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1. Answer the following questions.

(1) A small ball is thrown vertically upward from the ground with speed vy.
The acceleration of gravity is denoted by ¢. Find the speed of the ball
when it passes a point at a height A from the ground.

(a) o} - 2gh (b) v} +2gh (c) y2gh
(d) vg—gh (e) v+ gh (f) v




(2) As shown in Fig. 1-1, one end of a string of length [ is fixed at point O
and a small ball of mass m is attached to the other end. The small ball is
moving in a uniform circular motion in the horizontal plane. The angle
between the string and the vertical direction is €, and the acceleration
of gravity is denoted by g. Find the magnitude of the tension F' of the
string pulling the small ball and the period T of the circular motion.
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(3) As shown in Fig. 1-2; in a uniform magnetic field with a flux density of
3.0 T, a conducting wire with a length of 0.10 m is placed at 60° to the
magnetic field and a current of 2.0 A is applied. Find the magnitude of
the magnetic force on the wire.
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Fig. 1-2

(4) An infinitely long straight conducting wire has a uniformly distributed
charge of p per unit length. Find the magnitude of the electric field at
a distance r from the wire. The proportionality constant of Coulomb’s
law is denoted by k. Note that k and the dielectric constant of vacuum

gg are related by k£ =

471'50'
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(5) As shown in Fig. 1-3, there is a point light source P at a depth A in a
liquid of refractive index n. The refractive index of air is 1. We want
to float an opaque disk with the center at point O directly above the
point light source on the liquid so that no light leaks into the air. Find
the minimum radius r of the disk.

(a) Z (b) o (c) vn?2—1h

(d) nh () —— (6) VaZ+ih

Fig. 1-3



. An object with mass m is launched from point O at an angle § (0 < 6 < 7/2)
with respect to the ground and a velocity v(> 0) at time ¢ = 0 as shown
in Fig. 2. The z-axis and y-axis are taken in the horizontal and vertical
directions, respectively. The acceleration of gravity is denoted by g. Answer
the following questions.

(1) The object reaches its highest point at time ¢ = ¢y. Find time .

vcosf v vsin 6
(a) p (b) p (c) .
(@) v sin 20 (e) v cos 260 () v

g g 29

(2) When the object reaches its highest point, its x coordinate is a. Find
the correct formula for a.

v2sin?0 v2cos?d v2sin®0
a b C
(a) P (b) P (c) J
v2cos®0 v? v?sin @ cos 6
(d) () — ) —
g g g

(3) Find the y coordinate of the highest point.

(a) v28in’6 v2cos?6 v2sind
a

(b)

29 2g 2g
v? cos 6 v2sin 6 v? cos
d e f
W e @ H

(4) The object hits the ground at = = b. Find the correct formula for b.

202 sin 6 202 cos 6 v2siné
a b _— c
(a) g (b) g (c) p
v? cosf 202 sin @ cos 0 202
d e - f —
(d) p (e) p (f) p

(5) When 6 = 6, b takes the maximum. Find the angle 6.
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3. As shown in Fig. 3, a uniform magnetic field of magnetic flux density B is
applied vertically from front to back to a sufficiently wide region ABCD. A
charged particle of mass m and charge ¢ enters region ABCD from point F
perpendicular to AB with a speed v. The charged particle moves as shown
in the figure and exits the region from point G perpendicular to AB. Answer
the following questions.

(1) Find the correct one for the charge g and the speed v’ at point G.

/ /

(@) ¢>0, v>v (b) ¢>0, vV=v (¢) ¢>0, v <w
/

(d) ¢<0, v>v (e) ¢<0, v=v () ¢<0, v <w

(2) Find the magnitude of the Lorentz force on the particle.

