
questions without waiting for announcements.
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. Please follow the instructions on the multiple-choice answer sheet, and use a HB pencil to write
your 8-dight Participant ID Number in the field of “I. D. No.”, and fill out the appropriate circles

fully. After that, write your English name in the space provided and your Hong Kong ID number in
the field of “Course & Section No.”
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. After you have made the choice in answering a multiple choice question, fill the corresponding
circle on the multiple-choice answer sheet fully using a HB pencil.
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. On the cover of the answer book, please write your Hong Kong 1D number in the field of “Course
Title”, and write your English name in the field of “Student Name” and your 8-dight Participant I.
D. Number in the field of “Student Number”. You can write your answers on both sides of the
sheets in the answer book.
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. The information provided in the text and in the figure of a question should be put to use together.
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. Some open problems are quite long. Read the entire problem before attempting to solve them. If
you cannot solve the whole problem, try to solve some parts of it. You can even use the answers in
some unsolved parts as inputs to solve the others parts of a problem.
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The following symbols and constants are used throughout

otherwise specified:
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the examination paper unless

FRIERHIE P [ RIS [ 91 ﬁ%'ﬁﬁ‘r ‘

Gravitational acceleration on Earth surface FIZRAE U HVE g |9.8m/s°
Gravitational constant %9/ B G |6.67 x 10 N m%/kg?
Radius of Earth #9549 @ Re | 6378 km

Sun-Earth distance [t -Fy SR i re | 1.5x10"m

(= 1 Astronomical Unit (AU)) (= 1 =¥ #1 1+ (AU))

Mass of Sun [T E! Msun | 1.99 x 10%¥kg

Mass of Earth #Y5RITEl Me | 5.98 x 10%kg

Air Density 2 5% o | 1.2kg/m®

Water Density “J<7 % ow | 1.0 x 10° kg/m®
Standard atmosphere pressure FEVEA B Po | 1.013 x 10° N/m?
Charge of an electron - b e [16x107C
Permittivity constant 7' A & |8.85x10C/(Vm)
Electron mass 75— #TE| me |9.11 x 10™! kg
Speed of light in vacuum Hr 24 3 c |3.0x10%miss

Trigonometric identities:
= EIFE T
srn(x+ y) = srnxcosy+cosxsiny

SiN2x = 2Sin XCOSX

sinxcosy = %[sin(x+ y) +sin(x—y)]

sinxsiny = %[cos(x— y) —cos(x+y)]

cos(X+Yy) =cosxcosy—sinxsiny
C0S2X = €0S” X —sin® X

COSXCOSY = %[cos(x +y)+cos(x—y)]

The following conditions will be applied to all questions unless otherwise specified:

1) All objects are near Earth surface and the gravity is pointing downwards.

2) Neglect air resistance.
3) All speeds are much smaller than the speed of light.
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Multiple Choice Questions
(2 points each. Select one answer in each question.)
S (SR 250 0 DIEEN- W )
The MC questions with the “*’ sign may require information on page-3.

T”*EJ SRR “31‘&;,1“ ZBT= Fr _FpUErR -

1. Asshown in Fig. 1, a boy is riding on a bus. The bus moves with a uniform speed of 20 km/h in a
horizontal circle, and the traffic light is located at the center of the circle. What is the velocity of
the traffic light relative to the boy?

A) 20 km/h in the forward direction of the bus

B) 20 km/h in the backward direction of the bus

C) 20 km/h perpendicular to the forward direction of the bus and directed away from the bus
D) 20 km/h perpendicular to the forward direction of the bus and directed towards the bus
E) 0 km/h

20 km/h

\
WS
\
\
\

i/[l[ﬁ‘l”% o B PRI e TS 20 km/h g R (s URIE R
B pPE AT IR e o D SPGB IRV E R 2D 2

A) 20 km/h === 14 2 H |

B) 20 km/h == 1 &[]

Figure 1

C) 20 ki 124 {32 b i) ff 2 s
D) 20 km/h % 19 {3 il 1 T 1
E) 0 km/h
Solution:

The circular motion only affects the relative acceleration. It does not affect the relative velocity.
(answer: B)

