HKPhO 香港物理競賽2005

The following symbols and constants will be used throughout the examination paper unless otherwise specified:
g – gravitational acceleration on Earth surface, 9.8 (m/s2)
G – gravitation constant, 6.67 x 10-11 (N m2/kg2)
e – charge of an electron, –1.6 x 10-19 (A s)
(0 – electrostatic constant, 8.85 x 10-12 (A s)/(V m)
me – electron mass = 9.11 x 10-31 kg
c – speed of light in vacuum, 3.0 x 108 m/s
Radius of Earth = 6378 km
Sun-Earth distance = 1.5 x 1011 m
Density of water = 1.0 x 103 kg/m3
Density of iron = 7.7 x 103 kg/m3
Density of mercury = 13.6 x 103 kg/m3
Speed of sound in air = 340 m/s
除非特別說明，本卷將使用下列符號和常數：
g – 地球表面重力加速度, 9.8 (m/s2)
G – 重力常數, 6.67 x 10-11 (N m2/kg2)
e – 電子電荷, –1.6 x 10-19 (A s)
(0 – 靜電常數, 8.85 x 10-12 (A s)/(V m)
me – 電子質量, 9.11 x 10-31 kg
c – 真空光速, 3.0 x 108 m/s
地球半徑 = 6378 km
太陽-地球距離 = 1.5 x 1011 m
水的密度 = 1.0 x 103 kg/m3
鐵的密度 = 7.7 x 103 kg/m3
水銀的密度= 13.6 x 103 kg/m3
空氣中聲速= 340 m/s
The following conditions will be applied 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 lower than the speed of light.
除非特別說明，本卷將使用下列條件：
1) 所有物體都處於地球表面，重力向下；
2) 忽略空氣阻力；
3) 所有速度均遠低於光速.
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[1] Refer to the figure, rectangle PQRS represents the cross-section of a uniform magnetic field region of 0.20 T. An electron is projected at a speed of v = 2.0 ( 106 m/s into the region at an angle of 30( to the direction of the magnetic field. The length of the magnetic field region is 0.01 m. Find the number of revolutions made by the electron before it leaves the magnetic field region.
(a)
28
(b)
16
(c)
9
(d)
6
(e)*
32
Solution:

Take the usual coordinate system, the magnetic field (along the x-direction) will exert the Lorentz force on the electron in motion, 
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, since the motion parallel to the B-field does not contribute to the Lorentz force. So, along the x-direction the electron is moving at constant speed 
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. The time the electron spent in the B-field region is 
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In the plane perpendicular to the x-axis the electron is moving in a circle with speed 
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. The concentric force of the circular motion is provided by the Lorentz force, so 
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, where R is the radius of the circle. The period is 
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. So the number of revolution is N = t/T = 32 (Choice e)
[2] [image: image56.emf]A loudspeaker L is placed in the hall with two doors D1 and D2 open to the playground, as shown below. The distance between D1 and D2 is 8.5 m. The loudspeaker L is at equidistance from D1 and D2. Monotonic sound waves are emitted from the loudspeaker, and it is found that at point P which is 6.0 m from D1 and at point Q the sound intensities are minimum. The line joining D1, P and Q is perpendicular to the line joining D1 and D2. No other minimum intensity locations can be found between PQ and beyond Q along the PQ line. Find the frequency of the sound wave generated by the loudspeaker.
(a)
17 Hz

(b)
41 Hz

(c)
52 Hz

(d)*
116 Hz
(e)
123 Hz
Solution:
At the minimum intensity locations the sound waves from D1 and D2 interfere destructively. Since point-Q is the furthest location, 
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. From the last equation we get the wavelength 
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(m). Given the speed of sound = 340 m/s, we get the frequency 
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[3] Each of the four cells shown has an emf of 3.0 V and a 0.0075-( internal resistance. Find the current through the 3-( resistor.
(a)
0.97 A

(b)
0
(c)*
1.95 A
(d)
0.48 A

(e)
3.23 A
Solution:

The current I through the 3-( resistor is twice the one through each battery. So
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, which leads to answer-c

[4] A parallel plate capacitor of capacitance C is charged to potential V by a battery. The battery is then disconnected. Which statement is correct?
(a)

There is no charge on either plate of the capacitor. 
(b)
The capacitor can be discharged by grounding any one of its two plates. 
(c)
Charge is distributed evenly over both the inner and outer surfaces of the plates. 
(d)
The magnitude of the electric field outside the space between the plates is approximately zero. 
(e)
The capacitance increases when the distance between the plates increases. 
Solution:
(a) is wrong because there is charge on the plate. (b) is wrong because one must ground BOTH plates to discharge the capacitor. Connecting one plate to ground still leaves the charge on the other plate. (c) is wrong because charge is only in the inner surfaces. (d) is correct because the E-field is mostly concentrated in the space between the plates. (e) is wrong because increasing the plate distance will decrease the capacitance.
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MC-7

A magnetic bar is in front of a coil as shown below. The line joining the center of the bar and the center of the coil (central axis) is perpendicular to the plane of the coil. Which of the following motions of the bar will NOT induce electric current in the coil?

