2022 F=+TERABELLLE - 7
37" NCKU Science and Mathematics Competition 2022 - Physics

1. — Rt sE B RR - 2R » HEESm, o FZE R LSBT - B T, o FHI B0 E ERE ?
A satellite of mass m,, named Alpha, is orbiting around the earth. The orbit is approximately a circle with
radius r and period T,,. Which of the following is correct?

(A) HFEEEESE =EReH > T, xrde
T., o 3, consistent with Kepler’s third law.
(B) HIZCH S = BRI » T, o r2/3 o
T, o r2/3 consistent with Kepler’s third law.
(C) HHR—EMHE » HRBm = 2m, » DAFRRBGEES) » RIHESET, —F -
If another satellite with mass m = 2m,, has the same orbit, its period will remain unchanged.
(D) HPaEMe R U — R —Ra B A BoES) - BIIFELERET, —& -
If Alpha is now orbiting around the moon with exactly the same orbit. its period will remain unchanged.
(E) o] 8 v 17 2 B3 R W T » B LA ok R i B o B A Bt R -
If the orbit of Alpha is an ellipse, its orbiting speed will vary with position, and so does its total mechanical
energy.

2. LUR AR (1) (i) fdd 5 — B ik ie (M RE R ) ZEEoREIFRa LT
HARG) Z R E g = 9.8m/s? o FH]# EHE ?
The following curves (i)-(iii) describe the speed v of a falling body (not too far from the surface of the earth) as
a function of time {:

The slope of the straight line (i) is equal to g = 9.8 m/s?. Which of the following is correct?

T

(A) &R () (iii) & Al BERI A 25 SPH ) 2 B ki -

All of the curves (i)—(iii) may describe a free-fall in the presence of air resistance.
(B) RA &R (i) (iii) AT REA = REH ) 2 B HEhE -

Only curves (ii) and (iii) may describe a free-fall in the presence of air resistance.
(C) A A ih#s (i) AT el == RN 2 B m# e -

Only curve (ii) may describe a free-fall in the presence of air resistance.
(D) FA &R (i) T BE sl = ) 2 B Bikie -

Only curve (iii) may describe a free-fall in the presence of air resistance.
(E) &R (i) & A el BER AT 25 SR ) 2 B F s i -

None of the curves (i)—(iii) may describe a free-fall in the presence of air resistance.



2022 F=+TERABELLLE - 7
37" NCKU Science and Mathematics Competition 2022 - Physics

3. BARMEEMBESET) - T HI 3 ERE ?

About mechanical energy (ME) and work, which of the following is correct?

(A) HERR—8E - DEEZYRED) -
A force acting on an object must do work to the object.

(B) B &8 Y E A E RN o FTLL » S0 BRBIED) - HARMAE L bEE I -
A falling body is speeding up due to gravity. Thus gravity is doing work on the body, and its total ME is
increasing,.

(C) EEEHBEEAT) -
Frictional forces always do negative work.
(D) ) b AT REFFIED) -
Frictional forces can also do positive work.
(B) —E W58 i b R i o R%58 96 B H R AT ERZh AR & IERY -

A mass block attached to a spring is oscillating with time. The spring is doing positive work to the mass
block all the time.

4. HRABRIEE TR - T3 BOR (& IERE ?

About conservation of mechanical energy (ME), which of the following is correct?

(A) — FRAR 2 B B e i {0 o STPARL Y

The ME of a system is always conserved, no matter what.
(B) —RMKZISMEEA G EFTZF N HTRAGTH -

The ME of a system is conserved, only if there is no net force acting on the system.
(C) RERFHEW KT EET » MM &I -

Whenever there are frictional forces involved in a system, the mechanical energy of the system would not
be conserved.

(D) —EH%EE (B=FEHSN) ZERy(t) = h—1gt? » BERv(t) = —gt « HEEMBER Rmgy(t) + imo?(t) =
mgh > 21 SR 8 B 17 <R A & -

A free-fall (without air resistance) is described by position y(t) = h — % gt? and velocity v(t) = —gt. Its ME
given by mgy(t) + %nw'z(t) = mgh is conserved, independent of time.