2. A tennis ball machine is installed on the bus in Fig. 1. It projects tennis balls at a speed of 100
km/h in the direction perpendicular to the forward direction of the bus, and on the outward side of
the circular path. The trajectories of the tennis balls observed by the boy are
A) straight lines perpendicular to the forward direction of the bus
B) straight lines slightly inclined towards the forward direction of the bus
C) straight lines slightly inclined towards the backward direction of the bus
D) curves slightly inclined towards the forward direction of the bus
E) curves slightly inclined towards the backward direction of the bus
i OISR - AR © SETRL L 100 ki L RS [
RSB BRI o B ISP EE AL

A) TS I R
B) F T S e ] R s
C) P 1 i [Pt B v PR st
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D) P 1 i et K TSt
E) P 1L TS e e PRI

Solution:
Because of the curved motion path of the bus, the trajectory should be a curve. (answer: E)

A man sits in the back of a canoe in still water. He then moves to the front of the canoe and sits
there. Neglecting the damping of water, the final position and the motion of the canoe is:
A) forward of its original position and moving forward
B) forward of its original position and moving backward
C) rearward of its original position and moving forward
D) rearward of its original position and moving backward
E) rearward of its original position and not moving
ri??’%‘fﬂi “J<fl ’ﬂﬁj\i R AV o PR R RS R ARV IR o T TR
PO R B BRSNS E A R SEETERRL |
A) FIRUE fg'*fﬁ"’*’ IR B) ERU O NP2 [ e
C) ERU i fef P2 i i D) FRU i [l e )
E) PRI A [l A2 1Y

Solution:

man’s com

Since there is no external force, the center of mass should stay at the same position. Hence the canoe is
rearward of its original position and not moving. (answer: E).

4.

A boat is about to cross a river to the opposite bank. The river water flows at a speed of 4 km/h. If
the speed of the boat is 3 km/h, what should be the angle between the boat velocity and the
upstream direction of the river, so that the downstream displacement is minimum when the boat
reaches the opposite bank?
TR RIS~ ST - I TS 4 kanh - ,ia'xwf 3 km/h > EVASS R
FUIR B Y SR SRR gt 72 5 | 7
A) 0° B)37° C)41° D)53° E)90°

Solution:

To minimize the downstream displacement, the resultant vector of the water and boat velocity
should make an angle with the downstream direction as large as possible. Considering variable
directions of the boat velocity, the tip of the boat velocity generates a circle as shown in the figure.
The largest angle of the resultant velocity is given by the tangent to the circle. Hence ¢= cos(3/4)
=41°. (answer: C)
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5. *In a talent show, a juggler juggles 4 balls simultaneously, as shown in
Fig. 2. A spectator uses his high speed video tape and determines that it
takes the juggler 0.9 s to cycle each ball through his hands (including
catching, transferring and throwing) and to be ready to catch the next
ball. It is noted that at most one ball must be in a hand of the juggler in
each cycle of juggling. What is the minimum vertical speed the juggler
must throw up each ball?

ST AR - 2 N IR R 4 S O] Q%ﬂ 25 o IS EIJ
ARERABST TS A aﬁﬁ‘%‘n : ﬁ“J 0.9 s A== = [l 5R( EM}&%J‘* |

SRFHLER) o RIROEHEMAE T 3R o PRI AR - 0 Fiqure 2
S lINE-D Rtk R Al R FJ/—%f ﬁﬁ“ﬁﬁ”ﬁiﬁ}
%P2

A)9.3m/s B)ll4dm/s C)128m/s D)13.2m/s E)17.6 m/s

Solution:

One of the balls’ height can be described by y =v,t —%gtz. The amount of time it takes to rise and

fall to its initi Yo . If the time it takes to cycle the ball through the

juggler’s hands is 7= 0.9 s, then there must be 3 balls in the air during that time z A single ball must

stay in the air for at least 3zso the condition is 2o >3r,0r v, >213.2 m/s. (answer: D)
g

6. As shown in Fig. 3, the block-spring system is in 3K

equilibrium provided that the left spring is :
stretched by x;. The whole system rests on a 'VU\NVVV\_
smooth supporting surface. The coefficient of k

static friction between the blocks is u, and the W

blocks have equal mass m. What is the maximum
amplitude of the oscillations of the system such Figure 3
that the top block does not slide on the bottom one?

