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1985B1.  A 2�kilogram block initially hangs at rest at the end of two 1�meter strings of negligible mass as shown on the left diagram above.   A 0.003�kilogram bullet, moving horizontally with a speed of 1000 meters per second, strikes the block and becomes embedded in it.   After the collision, the bullet/ block combination swings upward, but does not rotate.


a.    Calculate the speed v of the bullet/ block combination just after the collision.


b.    Calculate the ratio of the initial kinetic energy of the bullet to the kinetic energy of the bullet/ block combination immediately after the collision.


c.    Calculate the maximum vertical height above the initial rest position reached by the bullet/block combination.
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1985B2.  Two 10�kilogram boxes are connected by a massless string that passes over a massless frictionless pulley as shown above.  The boxes remain at rest, with the one on the right hanging vertically and the one on the left 2.0 meters from the bottom of an inclined plane that makes an angle of 60° with the horizontal.  The coefficients of kinetic friction and static friction between the left�hand box and the plane are 0.15 and 0.30, respectively.  You may use g = 10 m/s2, sin 60° = 0.87, and cos 60° = 0.50.


a.    What is the tension T in the string?


b.    On the diagram below, draw and label all the forces acting on the box that is on the plane.
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c.    Determine the magnitude of the frictional force acting on the box on the plane.





The string is then cut and the left�hand box slides down the inclined plane.


d.    Determine the amount of mechanical energy that is converted into thermal energy during the slide to the bottom.


e.    Determine the kinetic energy of the left�hand box when it reaches the bottom of the plane.
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1985B3.  An electron initially moves in a horizontal direction and has a kinetic energy of 2.0 x 103 electron�volts when it is in the position shown above. It passes through a uniform electric field between two oppositely charged horizontal plates (region I) and a field�free region (region II) before eventually striking a screen at a distance of 0.08 meter from the edge of the plates.  The plates are 0.04 meter long and are separated from each other by a distance of 0.02 meter.  The potential difference across the plates is 250 volts. Gravity is negligible.


a.    Calculate the initial speed of the electron as it enters region I.


b.    Calculate the magnitude of the electric field E between the plates, and indicate its direction on the diagram above.


c.    Calculate the magnitude of the electric force F acting on the electron while it is in region I.


d.    On the diagram below, sketch the path of the electron in regions I and II.   For each region describe the shape of the path.
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1985B4.  A 0.020�kilogram sample of a material is initially a solid at a temperature of 20° C.   Heat is added to the sample at a constant rate of 100 joules per second until the temperature increases to 60° C.  The graph above represents the temperature of the sample as a function of time.


a.    Calculate the specific heat of the solid sample in units of joules per kilogram°C.


b.    Calculate the latent heat of fusion of the sample at its melting point in units of joules per kilogram.


c.    Referring to the three intervals AB, BC, and CD shown on the graph, select the interval or intervals


	on the graph during which:


	i. the average kinetic energy of the molecules of the sample is increasing


	ii. the entropy of the sample is increasing





1985B5.  Light of wavelength 5.0 x 10�7 meter in air is incident normally (perpendicularly) on a double slit. The distance between the slits is 4.0 x 10-4 meter, and the width of each slit is negligible.  Bright and dark fringes are observed on a screen 2.0 meters away from the slits.


a.    Calculate the distance between two adjacent bright fringes on the screen.





The entire double�slit apparatus, including the slits and the screen, is submerged in water, which has an index of refraction 1.3.


b.    Determine each of the following for this light in water.


	i. The wavelength


	ii. The frequency


c.    State whether the distance between the fringes on the screen increases, decreases, or remains the same.  Justify your answer.
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1985B6.  An energy�level diagram for a hypothetical atom is shown above.


a.    Determine the frequency of the lowest energy photon that could ionize the atom, initially in its ground state.


b.    Assume the atom has been excited to the state at �1.0 electron volt.


	i. Determine the wavelength of the photon for each possible spontaneous transition. 


	ii. Which, if any, of these wavelengths are in the visible range?


c.    Assume the atom is initially in the ground state. Show on the following diagram the possible transitions from the ground state when the atom is irradiated with electromagnetic radiation of wavelengths ranging continuously from 2.5 x 10�7 meter to 10.0 x 10�7 meter.
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