(B) AFEMERF M AVBMAEth 2 SRR - K Rt ERAYE 12 RF ) o

The ME of a human on the earth surface is also conserved, because the gravitational field of the earth is conservative.
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5. —HEERN—EEA R Y KE LES) 0 HIMIEr = AR LR - EEEENEARER  EENVE
fEx =0 WA FERTR :
A block attached to a spring on a frictionless ground is released from rest at position x = A. When the spring is
at its natural length, the block is at position x = 0, as shown by the diagram on the left below.

Energy
1 (iii)
r=0zxz=A 5"'/‘12 - ~~

WMW m ”, # (i)
! . Y (id

s / 7 ,’ (1) \\

Y T 'y T

—A 0 A

B L AR Z BE R AR » F 3 (& IERE ?

About the energy curves on the right above, which of the following is correct?

(A) HRZR()FHILATZEIEE -
The dotted line of curve (i) describes the kinetic energy.
(B) AR ii) fi Y & AL HE o
The dashed line of curve (ii) describes the potential energy.
(C) EAR(iii) ) 2 B AE -
The solid straight line (iii) describes the mechanical energy.
(D) LT MfEIE T AI6E « (1)@ 0068 ~ (i) &BIEE 5 (i) @BEE - (i) BALEE -
Both of the following situations are possible: (i) describing the potential energy while (ii) the kinetic energy;
(i) describing the kinetic energy while (ii) the potential energy.

(B) (i) Bk FEGF LB B EGNE BT -

The fact that (iii) is horizontally flat indicates the conservation of linear momentum.

6. M5 : ZEEMETHEEE) - HAr B R BB

Continued with 5: The mass undergoes a simple harmonic oscillation with its position as a function of time ¢

given by
x(t) = Acos (\/Ef)
Hrf o AREIR o N YIRoM{E 5 2

with A being the amplitude of the oscillation. Which of the following is correct?

(A) BV Hz ()R RAEY » WEBE2r/m/k
The period can be obtained from the expression of z(t), and is given by 27\/m/k.
(B) HEWEZRz (TR TREES °
The period cannot be obtained from the expression of z(t).
(C) ABEK » SEBIMLE -
The larger the amplitude A, the longer the period.
(D) AR > EE#E -
The larger the amplitude A, the shorter the period.
(E) E&:#ES)A7HEEE AR -
The velocity is independent of A.
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7. ARARYEBRAYTE - T3 RO ERE ?
About conservation of linear momentum (LM), which of the following is correct?
(A) PRI HELEHESD ) BT AR LR 1R o MR R S0P R SRE - TR 2 AR B A2 ST ARAY -
Two objects collide with each other in the absence of external forces. No matter the collision is elastic or
inelastic, the total LM of the two objects is always conserved.

(B) MIfEYIRETERESN D HIEDL T A AR - MER RSN - MY AR B B A & TR -
Two objects collide with each other in the absence of external forces. The total LM of the two objects is
conserved only when the collision is inelastic.

(C) WifE¥RSE SN NAIENL N AH ELREE - MEATRIERIE - WYie 2 AR EEA |71 -
Two objects collide with each other in the absence of external forces. The total LM of the two objects is
conserved only when the collision is elastic.

(D) FELA_ERYYIHE - HARG LB R ST BET » BAN AR -
Whether the total LM of a system of more than two objects is conserved or not depends on the internal
forces between the objects.

(E) WifE LA ERHe - HARSR IR B AT RESFAAL

The total LM of a system of more than two objects is never conserved.

8. ME—HL—RABk - HERym » AT “HEASRPERETE » —(E R 1L - 7 — R LU o Bl
BT A 7

Two identical balls of mass m undergo a two-dimensional elastic collision, one ball being initially at rest and the
other approaching with velocity #:

Which of the following is correct?