Ot 2 Bl IR e T BERRpLo EL fﬂﬁ-@?lﬁl R xg o 2 S
bl (SRR e il fﬁ@#l FRICEL s > THIAVETEIESEL m o ] S s i
o )T AL R R T

AL x Bk —umg ©) LT _x D) 22k +4,mg) ) 22Kk~ mg)

Solution:

The equivalent force constant of the springs in the system is (3k+k) = 4k
Applying Newton’s 2" law to the two-block system gives: -4kx = 2ma (1)
Applying Newton’s 2" law to the lower block gives: k(x; —x) —f=ma, (2)
where f is the magnitude of the frictional force.



HKPNO {5 k#2215 2012

Solving the Eq. (1) for ma and substituting the result into Eq. (2) gives
K(xy — x) — f = —2kx.

Solving for f: f =k(x; + X).

The maximum value for x is the amplitude A, and the maximum value for f is 1N = (us)mg. Thus,
(1s)mg = k(X1 + Amax). Solving for Anax gives

_ HsMg
Amax - k

—X, (answer: C)

7. *An object is projected up an inclined plane with an initial
speed of v = 10 m/s, as shown in Fig. 4. The angle of the
incline is @ = 30° above the horizontal direction and the
coefficient of the sliding friction g = 0.1, determine the
total time for the object to return to the point of projection.

f}*ﬂf?ﬂj'ﬁii F (") ?J,E‘i Vo =10 m/s ’;HL 1 Dqﬁl AR o A
PPl (R g = 30° » FVBHR RS 14 = 0.1 0 TR
[ RS ] -

A)381s B)4.26s C)454s D)4.94s E)5.32s

V, = 10m/s

Figure 4

Solution:
Going up: F, =—mgsin30° — zmg cos30"= ma
-.a=-g[sin30° +(0.1)cos30°] = -5.75m/s?

At the highest point v=0 so v=v +at = t = Yo (;"75)
a —(5.

=0.174v, s

The length of the inclined plane is given by
Sup =Vobiu + 1atjp =0.174v - 1(5.75)(0.174v0)2 =0.087v.
2 2

Going down: v. =0, a=—g[sin30°—(0. 1)cos30°] =-9.8(0.5-0.0866) = 4.05 m/s*

+1at =0 ——(4 05)(t3 ..

down
2

Soun = Vit

down

0.087v2 = —(4 05) (tgoun)

=0. 207v S
t,

total — p down

down

ot =0.381v, =0.381(10) =3.81s (answer: A)

8. *As shown Fig. 5, a train with a length of L = 500 m moves by its inertia through the horizontal
section of a railroad. However, the train encounters a small hill that slopes gently. With what
minimum speed v can the train cross the hill? The base of hill has a length /= 100 m, the lengths
of the slopes are /; =80 m and 7, = 60 m. The slopes of hill can be considered as straight lines
and the small section of rounding at the top of the hiII can be ignored. Neglect any friction.
f/[l@éﬂsf’% o= IRE R L =500 mfvFE o P AT E*Liﬁfiﬁw‘?  SREEE] [T T

o U F R A Sl v*—"?q;” R [ﬁ’f‘Ew =100 m > PEEAREE 1, =80m A,
=60m - fi’ ')J%FTJW Bl o SURRRENpY - [ FR R TS o T P e
A)9.6m/s B)1ll15m/s C)13.2m/s D)150m/s E)16.2m/s
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Figure 5

Solution:
The potential energy of the train is maximum when parts of the train completely occupy both slopes of
hill.
Using cosine rule, the inclination of the left slope is given by

2 12 g2
Ccosé = M =0.8

211,

sind=+1-cos’0 =0.6
Height of the hill: h=1,sind =48m
Alternatively, as can be seen from the given conditions, the lengths of slopes and base of hill satisfy

the Pythagorean theorem: /¢ + ¢ = ¢ . Hence it is a right-angled triangle. By equating the area of

the triangle, the height of the hillh =717 o/ /=48 m.

The center of mass of the lifted part of the train, which is located on the hill, gives hey = h/2. Since the
mass of the parts of the train indicated is proportional to its length, it is possible to find potential
energy of train relative to the foot of the hill:

P.E.= M(ﬁ s ) h.,. w ;wheré‘lM is the mass of the entire train.

