Solutions for the OAPT Physics Contest 2003

Foreword:

The following solutions were prepared by Rolly Meisel, rollym@vaxxine.com. Comments or errors are solicited. Also solicited are contributions for the OAPT Physics Contest for 2004. We are looking for questions that match the expectations of the Ontario Grade 11U physics course. Questions that require long strings of calculations or substitution into memorized formulas are less effective than those that require an insight into physical principles and an understanding of the concepts.

Forces and Motion
1) A sled  is pulled along the ground at a steady speed of 2.0 m/s. The forces acting on the sled include

A) the applied force.   B) the force of gravity. C) the force of friction. D) the normal force. E) all of these.

Solution
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2) A light aircraft was trying to set a class speed record over a square closed course of side length 150 km. A steady wind of 50.0 km/h was blowing from the west. The pilot applied wind correction angles such that the aircraft did not leave the prescribed course.  If the aircraft took 1.50 hours to fly the course, what was its average speed over one complete circuit of the course? 
A) 350 km/h   B) 375 km/h   C) 400 km/h   D) 425 km/h   E) 450 km/h

Solution
3) Two identical arrows A and B were fired from the roof of a school. Arrow A was fired upwards with a speed of 10 m/s, while arrow B was fired downwards with a speed of 10 m/s. Which statement is correct regarding the speeds with which the arrows hit the ground? Ignore air resistance.

A) vB > vA       B) vB = vA       C) vA < vB < 2vA      D) vB = 2vA       E) vB > 2vA
Solution
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4) The graph represents displacement vs time for an object moving in a straight line. Which of the following spark timer patterns best represents the motion? In each case, the beginning of the tape is on the left side, and the time intervals between all dots are equal.

A) ●  ●    ●     ●      ●       ●       ●       ●       ●       ●      ●     ●    ●   ●  ●

B) ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●

C) ●  ●   ●    ●     ●      ●       ●        ●         ●          ●           ●            ●

D) ●  ●   ●    ●     ●      ●       ●        ●        ●        ●        ●        ●        ●

E) ●            ●          ●        ●      ●    ●  ●    ●      ●        ●          ●           ●
Solution
5) A football player catches a football. During the catch, which of the following is true?

A) The player exerts a greater force on the ball than the ball exerts on the player. 

B) The ball exerts a greater force on the player than the player exerts on the ball.

C) The player exerts the same amount of force on the ball as the ball exerts on the player. 

D) The player exerts a force on the ball, but the ball does not exert a force on the player. 

E) If the player is stationary the ball exerts a force on the player, but the player does not exert a force on the ball.

Solution
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6) The path of a golf ball is shown from the point A just after it starts, through the maximum height at point C to the point D just before it lands. At which point is the ball’s velocity vector changing most rapidly?

A)  A   B)  B   C)  C   D)  D   

E) It is changing at the same rate at all the above points.

Solution
Energy, Work and Power
7) How much work is done by a 65 kg cyclist riding a 13 kg bicycle in speeding up from 5.0 m/s to 8.0 m/s?

A) 20 J   B) 1.2 x 102 J   C) 2.5 x 102 J   D) 1.3 x 103 J   E) 1.5 x 103 J

Solution
8) A boy was swinging on a swing with ropes of length of 2.5 m. The maximum horizontal distance of the swing from its rest position was 1.2 m. Ignoring friction, how fast was the boy moving at the lowest point?   

A) 2.5 m/s   B) 6.1 m/s   C) 6.6 m/s   D) 7.0 m/s   E) 43 m/s

Solution
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9) Two identical bricks are lifted such that the first brick is twice as high as the second one. Then both are dropped. When the first brick strikes the ground its kinetic energy at impact is 

A) half as much as the kinetic energy of the second at impact.

B)  the same as the kinetic energy of the second at impact.

C) twice as much as the kinetic energy of the second at impact.

D) three times as much as the kinetic energy of the second at impact.

E) four times as much as the kinetic energy of the second at impact.

Solution
10) The weight of a bicycle with its rider is 800 N. A spring balance attached to the bicycle was used to pull it along at a constant speed of 5.0 m/s. The reading on the spring balance was 10.0 N. The power required to keep the bicycle moving at this speed was

A) 4.0 x 102  W.   B) 50 W.   C) 10 W.   D) 2.0 W.   E) cannot be determined.

