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v=30m/s k =100 N/m

0.20 kg

1. (15 points)
As shown above, a 0.20-kilogram mass is sliding on a horizontal, frictionless air track with a speed of
3.0 meters per second when it mstantaneously hits and sticks to a 1.3- kilogram mass initially at rest on

constant of 100 newtons per meter. The other end of the spring is fixed. G-L)

(a) Determine the following for the 0.20-kilogram mass immediately before the impac
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After the collision, the two masses undergo simple harmonic motion about their position at impact.
(c) Determine the amplitude of the harmonic motion.

(d) Determine the penod of the harmonic motion. NS
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2. (15 points)

A certain light bulb 1s designed to dissipate 6 watts when it is connected to a 12-volt source

(a) Calculate the resistance of the light bulb.

(b) If the light bulb functions as designed and is lit continucusly for 30 days, how much energy is used? Be sure
to indicate the units in your answer.

The 6-watt, 12-volt bulb is connected in a circuit with a 1,500-watt, 120-volt toaster; an adjustable resistor; and a

120-volt power supply. The circuit is designed such that the bulb and the toaster operate at the given values and
if the light bulb fails, the toaster will still function-at these values.

(c) On the diagram below, draw in wires connecting the components shown to make a complete circuit that will
function as described above.

A
A
120 -Volt
Supply
Adjustable 120-Volt
Bulb Resistor Toaster

{d) Determine the value of the adjustable resistor that must be used in order for the circuit to work as designed
{e) If the resistance of the adjustable resistor is increased, what will happen to the following?

i. The brightness of the bulb. Briefly explain your reasoning.
1. The power dissipated by the toaster. Briefly explain your reasoning.
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Note: Figure not drawn to scale.

3. (15 points)
Part of the track of an amusement park roller coaster is shaped as shown above. A safety bar is oriented length-
wise along the top of each car. In one roller coaster car, a small 0.10-kilogram ball is suspended from this bar

by a short length of light, inextensible string. iF: - =O
T

(a) Initially, the car is at rest at point A.

i. On the diagram to the right, draw and label all the _ ( (3((%
forces acting on the 0.10-kilogram ball.

ii. Calculate the tension in the string, ‘@
"9

The car is then accelerated horizontally, goes up a 30° incline, goes down a 30° incline, and then goes around a
vertical circular loop of radius 25 meters. For each of the four situations described in parts (b) to (e), do all three
€ *hn fallowing, In each situation, assume that the ball has stopped swinging back and forth.

¢ Determine the horizontal component T} of the tension in the string in newtons and record your answer
in the space provided.

* Determine the vertical component T, of the tension in the string in _newtons and record your answer in
the space provided.

¢ Show on the adjacent diagram the approximate direction of the string with respect to the vertical. The
dashed line shows the vertical in each situation.

(b) The car is at point B moving horizontally
to the right with an acceleration of 5.0 m/s”.

m= O. g/\} T, = [/\) | N
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(c) The caris at point C and is being pulled up
the 30° incline with a constant speed of 30 m/s.

- O N T, = (l\) N
<=0

(d) The car is at point D moving down tt}e 30°
incline with an acceleration of 5.0 m/s”.

m= 045 y = O.7

\f = e Cos© = e -
” :C~’> ({3 <«_o§@ V.

(e) The car is at point £ moving upside down
with an instantaneous speed of 25 m/s and
no tangential acceleration at the top of the
vertical loop of radius 25 meters.

-
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4. (15 points)

A free electron with negligible kinetic energy is captured by a stationary proton to form an excited state of
the hydrogen atom. During this process a photon of energy E, is emitted, followed shortly by another photon I
of energy 10.2 electron volts. No further photons are emitted. The ionization energy of hydrogen is

13.6 electron volts. Oi) ,? 3 \/\Q_, - ({’ z4 % (O e.\J S~ —
as o<

(a) Determine the wavelength of the 10.2-eV photon.

0.2 eV
7
(b) Determine the following for the first photon emitted. g = /,Z_Z X (O " mn

i. The energy E, of the photonl/
ii. The frequency that corresponds to this energy
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(d) The atom is in its ground state when a 15-eV photon interacts with it. All the photon’s energy is trans
to the electron, freeing it from the atom. Determine the following. (/\

i. The kinetic energy of the ejected electron L'b ’1 e —— = —
e

ii. The de Broglie wavelength of the electron
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5. (10 points)
A heat engine operating between temperatures of 500 K and 300 K is used to lift a 10-kilogram mass vertically

at a constant speed of 4 meters per second.
(a) Determine the power that the engine must supply to lift the mass.

(b) Determine the maximum possible efficiency at which the engine can operate.

(c) If the engine were to operate at the maximum possible efficiency, determine the following.

i. The rate at which the hot reservoir supplies heat to the engine
ii. The rate at which heat is exhausted 1o the cold reservoir
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6. (10 points) T
A hollow tbe of length €, open at both ends as shown above, is held in midair. A tuning fork with a frequency f,
vibrates at one end of the tube and causes the air in the tube to vibrate at its fundamental frequency. Express your

answers in terms of € and fj.
A=24

(a) Determine the wavelength of the sound
. o .—_{}7C 2 o
(b) Determine the speed of sound in the air inside the tube. N /\f"
8,551
(c) Determine the next higher frequency at which this air column would resonate. ;1 = ) ‘g - ;I ,Q
-

[=)

Note: Figure not drawn to scale.

The tube is submerged in a large, graduated cylinder filled with water. The tube is slowly raised out of the water and
the same tuning fork, vibrating with frequency fp, is held a fixed distance from the top of the tube.

(d) Determine the height h of the tube above water when the air column resonates for the first time. Express
your answer in terms of €.
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7. (10 points)
A uniform magnetic field of magnitude B = 1.2 teslas is directed toward the bottom of the page in the
-y direction, as shown abgve. At time ¢ = 0, a proton p in the field is moving in the plane of the page
with a speed vy = 4 x 10" meters per second in a direction 30° above the +x axis.

(a) Calculate the magnetic force on the proton at t = 0.

proton at 1 = 0. ¢ & 2 “b/A‘iC'—ﬂO/\.J AT -dop 2Jls ..

(c) How much work will the magnetic field do on the proton during the interval from r = 0 to ¢ = 0.5 second?

(b) With reference to the coordinate system shown ?ove on the right, state the direction of the force on the

(d) Describe (but do not calculate) the path of the proton in the field.
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