If the train can cross the hill, its initial kinetic energy K.E. = Mv?/2 must be larger than the potential
energy U. Hence the desired minimum speed of the train is

gh(g +L£ j 11.5m/s (answer: B)

9. It is given the mass of Earth is a times that of Moon, and the radius of Earth is b times that of
Moon. The period of a simple pendulum is T. When it is carried to Moon, the period of the simple
pendulum becomes
wp%fﬁm%w SR @ ff o SR EALEZRY b 6 o - (R TR e
BT F R AR Ef%}aﬁ SGLISED

A) LT B gT 0 ¥ar p) TT E) \/ET
a

Jb b
Solution:
mM T, R, [M, +a
mg =G ——, ,T 2 2 2=-_2 |_L_-""_ (answer: C
B8 = pats R2 \f " J_ T. R M, B )

10. There exist some triple star systems in the universe. They are more distant from other stars, and
are composed of three stars of equal mass M. The gravitational forces due to other stars can be

8
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neglected. A basic stable structure of triple star systems consists of three collinear stars, with two
companion stars moving around a central star on a circular orbit with radius R. The linear velocity

of the companion stars is v, =k,vGM /R, where k; =

H’FHH@'& gt ) B Ry M AP = JEE A RS U B ek lﬂiﬁ [l
o I*E’EJ‘F‘%TJ*IFEJEJFJ[ JorER] “‘@E?E'HTU*%JLH B AR Y *ﬁ‘ﬁlﬂ“’?ﬂiﬁ“ i‘ ‘*r'E
K rﬂi*[ﬂ ﬁhﬁd— R B B ! T A Fu[&nl’ﬁhﬁ R CINIRN C P CUHUlEN PG
V1= kl\/GM /IR > j‘\‘H[ kl—

A V10 B)5 C)5/2 D)+5/2 E)¥5/2

Solution

2 2 2
Z|:2|:1+|:2:Gn2 +Gm2:5Grr; :mRa;Z,a):W/E)G—T,vl:Rw:EJG—m. (answer: D)
R (2R) 4R 4R 2 VR

(END OF MC’s Z {5FH%)
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Open Problems BeRE
Total 6 problems 3 6 &

The Open Problem(s) with the “*’ sign may require information on page 3.

7 OBH R S 90 1o

Q1* (10 points) 1> (1053 )

The helicopter has a mass m and maintains its
height by imparting a downward momentum to
a column of air defined by the slipstream Y
boundary as shown in Fig. 6. The propeller '
blades can project a downward air speed v,
where the pressure in the stream below the
blades is atmospheric and the radius of the
circular cross-section of the slipstream is r.
Neglect any rotational energy of the air, the
temperature rise due to air friction and any
change in air density p. Figure 6

(a) Determine the power P required of the engine.

(b) If the power is doubled, calculate the acceleration of the helicopter.

EH{ ﬁgls—mﬁﬁl m> ]‘mﬁf—k F”F‘}J = 1“'5,?@“} ‘}“é}ﬁ"‘ﬁlﬁl%’f o %af‘f F” F#Z/[Iqﬁsﬁl 6 - o
g 8 ﬁH aﬂ?;ﬁjk;«nmm fﬁ CREEE] v St H[Fu@tg{m#\%n EV@F{ » FR IR
o p e F‘ P EPE 2 S P g~ A s e g E py S AT SO pudy @
(a) BT | ik p -

(b) YPB IS R o BRI A AL -

Solution:

(a) Using Newton’s second law, the force exerted by the engine is equal to the rate of change of
momentum of the air.