(A) Translational motion back and forth.

[image: image12]
(B) Translational motion up and down.
 

[image: image13]
(C) *The bar axis is at an angle to the central axis and spins around it.   
[image: image14]
(D) The bar axis swings back and forth about the central axis within the paper plane. 
[image: image15] 

(E) The bar spins around an axis in the paper plane.

[image: image16]


Solution:

The key is to see which motion leaves the magnetic flux through the loop unchanged. Answer-c.

MC-8

[image: image58.emf]A coil is moving towards a straight long wire carrying a steady electric current. The wire and the motion are within the plane of the coil. The force exerted by the wire on the coil is in the direction ___.
(A)* away from the wire
(B) towards the wire


(C) into the paper plane
(D) out of the paper plane

(E) upwards

Solution:

The force will always be in such a direction that it opposes the motion of the loop. For detail analysis, assume the current in the wire is upwards so the B-field at the loop is pointing into the paper plane. As the B-field near the wire is stronger, the flux through the loop increases, which induces a current in the loop to counter it. In this case the current in the loop must produce a magnetic field in the opposite direction of the wire, so the current is counterclockwise, which leads to the net force as indicated by answer-A. You may assume the current in the wire being downwards and still reach the same answer.
MC-9
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A battery is connected to a solenoid and a light bulb in parallel. When the switch is opened, the light bulb ___.
(A) remains off

(B) instantly goes off

(C) slowly dims out

(D) keeps burning as brightly

(E) *flares up brightly, then dims and goes off
Solution:

Originally the current from the battery all goes through the solenoid and the bulb is off. When the switch is open, the current in the solenoid cannot go to zero suddenly, so it flows through the bulb. The current then decays as there is no battery to sustain it, so the bulb dims and goes off eventually. Answer-E.

MC-11

You have a manual camera with a focal length of 5cm. It is "focused" at infinity, but you want to take a picture of an object that is only 30cm away. What should you do? 
(A) *Move the lens out by about 1 cm 

(B) Move the lens out by about 5 cm

(C) Decrease the distance between the lens and the film by about 1 cm (move the lens in)

(D) Decrease the distance between the lens and the film by about 5 cm (move the lens in more)
(E) None of the above
Solution:

The lens is originally at 5 cm from the image plane of the camera. Using the lens formula 
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, an object at u = 30 cm from the lens will have an image at v = 6 cm, so the lens should be moved 1 cm forward. Answer-A.
MC-12

As shown below (not drawn to the proportion), the focal lengths of both lens-1 and lens-2 are 10 cm. If a third lens identical to lens-1 is added while maintaining the image position unchanged, where should the lens be placed?


[image: image18]
(A) Between object and lens-1, 10 cm from lens-1

(B) At the middle point between lens-1 and lens-2

(C) *Between lens-1 and lens-2, 20 cm from lens-1

(D) Between lens-1 and lens-2, 20 cm from lens-2

(E) Between lens-2 and image, 10 cm from lens-2

Answer:

The image of the object due to lens-1 is the object of lens-2, which forms the final image. To leave the final image unchanged, the third lens must be placed at the position of the image of lens-1, which is 20 cm from lens-1. (Answer-B)

MC-13

As shown in the right figure, a point light source is placed at distance 2f from a lens with focus length f, and a screen is placed at 4f from the lens. The lens is then cut at the middle into two equal portions: upper half and lower half. The upper half is moved upwards by a small distance d comparable to the light wavelength, and the lower half is moved downwards by the same distance d. What is the light pattern on the screen?
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(A) *Bright and dark stripes similar to the pattern seen in Young’s double slit experiment

(B) Bright and dark concentric rings

(C) Two large, bright, and partly overlapping patches

(D) Two separate bright spots

(E) A large and nearly uniform light patch
Solution:
The two half lenses function like two lenses, which form two images from the point source. The light from the two images then interfere and the interference pattern can be seen on the screen. (Answer-A) 

MC-18

A heart shaped conductor shown below carries net charge Q. Which of the statement about the electric field E and the surface charge density ( below is correct?

(A) [image: image61.emf]E strongest and ( smallest at position-1

(B) *E strongest and ( highest at position-1

(C) E weakest and ( highest at position-2

(D) E strongest and ( highest at position-3

(E) E strongest and ( highest at position-2

Solution: E is proportinal to (, which is proportional to the curvature of the surface. Sharp shapes have larger curvature and flat planes have zero curvature. Answer-B.
MC-19

A second conductor identical to the first one, originally carrying no charge, is brought to contact with the first one which carries charge Q. In which way will the second conductor receive most amount of charge?