@ - o - © B
@ 2 © L 0 @B

(3) Find the direct distance L between points F and G.

m 2m muv

(a) quB (b) qviB (c) qu
2mu muv 2mB

@ © ez M

(4) Find the time for the particle to move from point F to point G.

mm 2mm mm

(a) 2qu (b) qu (c) qu
d m 2m ¢ m
(d) (BT (e) E (f) qTB



(5) In a similar manner, a particle with three times of mass m and twice
of the charge ¢ enters region ABCD from point F perpendicular to AB
with a speed v, and exits the region from point G’ which is different
from point G. Find the direct distance between point F and point G’
using L obtained in the above question (3).
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4. A monatomic ideal gas with n moles is confined within a cubic container of
volume V = L3, as shown in Fig. 4. As shown in the figure, the 2-, y-, and
z-axes are taken along the sides of the cubic container. The gas comprises
N molecules, each with a mass of m. The system is in thermal equilibrium
at temperature 7. The universal gas constant is represented as R, and the
Boltzmann constant as k. Answer the following questions.

(1) The pressure exerted by the gas on the container walls is a result of the
molecules colliding with the walls. Consider a molecule in motion with a
positive z-component velocity of v,. Assuming an elastic collision, find
the change in momentum when this molecule strikes the wall parallel
to the y-z plane.

(a)  mu, (b)  muw,/2 (c)  v./2

(d) v, (e) 2vu, (f)  2mu,

(2) A molecule is in motion with a velocity v,, where v, is positive, as in
the previous question. Find the time interval between collisions of this
molecule with one of the two walls parallel to the y-z plane.

(a) 4L (b) 2L (© QL
@ © O

(3) Let the velocity of one molecule be (v,, vy, v,). Denoting the average
value of v2 by v2 and the average value of v? = v2 +v2 + v by v2, find
the pressure of the gas.

m— m— me2
@) o (b) v @ S
3mN — mN — mN —
2 2 2
(d) v e (e) Vi () vV

(4) Find the internal energy of the gas.
1
(4) nRT (b) 2nRT (©) gnRT

(d) nRT (e) 3nRT (f)  5nRT

(5) Find the root-mean-square speed, Vv2.
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5. As shown in Fig. 5-1, light with the wavelength A emitted from a light source
at A in the atmosphere is divided into two beams by the half-mirror at H.
The refractive index of the atmosphere is assumed to be 1. The half-mirror
is positioned at a 45-degree angle to the incoming light ray, One beam is
reflected off the half-mirror and then off the mirror at M;. Afterward, this
beam passes through the half-mirror and reaches the detector at B. The other
beam first passes through the half-mirror and is then reflected off the mirror
at My. Subsequently, this beam is reflected by the half-mirror and reaches
the detector at B. The distance between the half-mirror and the mirror at
M; is denoted by L. The distance to the mirror at My from the half-mirror
is denoted by Ly and is larger than L;. Answer the following questions.

(1) By adjusting the horizontal position of the mirror at My while maintain-
ing Lo > Ly, the difference Ly — L1 changes. The intensity of the light
observed at B is strongest when L, — L; = dy. Find the relationship
between A and d;. Here, p is an integer.

(a) dy =2p°\ (b) dy = p*\ (c) 2d; =p*\

(d) dy =2pA (e) dy=pA (f)  2d; =pA

(2) By increasing Ly — L; from dj, the intensity of the light observed at B
diminishes. By further increasing L, — L1, the light intensity is strongest
again at Lo, — L1 = dy. Find the correct expression for \.

@ 2-d) ) d-d © 50— d)

@) 2(d) —dy) (€ di—ds 6 (o)

We then place a rectangular glass with thickness w and refractive index n at
G, as shown in Fig. 5-2. The glass is positioned perpendicular to the light
beam and remains situated between the half-mirror and the mirror at My in
subsequent steps.

(3) The intensity of the light observed at B is strongest when Ly — L = ds.
Find the relationship between A\ and ds. Here, ¢ is an integer.

(a) dsz+nw =g\ (b)  2(d3+ nw) =g\
()  2(ds+w)=ng\ (d) ds+(n—1)w=qg\
(e)  2[ds+ (n—1)w] =g\ (f) 2(ds+w)=(n—1)gA
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(4) By increasing Ly — L; from d3, the intensity of the light observed at B
diminishes. By further increasing L, — Ly, the intensity of the light is
strongest again at Ly — Ly = d4. Find the correct expression for .

(a) n(dy—ds) (b)  2n(dy —d3) (¢) 2(dy—ds)

(d) (n=1)(ds—ds) (e) 2(n—1)(ds—ds) (f) 4(ds—ds)
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