Mass of air propelled by the enginer in time t = pvAt

Increase in momentum of the air in time t = (ovAt)v = pvAt v 1: 0
Hence the force is F = pV:At = VA= par®V2. '

For the helicopter to maintain its height, F = mg. k/—l:f'ﬁ
Hence mg = prv? = v=1 Tr_g mg
The increase of kinetic energy of the air intime t K = %(vat)v2 V

Hence the power is P = % = %p;zrzv

(b) Since P is proportional to V3, the air velocity becomes 3/2v when the power is doubled.
Since F is proportional to v2, the force becomes 4F = i/ng when the power is doubled.
Using Newton’s second law, the acceleration of the helicopter is given by
Yamg-mg=ma = a= ( 1)g 5.76m/s* (answer)

3:m_? mg. (answer)

Q2* (10 points) fE 2* (1057)

10
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As shown in Fig. 7, in a ski jumping competition on a slope with inclination angle &

= 60°, an althlete jumps at point O with initial speed vo = 25 m/sand lands at point-A. —

(a) Find the optimum jumping angle « so that the distance OA is maximum. (You

may need to use trigonometric identities listed in page 3.)

(b) Find the maximum distance OA. 0
7 T T 0= 60° USRI FIRISEN S« TP B RO
V)i vo =25 m/s ~ (1] el 5 il v A Bk ARe 50 O A RREFOSH
BE L EREE ST

(@) EEI YR I T G PEEE OA VB o o (f’f’\’ﬁ‘%?ﬁﬁ FIESY3 FIfu= HER T ETE )
(b) 7~ &t B HFLEE OA o

Figure 7

Solution:

Set the coordinate axes as shown in the figure. At time T,

X =vTcose, (1)
Y:stina—%gTz. )
They satisfy the equation Y =—Xtand. 3)
From Egs. (1) to (3) gT? - 2vT(sina +cosatand) =0.
We ontain T = —(S|na+003atan 0)= &7 Ahl@zeit) (4)
g cosd
2 -
Substituting Eq. (4) into Eq. (1), X = 2v° sin(@ + a) cosa ©)
g cosd
X 2 Sln(t9+a)COSa

The distance OP along the slope is given by L(«) = . (6)
cosf g cos’ 6

To calculate the best inclination and the maximum distance, we need to maximize L with respect to «.
From the trigonometric identity: sinxcosy = E[sm(x+ y) +sin(x — y)] , we find

$in(6 + o) cosar = sin(@ + 2a) +sin@ .

2
2 of = 0
Hence L(«) :vEsm(6?+2025)0+sm49 . When sin(6+ 2«) =1, that is, 6+2a =90°, a, = 90" -0 =15,
oS

2 g 2 . 0
and the maximum distance is L, = L(ao)zv_1+5|2n<9:25 1+5|2n6(3 = 255. 1+£ :
g cos“d 9.8 cos°60 2
The optimal jumping angle «is 15°, and the maximum distance is 476 m. (answer)
An alternative solution can be obtained by setting the slope direction as the X axis, and the

perpendicular direction as the Y axis. Then
11
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1 2
X = vcos(0+a)t+§(g sino)t (@)
. 1 )
y :vsm(9+a)t—5(g coso)t (b)

Wheny =0, t= ARG @) . Substituting into (a),
gcoséd

2 -
_ %[Cos(a+a)cose+sin Gsin(0 +a)].

Using the trigonometric identity cos(x—Yy) =cosxcosy+sinxsiny, we have

2v sin(@ +a) c03a
gcos’ 6

Using the trigonometric identity sinxcosy = %[sin(x +y)+sin(x— y)] )

2 -
X = gc\(;sZe[sin(H+2a)+sin0]. When sin(@+2«) =1, that is, 0+2a =90°, o = 90" -0

=15°

2 0
and the maximum distance is L, —L(oco)—V SN 28 RSl —255.]{ ﬁj

5 1+—|.
g cos’é 9.8 cos?60 2
The optimal jumping angle « is 15°, and the maximum distance is 476 m. (answer)

Q3* (15 points) B 3* (15757)

On a smooth horizontal surface shown in Fig. 8, there is a rectangular board AB with mass 2m and an
arc-shaped structure BC with mass 3m. The coefficient of kinetic friction of the upper surface of the
rectangular board is ¢ = 0.35, and the surface of the arc-shaped structure BC is smooth. The arc BC
subtends a right angle with radius R. The two objects touch at point B.

(@) A small object of mass m moves from A to the right with an initial velocity vo = 10 m/s on the
upper surface of the rectangular block. When it reaches point B, the velocity is v =5 m/s. Calculate the
velocity v, of the rectangular board AB at this instant.

