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1. Consider a conducting loop carrying current / under the

influence of a magnetic field B, as shown in Figure 1a. The
loop experiences a torque given by

T=1AxB,

where A is the vector of the loop area indicated in the
sketch. Which of the following is correct?

A) The equation is valid for loops of arbitrary shapes
(not only rectangular)

B) The torque in the sketched case rotates the loop
counterclockwise (looking toward the x direction)

C) The two vectors A and B are related to each other
via B=V x A

D) The vector A is also known as the vector potential
E) For the torque to be nonzero, B must be time-

varying
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. About magnetic force F,, acting on a particle carrying
charge ¢ and moving at velocity v in a magnetic field B,
which of the following is incorrect?

A) The force can be written as F,, = gv xB

B) If B = (0, 0, B) with B> 0 and v = (v,, v, 0), then
the force is pointing to the right relative to v for
positive charges, and left for negative charges

C) Because F,, £ v, the force cannot change the kinetic
energy of the charged particle
D) The Biot-Savart law describes such a magnetic force

E) The underlying mechanism of the cyclotron motion
of electrons is such a magnetic force

MY EEBA 2 24 Fm, it 4 3 g~ Vi@ By

Eenfd o T KE R E R

A) B4 ¥ 47 5Fm=¢qvxB

B) #B= (0,0,B)* B > 0~V = (v, v,,0) > Blip¥
R R e o B FEAEY AF 1T
AL TEr AF T kS R 2

C) FIZF, Lv> B4 7 i e g3 b it

D) Biot-Savart % & 9 §5 it Jt g 4

E) & 3 chue a8 d o A 18 ) i 4

3. Consider the plots shown in Figure 1b for a conducting

sphere of radius R with charge QO > 0 uniformly
distributed on its surface. If the magnitude of the electric
field is £(r) and the electric potential is V' (r), where 7 is
the distance to the center of the sphere, which of the
following is correct?

A) The conducting sphere should be neutral charge
B) f=Fandg="V
2
C) fy = o/ey with 0 = Q/AnR
D) The electrostatic energy stored is %Qfo

E) If the conducting sphere is replaced with a
dielectric sphere, the curves for V and E remain
the same
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(a) Question 1

Figure 1
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Figure 1

4. The curves (i)—(iii) shown in Figure 1c 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?

A) None of the curves (i)—(iii) may describe a fall in the
presence of air resistance and upthrust

B) Curves (ii) and (iii) may describe a fall in the
presence of air resistance and upthrust

C) Only curve (ii) may describe a fall in the presence of
air resistance but without upthrust

D) Only curve (iii) may describe a fall in the presence
of air resistance but without upthrust

E) All of the curves (i)—(iii) may describe a fall in the
presence of air resistance and upthrust
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5. A mass block attached to a spring on a frictionless ground is
released from rest at position x = 4. When the spring is at
its natural length, the mass block is at position x = 0, as
sketched in Figure 1d (left). About the energy curves
sketched in Figure 1d (right), which of the following is
correct?

A) The fact that (iii) is horizontal
conservation of linear momentum

indicates the

B) The solid straight line (iii) describes the mechanical
energy

C) The dashed line of curve (ii) describes the potential
energy

D) The dotted line of curve (i) describes the kinetic energy
E) The curves (i) and (ii) intersect at x = 0.84
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(¢) Question 9

Figure 2

. Continued with 5: The mass undergoes a simple har-
monic oscillation with its position as a function of time ¢

given by
x(t) = Acos - t

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

A) The velocity is independent of 4

B) The period is independent of 4

C) The larger the amplitude 4, the longer the period
D) The larger the amplitude A, the shorter the period

E) The period is given by 2w/ k/m
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(d) Question 11

7. Consider the electric field lines (with arrow heads) and

equipotential surface (without arrow heads) shown in Figure
2a. Which of the following is possible (@ and V' below are
both positive)?

A) Both spheres carry charge —Q

B) The two spheres are oppositely charged

C) The electric potential on the left sphere is —V and right
sphere +V

D) The electric field lines and the corresponding
equipOtential surface must be perpendicular to each
other every where

E) The electric field strength at the midpoint between
the two spheres is strongest
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8. Consider the gyroscope with its disk spinning at a
rather high angular velocity with the direction
indicated by the arrow, as shown in Figure 2b. Which
of the following is correct?

A) Without gravity, the gyroscope can also precess

B) The spinning wheel will immediately fall down
because of the gravity

C) The heavier the disk, the faster the precession.

