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1997B1.  A 0.20 kg object moves along a straight line. The net force acting on the object varies with the object's displacement as shown in the graph above. The object starts from rest at displacement x = 0 and time t = 0 and is displaced a distance of 20 m. Determine each of the following.


a.    The acceleration of the particle when its displacement x is 6 m. 


b.    The time taken for the object to be displaced the first 12 m. 


c.    The amount of work done by the net force in displacing the object the first 12 m. 


d.    The speed of the object at displacement x = 12 m. 


e.    The final speed of the object at displacement x = 20 m. 


f.    The change in the momentum of the object as it is displaced from x = 12 m to x = 20 m


�


1997B2.  To study circular motion, two students use the hand�held device shown above, which consists of a rod on which a spring scale is attached. A polished glass tube attached at the top serves as a guide for a light cord attached the spring scale. A ball of mass 0.200 kg is attached to the other end of the cord. One student swings the teal around at constant speed in a horizontal circle with a radius of 0.500 m. Assume friction and air resistance al negligible.


a.    Explain how the students, by using a timer and the information given above, can determine the speed of the ball as it is revolving.


b.    How much work is done by the cord in one revolution?   Explain how you arrived at your answer.


c.    The speed of the ball is determined to be 3.7 m/s.   Assuming that the cord is horizontal as it swings, calculate the expected tension in the cord.


d.    The actual tension in the cord as measured by the spring scale is 5.8 N.  What is the percent difference between this measured value of the tension and the value calculated in part c.   ?


e.    The students find that, despite their best efforts, they cannot swing the ball so that the cord remains exactly horizontal.


	i. On the picture of the ball below, draw vectors to represent the forces acting on the ball and identify 


	   the force that each vector represents.
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	ii. Explain why it is not possible for the ball to swing so that the cord remains exactly horizontal.


	iii. Calculate the angle that the cord makes with the horizontal.
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1997B3.  A rigid rod of mass m and length l is suspended from two identical springs of negligible mass as shown in the diagram above. The upper ends of the springs are fixed in place and the springs stretch a distance d under the weight of the suspended rod.


a.    Determine the spring constant k of each spring in terms of the other given quantities and fundamental constants.
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As shown above, the upper end of the springs are connected by a circuit branch containing a battery of emf ( and a switch S so that a complete circuit is formed with the metal rod and springs.  The circuit has a total resistance R, represented by the resistor in the diagram.  The rod is in a uniform magnetic field directed perpendicular to the page. The upper ends of the springs remain fixed in place and the switch S is closed. When the system comes to equilibrium, the rod is lowered an additional distance (d.


b.    What is the direction of the magnetic field relative to the coordinate axes shown on the right in the previous diagram?


c.    Determine the magnitude of the magnetic field in terms of m, Q, d, (d, (, R, and fundamental constants.


d.    When the switch is suddenly opened, the rod oscillates. For these oscillations, determine the following quantities in terms of d, (d, and fundamental constants:


	i. The period


	ii. The maximum speed of the rod


�
1997B4.  Three identical resistors, each of resistance 30 ( are connected in a circuit to heat water in a glass beaker.   24 V battery with negligible internal resistance provides the power.


a.    The three resistors may be connected in series or in parallel.


	i. If they are connected in series, what power is developed in the circuit?


	ii. If they are connected in parallel, what power is developed in the circuit?


b.    Using the battery and one or more of the resistors, design a circuit that will heat the water at the fastest rat when the resistor(s) are placed in the water.  Include an ammeter to measure the current in the circuit and a voltmeter to measure the total potential difference of the circuit.  Assume the wires are insulated and have no resistance.  Draw a diagram of the circuit in the box below, using the following symbols to represent the components in your diagram.


��


c.    The resistor(s) in the circuit in part (b) are now immersed in a 0.5 kg sample of water, which is initially at 298 K.   The specific heat of water is 4,200 J/kg.K.   Assume that all of the heat produced is absorbed by the water.


	i. Calculate the amount of time it takes for the water to begin to boil.


	ii. Under actual experimental conditions, would the time taken for the water to boil be longer or  


           shorter than the calculated time in part (c) i ? Justify your answer.


d.    As the circuit continues to provide energy to the water, vapor is formed at the same temperature as the boiling water. Where has the energy used to boil the water gone?
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1997B5.  An object is placed 30 mm in front of a lens.   An image of the object is located 90 mm behind the lens.


a.    Is the lens converging or diverging?   Explain your reasoning.


b.    What is the focal length of the lens?


c.    On the axis below, draw the lens at position x = 0.  Draw at least two rays and locate the image to show the situation described above.
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d.    Based on your diagram in (c), describe the image by answering the following questions in the blank spaces provided.


�	Is the image real or virtual?


�	Is the image smaller than, larger than, or same size as the object?


�	Is the image inverted or upright compared to the object?


e.    The lens is replaced by a concave mirror of focal length 20 mm. On the axis below, draw the mirror at position x = 0 so that a real image is formed. Draw at least two rays and locate the image to show this situation
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1997B6.  This question consists of two unrelated parts.   Answer both parts.


1997B6  Part I


Select one of the experiments below by checking the box next to its name, and for the experiment you check answer parts (a) and (b) that follow.





	Rutherford scattering experiment 


	Photoelectric�effect experiment 


	Michelson�Morley experiment





a.    Draw a simple diagram representing the experimental setup and label the important components.


b.    Briefly state the key observation(s) in this experiment and indicate what can be concluded from them.





1997B Part II.  A monatomic gas is illuminated with visible light of wavelength 400 nm. The gas is observed to absorb some of the light and subsequently to emit visible light at both 400 nm and 600 nm.


a.    In the box below, complete an energy level diagram that would be consistent with these observations. Indicate and label the observed absorption and emissions.


�


b.    If the initial state of the atoms has energy  �5.0 eV, what is the energy of the state to which the atoms were excited by the 400 nm light?


c.    At which other wavelength(s) outside the visible range do these atoms emit radiation after they are excited by the 400 nm light?
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