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Magnitude of the electron charge, e = × −1 60 10 19. C  
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UNITS 

Name Symbol 
 
meter m 

kilogram kg 

second s 

ampere A 

kelvin K 

mole mol 

hertz Hz 

newton N 

pascal Pa 

joule J 

watt W 

coulomb C 

volt V 

ohm Ω  

henry H 

farad F 

tesla T 

degree 
 Celsius oC  

electron- 
 volt eV 

PREFIXES 

 Factor Prefix Symbol 
 
 109  giga G 

 106  mega M 

 103 kilo k 

 10 2−  centi c 

 10 3−  milli m 

 10 6−  micro µ  

 10 9−  nano n 

 10 12−  pico p 

VALUES OF TRIGONOMETRIC FUNCTIONS 
FOR COMMON ANGLES 

 θ  sin θ  cos θ  tan θ  

   0o

 0 1 0 

 30o 1/2 3 2/  3 3/  

 37o  3/5 4/5 3/4 

 45o  2 2/  2 2/  1 

 53o  4/5 3/5 4/3 

 60o  3 2/  1/2 3  

 90o  1 0  ∞  

The following conventions are used in this examination. 
 I. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial. 
 II. The direction of any electric current is the direction of flow of positive charge (conventional current). 
 III. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge. 
 IV. For mechanics and thermodynamics equations, W represents the work done on a system. 
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ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 2003 

NEWTONIAN MECHANICS
 ELECTRICITY AND MAGNETISM 
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a = acceleration 
F = force 
f = frequency 
h = height 
J = impulse 
K = kinetic energy 
k = spring constant 
�  = length 
m = mass 
N = normal force 
P = power 
p = momentum 
r = radius or distance 
r = position vector 
T = period 
t = time 
U = potential energy 
u  = velocity or speed 
W = work done on a system 
x = position 
m = coefficient of friction 
q  = angle 
t  = torque 
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A = area 
B = magnetic field 
C = capacitance 
d = distance 
E = electric field 
e  = emf 
F = force 
I = current 
�  = length 
P = power 
Q = charge 
q = point charge 
R = resistance 
r = distance 
t = time 
U = potential (stored) energy 
V = electric potential or 
   potential difference 
� = velocity or speed 
r = resistivity 
fm  = magnetic flux 
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ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 2003 
FLUID MECHANICS AND 
THERMAL PHYSICS 

 

 
 WAVES AND OPTICS 
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A = area 
c = specific heat or molar 
   specific heat 
e = efficiency 
F = force 
h = depth 
Kavg  = average molecular 
   kinetic energy 
L = heat of transformation 
�  = length 
M = molecular mass 
m = mass of sample 
n = number of moles 
p = pressure 
Q = heat transferred to a system 
T = temperature 
U = internal energy 
V = volume 
u = velocity or speed 
urms = root-mean-square 
   velocity 
W = work done on a system 
y = height 
a  = coefficient of linear 
   expansion 
µ  = mass of molecule 
r = density 
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d = separation 
f = frequency or focal 
   length 
h = height 
L = distance 
M = magnification 
m = an integer 
n = index of refraction 
R = radius of curvature 
s = distance 
� = speed 
x = position 
l  = wavelength 
q = angle 

ATOMIC AND NUCLEAR PHYSICS  
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E = energy 
f = frequency 
K = kinetic energy 
m = mass 
p = momentum 
l  = wavelength 
f  = work function 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 GEOMETRY AND TRIGONOMETRY 
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A = area 
C = circumference 
V = volume 
S = surface area 
b = base 
h = height 
�  = length 
w = width 
r = radius 
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PHYSICS B 
SECTION II 

Time—90 minutes 

7 Questions 
 

Directions:  Answer all seven questions, which are weighted according to the points indicated. The suggested time 
is about 15 minutes for answering each of questions 1-4, and about 10 minutes for answering each of questions 5-7. 
The parts within a question may not have equal weight. Show all your work in the goldenrod booklet in the spaces 
provided after each part, NOT in this lavender insert. 
 
 

 

 1. (15 points) 
  An airplane accelerates uniformly from rest. A physicist passenger holds up a thin string of negligible mass to 

which she has tied her ring, which has a mass m. She notices that as the plane accelerates down the runway,  
the string makes an angle θ with the vertical as shown above. 

(a) In the space below, draw a free-body diagram of the ring, showing and labeling all the forces present. 

 

 

 

 

  The plane reaches a takeoff speed of 65 m/s after accelerating for a total of 30 s. 

(b) Determine the minimum length of the runway needed. 

(c) Determine the angle θ  that the string makes with the vertical during the acceleration of the plane before it 
leaves the ground. 

(d) What additional information would be needed in order to estimate the mechanical energy of the airplane at 
the instant of takeoff? Explain your answer. 
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 2. (15 points) 
  A student is asked to design a circuit to supply an electric motor with 1.0 mA of current at 3.0 V potential 

difference. 

(a) Determine the power to be supplied to the motor. 

(b) Determine the electrical energy to be supplied to the motor in 60 s. 