Solution
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11) Two identical blocks of mass m are placed on frictionless planes as shown. The pulleys are massless and frictionless, and the hanging masses are identical. Both systems are freed, and the hanging masses both fall a distance d. At this distance d, for the kinetic energies of the two systems P and Q we can be sure that: 
A) EkQ < EkP.   B) EkQ = EkP . C) EkQ > EkP .  D) EkQ = mgd.  E) the relationship between EkQ and EkP cannot be determined.

Solution
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12) A child has a choice of three frictionless slides along which to slide to the ground. His speed at the bottom of the slide is the:

A) fastest for slide X.   B) fastest for slide Y.   C) fastest for slide Z.

D) the same for all three slides.   E)  the slowest for slide X.

Solution
Waves and Sound
13) If a pendulum clock is running slow, you could correct the time by 

A) increasing the mass density of the pendulum, keeping its length the same.

B) decreasing the mass density of the pendulum, keeping its length the same.

C) increasing the length of the pendulum, keeping its mass the same.

D) decreasing its amplitude.

E) decreasing the length of the pendulum, keeping its mass the same.

Solution
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14) A long tube open at both ends was held vertically with one end under water as shown. A tuning fork of frequency 430 Hz was struck and held over the upper open end of the tube. As the tube was lifted, successive loud sounds were heard at h = 60 cm and h = 100 cm. Given that the speed of sound in air is 332 m/s at 0° C and increases at 0.6 m/s per Celsius degree, what was the temperature of the air in the tube?

A) 
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Solution
15) A piano tuner sounded a tuning fork of frequency 440 Hz and struck the A string on a piano. He heard a beat frequency of 2 Hz. He used his tuning hammer to increase the tension of the string, and struck it again with the fork. This time he heard a beat frequency of 3 Hz. We can be certain that:

A) the tension in the string should have been decreased, not increased.

B) the string is getting closer to the correct tuning, and the tension should be increased more.

C) the tuner has increased the tension past the desired tuning, and should now decrease the tension.

D) either A) or C) is correct.

E) the string is defective, and cannot be properly tuned.

Solution
16)  A motionless train emits a sound at a frequency of 1000 Hz. An observer in a moving car hears a frequency of 1100 Hz. If the velocity of sound in air is 340 m/s, the car is moving 

A) towards the train with a velocity 34 m/s.     B) away from the train with a velocity 34 m/s.

C) away from the train with a velocity 31 m/s.  D) towards the train with a velocity 31 m/s.

E) cannot be determined.

Solution
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17) A student tied a rope to a wall, and moved the free end up and down at a frequency of 2.5 Hz. A pattern of standing waves formed as shown. What was the speed of these waves?

A) 2.5 m/s   B) 4.0 m/s   C) 4.8 m/s   D) 6.4 m/s   E) 8.0 m/s

Solution
Light and Geometric Optics
18) Which of the following quantities always stay(s) constant when light travels from one medium to another?

A) wavelength   B) speed   C) frequency   D) phase   E) all of these

Solution
19) When you stand in front of a window at night in a lighted room, you can see lighted objects outside, as well as an image of yourself. The latter is due to

A) total internal reflection.   B) dispersion.   C) partial reflection.   D) refraction.   E) all of these.

Solution
20) A diverging lens has a focal length of -0.100 m. Distances are measured from the optical centre of the lens. John wishes to use this lens to create an image twice the height of the object. Which of the following statements is correct. He will be successful if he places the object

A) 0.12 m on the same side as the desired image.   B) 0.12 m on the side opposite the desired image.

C) 0.10 m on the same side as the desired image.   D) 0.10 m on the side opposite the desired image.

E) He will never be successful.

Solution
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21) In the diagram a parallel light beam enters a box. What is the best combination of shape and position for a glass lens inside the box?

A) diverging lens at position 1   B) diverging lens at position 3

C) converging lens at position 1  D) converging lens at position 2

E) converging lens at position 3 

Solution
22) While picking up a pair of eyeglasses dropped by a friend, you notice that they form an inverted image of the background and that the image is stretched horizontally as well. Your friend suffers from

A) myopia and astigmatism.   B) hyperopia and astigmatism.   C) myopia only.   D) hyperopia only.   E) astigmatism only.

Solution
Electricity and Magnetism
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23) Two hollow cardboard tubes, T1 and T2, were wound with wire and connected as shown in the diagram. Magnet M2 was suspended over the centre of tube T2 by a string. The north pole of magnet M1 was plunged into tube T1. While magnet M1 is moving

A) the tension in the string will decrease.   B) the tension in the string will increase.

C) magnet M2 will swing to the left.   D) both A) and C) will occur.   E) both B) and C) will occur.