Y Y R
To L ,.‘V;l
—‘_> T 7 T

(before collision) (after collision)

(A) HIRERMENREVTE » FTLAG) = 01 + 0,
Due to conservation of linear momentum, @y = ¥; + .
(B) HNARMEENERISFE > FTllug = vy +vg ©
Due to conservation of linear momentum, vg = v1 + va.
(C) BIRGHEBIRATSFIT » Fblod = o2 + o2 o
Due to conservation of linear momentum, v = v + v3.
(D) RPEREIERIEEYE » 6 + 6, = I0°HLIRABE -
t + 0> = 90° is always true, even if the collision is not elastic.
(E) HTNERAHEIEETE » 0) + 05 £ 900t A HEFE -

01 + B2 # 90° can happen for such elastic collisions.
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9. —fE/NEIETETERA Bk » W BT EER » 40T TR
A kid stands at the edge of a merry-go-round and throws a ball aiming at the opposite side, as shown by the
diagram on the left below.

TEIEEA SR ERER G - BRI A EEFTR o THIAE IR ?
In the frame of the merry-go-round, the trajectory of the ball shown by the diagram
on the right above. Which of the following is correct?

(A) FEREA S 26 2 AE B i MBS e -
The merry-go-round must be rotating clockwise relative to the ground.
(B) FESA L6 A AR B i /R R S e o

The merry-go-round must be rotating counterclockwise relative to the ground.

(C) HESEA S — ARSI PR Hed » 10 fEds g 170 n] BE 2 AR i th v] BE 2 T -

The merry-go-round must be rotating, and the direction can be clockwise or counterclockwise.

(D) BEHEA B AR M i A — R B 7E e -
The merry-go-round is not necessarily rotating.
(E) BEis A 5 i heis o B 2o SRBERF i i 8 -

The merry-go-round must be rotating at a varying angular velocity.

10. = (R T

Three yoyos are designed as below.

SRR

RBCERMARE REE - & = (TR EERE — R R R > T 5Bl [ERE ?

The black dots represent identical disks of equal masses. If the yoyos are released from rest at the same height,
which of the following is correct?

(A) ZEABRRRERE T IRRR

The left yoyo will descend the fastest.
(B) HRRHIH TR R & T A o

The middle yoyo will descend the fastest.
(C) HHEEERE T FEmth o

The right yoyo will descend the fastest.
(D) B s sk AR A TR -

All yoyos will descend at the same rate.
(E) ZEi8 A S8 Ek & LU R 3 TR -

The left and right yoyos will descend at the same rate.



11.

12.
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— 7N B A ATERH — Yk B AE [ 55— » 40 AR

HAREI A~ R=AR AT FEKE b EEER I B - HBHIGE Z BT - MYSRPEEERS IR M 2 RUE - BRI AGE
B NSRS - PEMRRSER A £0E 7

A 60-kg man is at the rear of a stationary boat of mass 40kg and length 3m, which can move freely on the water.

The front of the boat is 2 m from the dock initially. When the man reaches the front end, how far is the man from
the dock?

k— 2 m —

1

SO ENRY R AT R EEE R IOR  FrERHAYRE o H TmREE ) RIS - TIMHE HLEREERINYHE
B 2

Kepler's second law of planetary motion states that the “areal velocity” of an orbiting planet is always constant.
Which of the following physical principles leads to the above stated Kepler's second law?

(A) PRIREESFAE -
Conservation of mechanical energy.
(B) Abn)EHI
Principle of superposition.
(C) WKFEHBS i
Special relativity.
(D) fEHRSFE -
Angular momentum conservation.
(E) mEis—Ent-

Kepler’s first law.



13.

14.
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5 08 T T A AR PE AR - FLREAR (E DR E AR RS B - By [ AN # TR

Consider the following gyroscope with its disk spinning at a rather high angular velocity in the direction
indicated by the arrow:

[
V)

TEATE i ?