(b) The small object continues to move onto the arc-shaped surface BC. The rectangular board AB
loses contact with the arc-shaped structure BC, and the small object continues to to move along the arc
surface, and finally just reaches the highest point C of the arc BC. Calculate the velocity of the arc-
shaped structure vg.

(c) Calculate the length L and the radius R.

TV EG 2m Y= 9] AB AITTE! £ 3m EILJ[Ealgﬁ‘\Jf}EA BC F?J;LP‘ qgﬂ 8 flip J;Ljﬁ PR iif’g e
ORI £ Bty = 0.35 0 [N BC AEH[ B A BB o [T BC ok 45 &) » IR -
PPl B RS -

(@) TV EIEL m pfj,ﬁfﬁiﬁﬁ} ARETTFIHE vo=10 m/si %?E‘Wﬁ P%Lp[[ﬂ [{F‘EI*J ] {F*IH B Eﬁu
WA EL v =5m/s o ?jﬁjﬂ%ujcbﬁ AB [ v o

(b) iF‘tFue"ZﬁféﬁF“‘U[EH?mﬁE%E[ BC - E%?ﬁ' AB ﬂl[&&lgﬂgﬁ BC % & Hi i?‘ff;ﬁ[ﬁ"gﬁ@?ﬁr [
I Hﬁ’;&ﬂ ’ ﬁéw‘l P RTEIBT BC FRui iR C « SO IFIIRITE BC fgiak v -

(c) =% L%LI[EWT# R

12
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C
L R

<
m Vo B

11—
Al Zm 3m

A DY LN NNNNNSN
Figure 8

Solution:
Vo=10m/s, v=5m/s, 1=0.35

(answer)
(b) Momentum conservation from B to C,

mv+m,v, =(m+m,)Vvg, m(VE°)+3m(I—E’)) =(Mm+3m)v; =

v o VMY, 1 v 4 m
" m+m, m+m, 2

m(v, —v) J MMV +M5Ve)  _Vo _ 5 s (answer)

_ Vo

m, +m, (m+m,)(m +m,) 5
lmvo2 P +l(m1 +m,)v, >+ umgl =

(c) Energy conservation from A to B, 2 2 2

_ m(Vo2 _Vz) - (m1 + mz)vl_2 _ (ml + mz)(V02 _Vz) — m(Vo _V)2 _ lﬁ =102 m (answer)

24mg 249(m; +m,) 20 19

L

Energy conservation from B to C, %mv2 Jr%mva2 - %(m +m,)V,> +mgR,
m(Y2)2 +3m(22)? = (m+3m)(2)2 + 2mgR =
2 10 5

2 2 2 2
R MVZHMV," —(M+m)Ve 3 Ve _ e o (answer)
2mg 50 g

Q4* (10 points) /B 4* (1055)

Geosynchronous satellites have the same period T as the Earth’s rotation. They are at such a height
above the earth’s surface h that they remain always above the same spot. Suppose a geosynchronous
solar satellite, as shown in Fig. 9a, sends radio signal directly to receivers on earth.

Figure 9a

When the satellite moves to the rear part of the earth (Fig. 9b), the light source is completely blocked
by Earth in the shadow region (commonly known as an umbra). The length of the umbra is usually n
times (n = 200) of Earth’s radius Re.

(a) Determine the height h. Express your answer in units of Rg.

(b) Determine the duration in each day that the satellite cannot receive sunlight. Express your answer
in minutes.

13
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e—— MRe

Figure 9b

¢¢¢@Ewﬁ rWTV@%?ﬁwﬁwwr wﬁ%fa%wﬁ@hwﬁﬂ’@I%f
mﬁ#m PYRICE e QIR 9a s GEE - BSRA PN HAS AR - [ AR R
PISR RuEE Rl

PR BSSRTTPI(E Ob) - ATRREESSRSE 2 JREEPYS 2 BB« 2 B PV RS E
”’REEJn[f(nﬂ~200)
(a) & ;ﬁﬁﬁth’l REREW*i AN o
(b) FEFH TR B P U R U TR A R R > )O3 SRR O R -

Solution:
(@) Let r be the distance of the satellite measured from the centre of the earth. When the satellite
moves in the circular orbit, its centripetal force is