Solution
[image: image42.png]


24) The circuit shown consists of a battery, two fixed resistors R1 and R3, and an adjustable resistor R2. The potential differences across the three resistors are V1, V2, and V3. If the resistance R2 were to be increased, which of the potential differences would also increase?

A) V1 only   B) V3 only   C) V1 and V3 only   D) V1 and V2 only   E) all three

Solution
25) Five 1
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 resistors were connected in series. Five strings like this were constructed and then connected in parallel. The total effective resistance of the 25 resistors was

A) 25
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.   C) 1
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Solution
26) An electric motor with an efficiency rating of 40% was connected to a 500 V power supply, and used to pump 1.0 tonne of water up from a well 120 m deep over a period of 5.0 minutes. The average current through the motor was

A) 0.47 A.   B) 7.8 A.   C) 20 A.  D) 470 A.    E) 590 A. 

Solution
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27) A transformer was made by winding 60 turns around the primary coil and 180 turns around the secondary coil as shown. The primary coil was connected to a 120 volt direct current power supply. The voltage at the secondary coil is

A) 360 V DC.   B) 120 V DC.   C) 40 V DC.   D) 360 V AC.   E) 0 V.

Solution
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28) Six identical lamps were wired to a power supply as shown. If wires X and Y are removed, then

A) lamps 3, 4, 5 and 6 will dim.   B) lamps 1 and 2 will dim.   C) all six lamps will dim.

D) all six lamps will brighten.   E) nothing will change.

Solution
Nobel Prize/Current Events
29) The Nobel Prize for Physics in 2002 has been awarded to three scientists for their research in X-ray astronomy and neutrinos. Which of the following names is connected with the X-ray telescope?

A) Kamiokande   B) Chandra   C) CHARA   D) SNO   E) CERN

Solution
30) A new generation of ultrahigh-power tabletop lasers produce the highest light intensities on Earth, re-creating the extreme conditions in stars and near black holes. They can deliver 10 terawatts in a pulse lasting 100 femtoseconds. "tera" and "femto" mean, respectively   
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Solution
Solutions

1) Solution

The sled is being pulled by the applied force. Gravity is pulling down on the sled. The ground is supporting the sled with a normal force. Since the speed is constant, there must be a friction force. The correct answer is E) all of these.

Back
Top
2) Solution

Since the airplane followed the course exactly, it traveled a distance of 600 km in 1.50 h. Therefore, it’s average speed was C) 400 km/h.

Back
Top
3) Solution

Arrow A will slow down as it moves upwards, come to a stop, and then speed up as it comes back down. If there is no air resistance, it will reach a speed of 10 m/s as it passes the height at which it was fired upwards. From this point on, its motion is just like arrow B. As a result, it will hit the ground with the same speed. Answer B).


Back

Top
4) Solution

According to the graph, the object accelerates for approximately the first third of the time, holds a constant speed for the second third of the time, and decelerates for the last third of the time. The dots on the spark timer tape should get farther apart for the first third, remain a constant distance apart for the second third, and get closer together for the last third. This matches answer A).
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Top
5) Solution

Since we are considering the interaction force between two bodies, Newton’s Third Law of Motion applies. The force exerted by the player on the ball is equal to the force exerted by the ball on the player. Answer C).
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Top
6) Solution

Since the ball is in free flight, the only force acting on it is gravity. Since the force is constant, the ball’s acceleration is constant, and the velocity vector is changing at the same rate throughout the flight. Answer E).
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Top
7) Solution

The correct answer is obtained by subtracting the initial kinetic energy from the final kinetic energy. Answer E). It is tempting, but incorrect, to calculate the work done using 
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8) Solution

A sketch of the geometry of the situation is shown. This allows you to calculate x and h. The kinetic energy at the bottom of the swing must equal the potential energy at height h. Therefore, 
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. The answer is A) 2.5 m/s.
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9) Solution

While in the air, each brick has a potential energy given by 
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. Since h is twice as large for one of the bricks, it has twice the potential energy. When it strikes the ground, it will have twice the kinetic energy of the other brick. Answer C).
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Top
10) Solution

A force of 10.0 N acting over a distance of 5.0 m does 50 J of work. Since this happens every second, the power developed is 50 W. Answer B).

Back
Top
11) Solution

Since both hanging masses fall the same distance, both are subject to the same decrease in potential energy. In system P, all of the potential energy is changed into the kinetic energies of the two blocks. In system Q, some is also changed into increasing potential energy of the block sliding up the incline. Therefore, the kinetic energy of system Q must be less than the kinetic energy of system P. Answer A).