D) The precession direction of the gyroscope is
clockwise when looking from above

E) The gyroscope does not necessarily precess
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9. A 40-kg boy is at the rear of a stationary boat of mass
60 kg and length 3 m, which can move freely on the
water, as shown in Figure 2c. The front of the boat is of
distance 2 m to the dock initially. When the boy
reaches the front end, how far is the boy to the dock?

A)2m B)3m C)32m D)3.5m E)38m
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A)2m B)3m C)32m D)3.5m E)38m

10. About conservation of linear momentum (LM),
which of the following is correct?

A) 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) 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) 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) 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) The total LM of a system of more than two objects is
never conserved
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11.Consider a Venturi tube filled with a flowing liquid,
as shown in Figure 2d. Which of the following is
correct?

A) Both of sketches A and B can happen, but not C
B) All of A, B, and C can happen

C) Only sketch A makes good sense

D) Only sketch B makes good sense

E) Only sketch C makes good sense
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12. Consider the electric fields Ey, E;, and £, due to an

isolated point charge Q, an isolated infinitely long line
charge density 1, and an isolated infinitely extending
plane charge density o, respectively. Which of the
following is correct?

A) Eyx > where r is the distance to the point charge
B) Ey x 2 where r-is the distance to the point charge
C) E; o > where r is the shortest distance to the line
D) E; o« 1 where r is the shortest distance to the line

E) E, is constant, independent of position
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(a) Question 14

Figure 3
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13. A capacitor of capacitance C is made of two conducting
plates. Which of the following is correct?

A) The capacitance doubles when the applied
voltage is doubled

B) The capacitance doubles when the amount of
charge stored is doubled

C) Two such capacitors connected in series have
an equivalent capacitance 2C

D) Two such capacitors connected in parallel have
an equivalent capacitance C/2

E) The capacitance depends neither on the applied
voltage nor on the stored charge
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14. A charged particle travels in a straight line with uniform

velocity v in presence of crossed electric field E and
magnetic field B, shown in Figure 3a. Given that B = (0,
0, B) with B > 0 and v=(v,0,0), what is the electric field
E?

A) (0, -Bv, 0)
B) (0, Bv,0)
C) (0,0, Bv)
D) (0,0, -Bv)
E) (Bv,0,0)

(b) Question 15

mh ole

B ¥ TR IS THELES BT T 154
S8, § IR4cFigure 3a #751 (it o RS L B
=(0,0,B)»B>0+ # B 5 v=(»0,0) » RITH 5" ?

A) (0,-Bv 0)

B) (0,Bv0)

C) (0,0, Bv)

D) (0, 0, -Bv)

E) (Bv, 0,0)

15. A solid cylinder P, two hollow cylinders Q & R (Q has

thinner shell than R), and a solid sphere S roll down an
inclined plane from the same height without slipping, as
sketched in Figure 3b. If all objects have the same mass
& radius, without air resistance, what is the sequence
from fastest to slowest that they will reach the bottom of
the inclined plane?

A) QR,PS
B) PLQ,R,S
C) S,PLR,Q
D) S,R,Q,P
E) R,QP,S

- FoF Pra 3ol Qv R(Q 5 A" R
)R -Gk S R HRGOE R EFFR
T > 4oFigure 3b¥ToF o de 2 PR HE E fr L T Ap
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A) Q9R9P’S

B) P’Q’R’S

C) S,P’R’Q

D) S,R,Q9P

E) R,Q,P’S
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(a) Question 17
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Figure 4

16.Consider one mole of an ideal gas at 20°C and 1 atm.

17.

18.

Given the ideal gas constant R =8.3 J K ' mol !, which
of the following is closest to the volume of the
above-mentioned gas ?

A)20L B)21L C)22L D)23L E)24L
TR AR B ALRETH-FIAREIH
T FHEE: R=83JK 'mol ' » T 5 Bk
BT 4 WA ?

A)20L B)21L C(C)22L D)23L E)24 L
A uniform disk of mass M and radius R is rotating in

the way shown in Figure 4a. If the angular momentum of
the disk rotating with @ is £MR’w, what should € be?
A)1/4 B) 12 C)3/4 D)1 E)5/4
- B3 R%E > FE M~ XL R MFigure 4a*7 & IR
0 N ER o FRG2 AHR Lo ERE L IMRo
e =?
A)1/4 B) 12 C)3/4 D)1 E)5/4

A satellite of mass m,, named Alpha, is orbiting around
the earth. The orbit is approximately a circle with radius

and period 7,. Which of the following is correct?