2 2 —11 24 2
6™ _ra—m@yr =i =3\/GMe-2r _ i/(6.67><10 )(6.98x10")6400° _ 55617
r T A Ar
:
_ 422510 oo
6.378x10

Hence h =5.62 Re. (answer)

(b)

As shown in the figure,

sinaz&:L = «a=0.1515rad
r 6.6244

sing = Re 1 = £ =0.005rad
nR. 200 '

0 =a—- [ =0.1515-0.005=0.1465rad
Hence the length of the black-out period is

t= (24)(60)(2)(()2'& =67.2min (answer)
T

An alternative, but approximate, solution can be obtained by assuming nR. is very large compared
with L, so that the orbit in the region of umbra can be treated as a straight line L.

14
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By using simple trigonometry, we have the following equations:
L MRor L _r 2

2R, nR, n

The time the satellite moves in the region of umbra is

tz(ﬁ)T:(&—ij-T e

o nNrx

Substitute equation (1) into (2) which yields

t= (3{ 4?_92 —ni}T , Where T = 24X 3600 = 86400 s, R. = 6,378,000 m
79 /4

:[ 3&/ 4378000 1 J.(86400)
(3.14)(9.8)(86400)>  (200)(3.14)

=(0.048-1.59x107%)-(86400) = 4010s = 66.8min

Q5* (20 points) B 5* (2055)

Let re = 1.00 AU be the circular orbtal radius of Earth around Sun, and ry = 0.72 AU be the circular
orbital radius of Venus around Sun. To launch a space probe from Earth to Venus, the space probe
first enters Earth’s orbit and moves to a position sufficiently remote from Earth, so that the
gravitational attraction of Earth is negligible when compared with the gravitational attraction of Sun.
Then, the following manouvers as shown in Fig. 10 are performed:

(1) The kinetic energy of the space probe is reduced by AK =K(rg — ry)/(re + ry), where K is the kinetic
energy of the space probe at that instant. This is done by switching on the engine for a short time and
then switching it off. The space probe then enters a transfer orbit around the Sun. The transfer orbit is
tangential to Earth’s orbit at its near end and to Venus’s orbit at its far end.

(2) When the space probe touches Venus’s orbit, the space probe is traveling too fast for it to land on
Venus. For the second time, the Kinetic energy is reduced by switching on the engine for a short time
and then switching it off. The space probe then travels at the orbital velocity of VVenus.

Transfer

— —
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Figure 10
(a) Calculate the orbital speed of Earth and Venus. Express your answer in km/s.
(b) Calculate the speed (in km/s) of the space probe in the transfer orbit at point E.
(c) Calculate the speed (in km/s) of the space probe in the transfer orbit at point V.
(d) Calculate the fractional reduction of the kinetic energy of the space probe at point V.

i re = 1.00 AU FREER "i*ﬁ%[é“ﬂ/“iaﬁﬁﬂr % ory = 0.72 AU FLE BRI Eup v
0o g [N FRIES (SRS B T O BRI S b zwf A B S
ol g [ frﬁtﬁ%rﬁﬁd[ AR ”E PR e IREEPAHEE S IR 10 wﬁél‘ﬁ:
(1) FHANERFUEIR-EE S AK = K(re =1 ) /(e +1,) - FHHIT KRR R IFRoR= L
pos (B PRI > SR R (B - BOITERIE * SBe Mg o Sl T
PSRRI > TR I.Jg [[22 & B ESpAT

() F%ZEU%”“’J P EE TG %J@ﬁa VEE TR E B A e SRR I [ B
E*]Fa  IRER 5 - %&?EH%E[“P ﬁ;ﬁjf I f@fwﬁ}%—?o

(a) RéT RTEYSRAIE BTGRPk o T km/s BB AP ASEFRN -

(b) & ﬁﬁ*ﬁk@w#w”ﬁﬁ&ﬁuﬁ} > '] km/s B I AR o

() & ﬁﬁ*ﬁwﬁﬂ#f+3ﬁf’#¢vﬁ1m > I') km/s BT FSEHH o

(o) PR P PSS RS - S0 (SO R AP =1
Solution:
(a) Using Newton’s second law,
2 —11 30
MV GMSUZHM oy [Me :\/(6.67><10 )(1.91)9><10 P
Ie I I 1.5x10"
(answer)