Which of the following is correct?

(A) FABRESFIR o
The angular momentum is conserved.

(B) HAFIHEATR (R - PEAREEE SLZIE R o

The spinning wheel will immediately fall down because of the gravity.
(C) FesRE &R M (e LmE) 2IERE

The precession direction of the gyroscope is clockwise when looking from above.
(D) PedRfgE® A 71 (1¢ LEE) L%kt -

The precession direction of the gyroscope is counterclockwise when looking from above.
(E) PESREA—E & -

The gyroscope does not necessarily precess.

T AT RE (REE) - AGERE PR

Consider a Venturi tube filled with a flowing liquid:

Yl el el
-/ S

Which of the following is correct?

(A) A EARZ&HY -
Only sketch A is reasonable.
(B) R EBEEAEEAT -
Only sketch B is reasonable.
(C) HACHE AL -
Only sketch C is reasonable.
(D) ABIFIBE#A eTREE A » (HCORATRE -
Both of sketches A and B can happen, but not C.
(E) ={HE#EA rTRESE L -
All of A, B, and C can happen.
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15. MR BB A RO BRI & AR

Two straight parallel wires carry currents in opposite directions as shown in the diagram below.

-_T- —_—

d

L —
1

3 B e IEE 7
Which of the following is correct?
(A) WIMARME S| » BN IELR/d? -

The two wires attract each others with a force proportional to 1/d?.
(B) WIARAHEHE R » BHER I ERR L /d? -

The two wires repel each other with a force proportional to 1/d.
(C) MBARMERS| » HWAIEHRL/d -

The two wires attract each others with a force proportional to 1/d.
(D) FIARAEEHEF » BHEFR IERR/d -

The two wires repel each other with a force proportional to 1/d.
(E) HIpAERUT MAH R » SO AR IR -

There is no force between the wires as the currents are in opposite directions.

16. % & W faf LA o FATREB) -

Consider two charges moving side by side at speed v:

Fip

T Qlll—' v

d
4 Qro— v

HFy = Q1Q2/ (Ameod® ) RBIEMEFE S » BICHE » BIFH| o R 20 & IERE 2

If Fy = Q1Q2/(4mepd?) is the force following from the Coulomb’s law, and ¢ is the speed of light, which of the
following expressions for Fis is correct?

(A) F12 = F() 4 ]E.H\E\EEEF"U °

F\s = F} independent of v.

(B) Fio = (1 —v?/c*)F.
(C) Fig = (14+v*/c*)F,.
(D) Fig =(1—-v/e)Fy.
(E) Fio=(1+v/e)Fy.
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17. B T 5EETE NHESH

a. b. c. d.
YR (1T 3
N
Hig A
R 2 PR 7
Consider the following electric field lines in electrostatic equilibrium:
d.

T (1T k\

conductor conductor

Which sketch is reasonable?

(A) a (D) d.
(B) b. (E) PAE%4E © None of them.
(C) c.

18. —EEA A M SRS AL - HBERHC o TRl EFE ?

A capacitor of capacitance C' is made of two conducting plates. Which of the following is correct?

(A) HhEhn R » QIEAEMRE -

The capacitance doubles when the applied voltage is doubled.
(B) & B AL BN » BEEIINE -

The capacitance doubles when the amount of charge stored is doubled.
(C) MfAiEmkAER SRR » HENESRH2C -

Two such capacitors connected in series have an equivalent capacitance 2C.
(D) WIfEEEKR A IEIHE - HEWEE/C/2 -

Two such capacitors connected in parallel have an equivalent capacitance C'/2.
(E) A MAEGR G0N 7R R K (e A7 AT o

The capacitance depends neither on the applied voltage nor on the stored charge.
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19, — AT BRI ST RIS B T -

A semicircular wire carrying current I placed in a uniform magnetic field B as shown in the diagram below.

7 y

—

B=(0,0,—B) (B>0)

O——

| ——| z

ARG ERE ?