A) If another satellite with mass m = 2m, has the same
orbit, its period will be same as T,

B) If Alpha is now orbiting around the moon with
exactly the same orbit, its period will be same as T,

C) If the orbit of Alpha is an ellipse, its orbiting speed
will vary in position, and so does its total mechanical
energy

D) T, or 3, consistent with Kepler’s third law

E) T, or?? consistent with Kepler’s third law
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(b) Question 19
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19.Consider the static equilibrium problem shown in Figure

4b. About N; and Ny, which of the following is
correct?

d
M/m—l—l x
B) Ng = > 3 mg
X
)] NL—(——I-1+E)mg

D) Np= (> +1+7)
R™ \im a)md
E) N, = Np = (M +m)g/2,independent of x
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E) Ny=Np=(M+m)g/2 {EF= > gl x
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20. Two identical balls of mass m undergo a two-dimensional A) If /" is its velocity, the shaded area represents

elastic collision, one ball being initially at rest and the the distance travelled from time 0 to 7

other approaching with velocity vy, as shown in
Figure 5a. Which of the following is correct ?

A) Due to linear momentum conservation, vy = v;+v,

B) Due to linear momentum conservation,?o =Vvitv, C) Iffis its velocity, the object is undergoing a
C) Due to linear momentum conservation, vi = vi + v2
D) 6, + 6, # 90° can happen for such elastic collisions

E) 6, + 6, = 90° is always true, even if the collision is not ' '
elastic the distance travelled from time 0 to T’

B) If /'is its position, the net force acting on the

object is zero

uniform acceleration

D) If f'is its acceleration, the shaded area represents

. e v " s , E) If fis its position, the velocity remains constant
BB - ek FE L omo BEF - mosEd g o ) Iff p y
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B)d St H £ hT 50 S vy = V) 4V A) Ef 58 R o RAHET IEEG ff S R E R
C) ¢ *afids £ cha f5 » 9510 Vg = vi + V3 0 5| T 4 48 4 $+ crogeds
D) 3 igth B > 0, + 6, = 90°- T g4 B) #f:t% > Rl EI 5 F
E) i piit § 2580 - 0,+0,=90"» AR5 E C) £f:2d A > Ry TEFHIEHLERED
D) #f5 @R > BT DR R ff A A pE
21. A semicircular ring of radius R and uniform mass density 03 T4 & cnfedg
is shown in Figure 5b. If the coordinate of the center of E) £/5 % - Pl & 45 2@
mass is (0, y.,,), what should y,,, be?
2R R 2R R 2R 23. Aballistic pendulum is shown in Figure 6a. [f m= 10g,
A) 51 B) S ) 3 D) T E) T M =2 kg, H=15 cm, what is the initial speed v of the
2
- LFHBEELRE FEAF323 > 4o Figure 5b#7 bullet: . . . . .
T T B (0 o) 0 Bl Yo S 2 21002 B)1502  )2002 D)2502  E)3002
2R R 2R R 2R
A)er B O Do B— ~ 133§ #de Figure 6a “+7 « £ m=10g~ M=2kg

. .. . . . H=5cm’> 3 @Bt~ B vE 5> ?
22. An object undergoes a motion in a straight line with

/" as a function of time t sketched in Figure 5c. Which of A) 1002 B)lSOE C)ZOOE D)ZSOE 5)3002
the following is incorrect? 5 5 s ] s

24. Consider the circuit shown in Figure 6b. What is the
equivalent resistance between point 1 and point 2?

A) 2 B)R 00X DR BT
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(a) Question 23
Figure 6
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25. A copper wire has a length of 1.5 m and a radius
of 0.5 mm. Given the Young’s modulus ¥ = 1.4 x
10" N/m?, what is the change of its length AL when the
wire is stretched by a force of 2000 N from one end, while
the other end being fixed? Choose the closest number (in
units of cm)

A) 33 B)y30 C)27 D)24 E)21

—AFRE RS 1S5Sm~ LG5S 0.5 mm > R GES Y=
1.4x1011Nm2 - ¢ # - =4% 7 > ¥ - 24X 2000N e
a4 BFREAERALL F 0 2 EH SR ITOERS
(B =35 20 )

A) 33 B)30 C)27 D)24 E)21



2023 # =L N B —"ﬁtﬁ-".“% — 12
38" NCKU Science and Mathematics Competition 2023 — Physics

(b) Question 24