Similarly, v, =

-11 30
CMs, :\/(6'67X10 N2l ):35057m/5z35.06km/s (answer)

(0.72)(1.5x10")

v

(b) At point E of Earth’s orbit, kinetic energy: K = % mvi = Gl\g¢”m
r-E

At point E of the transfer orbit, kinetic energy:
1mvl2 = 1mv,zE 1 eTh ) Vv, =V, 2N _ 27218mis ~ 27.22 ks (answer)
2 2 r+r, e+,
(c) Using conservation of energy from point E to point V,
1 2 _GMg,m _1 . GMgm
=mv. —my, - —3—
2 I 2 K,

Vv, = |V - 2GMs, + 2GMsy _ | 2CMole _ =V, e _ 37803m/s ~ 37.80km/s (answer)
e r, r(r:+r,) r.+r,

(d) Fractional rduction of kinetic energy:

Lz -t =
5 vy iy 2wk - -
AK, _ 2 1 2 _ Y ZVV _ e J;rv _feof _1-0.72 =0.14 (answer)
K “mv? E b e ?
2 e+l
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Q6 (15 points) 6 (1557)
As shown in Fig. 11, a pendulum consists of a massive cubic block with side length b and density p,
hung by a light rigid rod with length L >> b. The hinge connecting the rod and the block maintains the
block at the same orientation when it swings. The block is partially immersed in a liquid with density
M, With o greater than p,. The immersion depth of the block in the liquid is c.
(a) Calculate the period of the pendulum for small oscillation angles ¢ when c is sufficiently small.
You may assume that the damping of the liquid during oscillations is negligible, and the change of the
immersion depth during oscillations is negligible.
(b) When liquid is added, the liquid level rises, and the value of ¢
reaches a threshold value c*, above which the pendulum rod is no |
longer vertical. What is the espression of ¢*?
(c) When c is above c*, the pendulum oscillates about a non-zero
angle ¢. Calculate the period of the pendulum for small oscillations
when the liquid level has risen to one that corresponds to ¢ = 30°.
L &éﬂ 11 A o e (AR — AL r@ﬁrﬁlpam ?ﬂédﬁ%}ﬁ%_
(e ﬁ[J—f “ﬁﬂF’E‘ it “ﬁﬂﬁﬂimt b %Hﬁ o RARR Y
L>> b HIER R AR ﬁb?ﬂﬂ A [+%}%5£§*Jﬁﬂj o1t ﬂjrﬁg
ARG Tl I o R R R L p 0 U
@F Ao b ﬂjga Vo +{J§*EE'HI FAE t'oc 0

(@) & ETET’E, ELEMNE eS¢ ) [P o T .

e s IR L S - i H@?'*ﬁaﬂﬁ Figure 11

BN R POV R SRR

(b) ?}’?JQ?E'*EJJ['Ef AT o c Elfjg‘ﬁﬁi%?ﬂ%ﬂ i cx o R b SIS TR

CHVRSE LR 7

Ol oo L SRS - TG 5= SOOI N - s
ﬁ;{ﬁgu

Solution:
(2) Weight of the block: W = p,b%g

Buoyancy of the block: B = pb’cg

Hence W —B = p,b’g — pb’cg = pbb?’g(l—p—'j

ety
This implies that the pendulum is equivalent to one that is placed in a gravitational field with
gravitational acceleration g(l—p—'gj. Hence the period of the pendulum is T =27
Py
(answer)
(b) When ¢ approaches 'D—bb, then we have B approaches W. Above this value, the block will float,
P
and the pendulum is no longer vertical. Hence c*=p—bb. (answer)
P

(c) Let x be the displacement of the block along the tangential direction of the rigid rod swing.
X is positive in the direction of increasing ¢.

Then the vertical displacement of the block is xsinég.

Change in buoyancy: AB = pb’xsingg

17
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Using Newton’s second law,
ma = —ABsing = —(p,bzg sin’ ¢)x
Hence the period of oscillations is ma = —ABsing = —(p,bzg sin’ ¢)x.

. _pb’gsin’¢ _ gsin’g.

Angular frequency: @

m b
Period: T = 2% =2r / _b = ZH\/E. (answer)
w gsin“ ¢ g

(END ')
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