(c) Operating as designed above, the motor can lift a 0.012 kg mass a distance of 1.0 m in 60 s at constant 
velocity. Determine the efficiency of the motor. 

  To operate the motor, the student has available only a 9.0 V battery to use as the power source and the following 
five resistors. 

 

 

 
(d) In the space below, complete a schematic diagram of a circuit that shows how one or more of these resistors 

can be connected to the battery and motor so that 1.0 mA of current and 3.0 V of potential difference are 
supplied to the motor. Be sure to label each resistor in the circuit with the correct value of its resistance. 
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 3. (15 points) 
  A thin convex lens A of focal length f A � 10 cm is positioned on an x-axis as shown above. An object of 

height 5 cm, represented by the arrow, is positioned 15 cm to the left of lens A. 

(a) On the figure above, draw necessary rays and sketch the image produced by lens A. 

(b) Calculate the location of the image produced by lens A. 

(c) Calculate the height of the image produced by lens A. 

 

  A second thin convex lens B of focal length f B � 10 cm is now positioned 10 cm to the right of lens A, as 
shown above. 

(d) Determine the location on the x-axis given above of the final image produced by the combination of lenses. 

(e) Check the appropriate spaces below to indicate the characteristics of the final image produced by  
the combination of lenses. 

 ____ inverted ____ larger than the original object 
 ____ upright ____ smaller than the original object 
   Explain your answers. 
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 4. (15 points) 
  An electric field E exists in the region between the two electrically charged parallel plates shown above. 

A beam of electrons of mass m, charge q, and velocity v enters the region through a small hole at position A. 
The electrons exit the region between the plates through a small hole at position B. Express your answers to 
the following questions in terms of the quantities m, q, E, θ, and v.  Ignore the effects of gravity. 

(a)  i. On the diagram of the parallel plates above, draw and label a vector to show the direction of 
  the electric field E between the plates. 

 ii. On the following diagram, show the direction of the force(s) acting on an electron after it enters 
the region between the plates. 

 

 

 

 iii. On the diagram of the parallel plates above, show the trajectory of an electron that will exit through 
the small hole at position B. 

(b) Determine the magnitude of the acceleration of an electron after it has entered the region between 
the parallel plates. 

(c) Determine the total time that it takes the electrons to go from position A to position B. 

(d) Determine the distance d between positions A and B. 

(e) Now assume that the effects of gravity cannot be ignored in this problem. How would the distance d change 
for an electron entering the region at A and leaving at B? Explain your reasoning. 
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 5. (10 points) 
  One mole of an ideal gas is taken around the cycle A→B→C→A as shown on the PV diagram above. 

(a) Calculate the temperature of the gas at point A. 

(b) Calculate the net work done on the gas during one complete cycle. 

(c)  i. Is heat added to or removed from the gas during one complete cycle? 

 ____ added to the gas ____ removed from the gas 
 ii. Calculate the heat added to or removed from the gas during one complete cycle. 

(d) After one complete cycle, is the internal energy of the gas greater, less, or the same as before? 

 ____ greater ____ less ____ the same 
Justify your answer. 

  (e) After one complete cycle, is the entropy of the gas greater, less, or the same as before? 

     ____ greater  ____ less  ____ the same 

 Justify your answer. 
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 6. (10 points) 

  A pump, submerged at the bottom of a well that is 35 m deep, is used to pump water uphill to a house that is  
50 m above the top of the well, as shown above. The density of water is 1,000 kg/m3. All pressures are gauge 
pressures. Neglect the effects of friction, turbulence, and viscosity. 

(a) Residents of the house use 0.35 m3 of water per day. The day’s pumping is completed in 2 hours during 
the day. 

 i. Calculate the minimum work required to pump the water used per day 

 ii. Calculate the minimum power rating of the pump. 

(b) The average pressure the pump actually produces is 9.20 × 105  N/m2. Within the well the water flows at 
0.50 m/s and the pipe has a diameter of 3.0 cm. At the house the pipe diameter is 1.25 cm. 

 i. Calculate the flow velocity when a faucet in the house is open. 

 ii. Explain how you would calculate the minimum pressure at the faucet. 
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 7. (10 points) 

  An experiment is performed on a sample of atoms known to have a ground state of −5.0 eV. The gas is 
illuminated with “white light” (400 - 700 nm). A spectrometer capable of analyzing radiation in this range is 
used to measure the radiation. The sample is observed to absorb light at only 400 nm. After the “white light” is 
turned off, the sample is observed to emit visible radiation of 400 nm and 600 nm. 

(a) In the space below, determine the values of the energy levels and on the following scale sketch an energy-
level diagram showing the energy values in eVs and the relative positions of: 

 i. the ground state 

 ii. the energy level to which the system was first excited 

 iii. one other energy level that the experiment suggests may exist 

 

 

 

(b) What is the wavelength of any other radiation, if any, that might have been emitted in the experiment? 
Why was it not observed? 

 
 
 
 
 
 
 
 
 
 

END OF EXAMINATION 