Which of the following is correct?

(A) 24 > %R KB > > % i tyo

The wire experiences a net force of magnitude /RB pointing to +y.
(B) @i ix4 > %k [IRB > > oy -y

The wire experiences a net force of magnitude /RB pointing to —y.
(C) a4 > %R 2IRB > * %3 tyeo

The wire experiences a net force of magnitude 2/RB pointing to +y.
(D) 24 > %R 2IRB > 2w i —y-o

The wire experiences a net force of magnitude 2/RB pointing to —y.
(E) d IR FMx 2 24 o

The wire does not experience any net force due to the circular symmetry.

20. ARASEE » T 5B o A 2

About optics, which of the following is correct?

(A) FroptBasast (RT5F) RS A i o
Refraction and diffraction are phenomena in the scope of geometric optics.
(B) S BT 5F JO 17 0k B Y B2 ) s
Reflection and refraction are phenomena in the scope of wave optics.
(C) S5 (RTS) BET15 R HH R B e 2 ) i -
Diffraction and interference are phenomena in the scope of wave optics.
(D) FULHITE Bl & i T8 AT B -
The formation of rainbow is a consequence of wave interference.
(E) #2457 (15) BtBFEIATR o« HABRE - Pl - A& 25 (F15) -

Diffraction is a particular behavior only for light waves. Other waves, such as sound waves, do not exhibit
diffraction.

10
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21. BAFYHE » %508 T W LR

i

I

)
PN

'; . :J .

ey 5 ] LARG V) 7 gl 747 2

About the tides, consider the following sketches:

Ocean
. )/
MoonN
a.
Ocean
o )/
SUN
c.

Which sketch best describes the situation of the tide.

=

o

=S

—~ S~ e~
e e e e

pE

FE83E ¢ None of them makes sense.

11
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22, —HIRERER EATED - 4R

23.

24.

A car is driving along a ring road as sketched below:

d.

b.

FEATBOE L EAE IR » VR BT 5E AT LU RE R IE T [ P

Which of the arrows may indicate the acceleration vector if the car is speeding up?

(A) a. (D) d.
(B) b. (E) BL_E#9E < None of them makes sense.
(C) c.

ER—ELEE  HERHSSM  BRFREOENME :
Consider a semicircular disk of uniform mass distribution, with its center of mass marked by *:
Y

(01 y«:)
xTr
0 R
N IERE
Which of the following is correct?
(A) yo = R/2.
(B) ye =2R/5
(C) ye=3R/5
(D) Ye = R/ﬂ-
(E) y.=4R/3x

FRAFE - MICTE M EEEARY - FEARREENER = 837 K mol™! » N FBIEME HHHT
AZ R BEHRSHE ?

Consider one mole of an ideal gas at 0°C and 1atm. Given the ideal gas constant R = 8.3 - K" mol~!, which
of the following values is closest to the volume of the above mentioned gas?

(A) 202FF ° 20L.
(B) 227 - 22L.
(C) 2427 © 24L
(D) 2627t = 26 L
(E) 28247 < 28L

12
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25. EAGEB) PR o R R LT

An object undergoes a motion in a straight line with f as a function of time ¢ sketched in the following:

f(t)4

TH gt 2 AN E i 2

Which of the following is incorrect?

(A) # fREE » RIFTEERABS R R R A R R 02N T RS T A6 Bh A BE A
If f is its velocity, the shaded area stands for the distance traveled from time 0 to 7.
(B) # fA (L » RIYIRFT 213 ) 2% o
If f is its position, the net force acting on the object is zero.
(C) & fRdfE » RIS FTETT Y@ S5 s B B
If f is its velocity, the object is undergoing a uniform acceleration.
(D) # fRhr - A RFFENE
If f is its position, the velocity remains constant.
(E) & fAInigE » QIR A R R AU A0 2R R 02 TRT RS B BE A -

If f is its acceleration, the shaded area stands for the distance traveled from time 0 to T'.

13