[image: image19]
(E)
*none of the above

Solution: In all cases the charge will be evenly divided among the conductors.

Open Problems 
Q1 (8 points)
On a smooth and insulating ring of radius R there is a small ring of mass m and carrying charge q. The large ring is placed horizontally and in a uniform magnetic field of strength B0 and perpendicular to the ring plane. Starting from t = 0, the magnetic field is changed to
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. Find the force of the small ring on the big ring afterwards.
Q1 (8 points)
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[image: image62.emf]Q3 (8 points) 
The shaded area in the figure is the side view of a disk shaped magnetic field region of radius R and thickness d. A parallel electron beam being accelerated by a voltage V is normally incident onto the region. Find the spatial distribution of the magnetic field (magnitude and direction) in the region such that the beam is focused to a point along the disk central axis at a distance L (>> R) from the disk. Your answer could also include the electron mass and charge.
Solution:

As the disk is very thin, the trajectories of the electrons are still nearly horizontal. One hopes that after the electrons leave the B-field region at distance r from the disk axis, they will have a small velocity component 
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Time in disk region is 
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The impulse an electron receives from the B-field in the disk region is, if the B-field is concentric around the axis,
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where 
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Q6 (13 points)
As shown, L1 and L2 are two thin lenses sharing the same optical axis and 30 cm apart. The focus length of L1 is 10 cm, its radius 4.0 cm, and the focus length of L2 is 5.0 cm, and its radius 2.0 cm. AB is a bright disk object of radius 2.0 cm and 20 cm from L1. (a) Find the position of the screen so that a clear image of the disk is formed. (b) The edge of the image is found to be dimmer than the center. Why? (c) In order make the image uniformly bright on the screen, a third lens is added. Find the position, focus length, and radius of the lens.

[image: image37]
Solution:
(a) Using the lens formula, (1’) 

the image of AB after L1 is at 20 cm after L1 and 10 cm from L2. 

(1’)


The image after L2 is at 10 cm from it. That is where the screen should be. (1’)

[image: image38.png]



(b) All the light from the center point of AB that passes through L1 will get through L2. 

(1’)

For the light from point-A which passes through the edge of L1, using graphic method one can show that it will not pass through L2 so it will not reach the image on the screen. Only the light through the central area of L1 will pass L2 and reach the screen. So the central image is brighter than the edge.
(2’)
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Alternatively, the image of L2 by L1 is at 15 cm from L1 to the left. 
(1’)

Its size is 2 x 15/30 = 1 cm






(1’)

Light from the edges of object AB can reach L1 without going through the image of L2, and the same conclusion as above is reached.
(c)
To keep the image on the screen, L3 must be placed at the image of AB after L1.
(2’)

To allow all light pass, the size of L3 must be at least that of the AB image, which is 2 cm in radius.

 (2’)

To determine the focus length, one may use graphic method and geometry. 
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This is equivalent to require the image of L2 formed by L3 to coincide with L1. The focus length is then 6.67 cm.
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Q-4 (8 points)
A typical Young’s double spit experiment setting is shown to the right (not drawn to the proportion). The solid curve represents the light intensity on the screen when only the lower slit is open, and the dashed curve represents the light intensity observed when only the upper slit is open. Draw a curve that qualitatively represents the light intensity on the screen when both slits are open, and briefly explain your answer (< half a page). 
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Solutions:

Take the coordinate x on the screen along the direction perpendicular to the slits, then at any point on the screen, the E-field from the wave through the upper slit is
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, where d1 is the distance from point-x to the upper slit, and 
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Similarly,
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, where 
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is given by the solid curve, and d2 is the distance between x-point and lower slit. (1 point) 

Note that d2 – d1 = xd/L, where L is the distance between slit and screen, and d is the distance between the two slits, and x is measured from the mid-point on the screen. (1 point)

When both slits are open, the total E-field at any point on the screen is then
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(1 point)

The light intensity is
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(2 points)

The actual light curve is show below.
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Q-6 (10 points)
In classical hydrogen atom model an electron is circling around the nucleus like Earth revolving around the sun, except that the force between the electron and the nucleus is due to the electric field. However, an electron under acceleration also emits electromagnetic waves, and its radiation power is given by
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, where a is the acceleration of the electron. Given the radius of the circular orbit R, find the radiation power W, and compare that with the kinetic energy E of the electron. Assuming that it roughly takes t = E/W for the electron to loose all its energy and R = 5.0 × 10-11 m, what would be the lifetime of a hydrogen atom before it becomes a neutron?
Solution:

The Coulomb force keeps the electron going around the nucleus, 
[image: image49.wmf]22

2

0

4

ev

am

RmR

pe

==

. One can show that the kinetic energy is half of the potential energy which is negative, so the total energy is 
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 (3 points)
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 (2 points)
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