Back
Top
12) Solution

The change in potential energy for all three slides is the same. The child will have the same kinetic energy at the bottom of each slide. Answer D).

Back
Top
13) Solution

The period of a pendulum does not depend on the mass density of the bob or the amplitude. Decreasing the length will decrease the period, making the clock run faster. Answer E).

Back
Top
14) Solution

The standing waves formed in the air column have a node at the waterline and an antinode near the open end. The length of the air column must be one-quarter of a wavelength for the first possible loud sound, and three-quarters of a wavelength for the second loud sound. Subtracting these and multiplying by 2 gives you the wavelength. From the wavelength and frequency, you can use the Universal Wave Equation to calculate the speed of the sound. Subtract 332 m/s and divide by 0.6 to obtain the ambient temperature of D) 20(C.

Back
Top
15) Solution

A beat frequency of 2 Hz indicates that the piano string had a frequency of either 438 Hz or 442 Hz. Increasing the tension will increase the frequency. It is possible that the original frequency was 442 Hz, and the tuner increased the frequency to 443 Hz, giving the new beat frequency of 3 Hz, or answer A). It is also possible that the original frequency was 438 Hz, and the tuner increased the frequency past the desired frequency of 440 Hz to 443 Hz, or answer C). The best answer is D).

Back
Top
16) Solution

The wavelength of the waves can be calculated using the Universal Wave equation as 0.340 m. Since the observer in the car hears a frequency of 1100 Hz, the relative speed of the waves must be 374 m/s, again using the Universal Wave Equation. The car must be driving towards the train at 34 m/s. Answer A).

Back
Top
17) Solution

Two loops form one wavelength of 3.2 m. Use the Universal Wave Equation to determine the correct answer of E) 8.0 m/s.

Back
Top
18) Solution

Only the frequency stays the same, answer C). Speed, wavelength, and phase can all change with a change of medium.

Back
Top
19) Solution

Light can leave its source, reflect from your body, and reach the window. The glass surface will transmit some of the light outside (where an observer outside your house can see you), and some is reflected to you, allowing you to see an image in the window. Answer C).

Back
Top
20) Solution

A diverging lens always produces an image which is smaller than the object. Answer E).

Back
Top
21) Solution

If you back-trace the rays leaving the box, they can only have come from a converging lens at position 3. Answer E).

Back
Top
22) Solution

Since the image is inverted, the lens is a converging lens, which is used for hyperopia. Since the image is horizontally stretched, astigmatism is also present. Answer B).

Back
Top
23) Solution

Lenz's Law predicts that the induced electromagnet in the left-hand coil will have a north pole at the top. The Left Hand (or Right Hand) Rule shows that electrons flow through the wires such as to create a north pole at the top of the second coil. This will attract the south pole of the hanging magnet straight down, increasing the tension in the string. Answer B).

Addendum: After these solutions were posted, a couple of sharp-eyed students emailed the author to point out that the coils are close enough together that direct interaction between the plunging magnet and the hanging magnet cannot be ignored. This makes answer E) also possibly correct. The author pleads mea culpa. When the question was constructed, the coils were shown much further apart. However, when the 30 questions were compressed to fit into the allowed three pages, the coils ended up much closer together. Alas, the error was not caught until after the contest was over. My apologies.
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Top
24) Solution

Increasing the resistance of R2 will increase the resistance of the parallel pair R1 and R2. The voltage drop across this pair will increase accordingly. Answer D).
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25) Solution

Five 1
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 resistors connected in series will have a total effective resistance of 5
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. If five of these 5
[image: image27.wmf]W

strings are connected in parallel, the total effective resistance will be 1
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. Answer C).
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26) Solution

The power required to lift the water equals the potential energy gained by the water divided by the time.
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Since the motor is only 40% efficient, divide this by 0.40 to obtain the electric power input to the motor.
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Since 
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, the current is 20 A, to two significant digits. Answer C).
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27) Solution

Since direct current was connected to the primary coil, there will only be a small spike in the secondary coil when the connection is made. The long-term volage across the secondary coil is E) 0.0 V.

Back
Top
28) Solution

Since all six lamps are identical, wires X and Y connect points of equal potential, and no current flows in these wires. Removing them will change nothing. Answer E).

Back
Top
29) Solution

The correct answer is B). Information on Nobel Prize winners in physics can be found in many places. One such is

http://almaz.com/nobel/physics/physics.html
Back
Top
30) Solution

The correct answer is B). Information on SI prefixes can be found in most physics texts, or at web sites such as

http://physics.nist.gov/cuu/Units/prefixes.html
Back
Top
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