Physics 102H Final Exam
May 9 2024

Name (please print):

This test is administered under the rules and regulations of the
honor system of the College of William & Mary.

Signature:

Final score:

Some useful constants

k=138x103J/K Na=6.022x 102 R =kNa=8.315]/mol - K 0°C=273K

one atmosphere = 760 mm Hg = 10° Pa 1 cal=4.1861] lamu = 1.66x10’kg
e=1.6-10"C €0=8.84-10'> C*/Nm? k=9-10° Nm*/C? k= , !
TE,

Ho=4Tt 10”7 H/m c=3-10% m/s

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
+q Q Q +¢
D A
C B
+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.

@u

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):

AB

BC

CD

DA

Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.

X X X X X
X X X X X

X X
X X
X X
X X
X X
O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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b) Using data from a), calculate the efficiency of this engine.
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low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from
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Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.

X X X X X
X X X X X

X X
X X
X X
X X
X X
O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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R1 R4
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+ R2 20
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R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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R1 R4
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
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R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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R1 R4
5V §R6
+ R2 20
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R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
+q Q Q +¢
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
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R3 R7
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.

X X X X X
X X X X X
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O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
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R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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X X
X X
X X
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O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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R1 R4
5V §R6
+ R2 20
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F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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change AEin
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Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
+q Q Q +¢
D A
C B
+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):

AB

BC

CD

DA

Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?
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Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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D A
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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5V §R6
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R3 R7
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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BC

CD
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Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
+q Q Q +¢
D A
C B
+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.

@u

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?
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Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?
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An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?
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calculators only for simple arithmetical operations.
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Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.
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energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?
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Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?
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Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?
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Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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two isothermal, one constant-volume and one
constant-pressure processes. In the starting
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energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):

AB

BC

CD

DA

Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?
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Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?
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a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.
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d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?
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A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?
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An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
ppe— 4 Q
F RS
40 §
R3 R7
80O 20
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b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?
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a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
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positive charge +e), originally travels perpendicular to the boundary plane and passes into the
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b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?
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Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?
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calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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X X
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O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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R1 R4
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+ R2 20
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40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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change AEin
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Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
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a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
+q Q Q +¢
D A
C B
+q O O +¢g
a

a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.

40 10 Q
R1 R4
5V §R6
+ R2 20
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F RS
40 §
R3 R7
80O 20

a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic
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gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):
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b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.
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B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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Problem 1 (25 points)
Four identical particles each have charge ¢ and mass m are held at the corners of a square of side

a as shown.
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a) Determine the magnitude and direction of the electric field at the

center of the square.

b) Determine the magnitude and direction of the total electric force

exerted on the charge in corner A?

c¢) Determine the electric potential at the center of the square.

c¢) Determine the electric potential in corner A.

d) Suppose that all particles are released at the same moment. How fast is each particle moving

when their distance from the center of the square doubles?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)
A converging lens has a focal length of =20 cm. It is used to form an image of a bird 60 cm

away.

a) Calculate where the image is located with respect to the lens. Use principal ray diagram to

verify your answer

b) What is the magnification of the image? Is it real or virtual? Is it upright or inverted?

c) If the bird flies away from the lens at a speed of vo=40 cm/s, how fast does the image move?

Does the image move toward or away from the lens?

d) How far from the lens the bird must sit to produce an image of the same size? Is it going to be

real or virtual?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (25 points)
An aluminum rod L=0.5 m in length and with a cross-sectional area of A=2.5 cm? is inserted into
a thermally insulated vessel containing liquid helium at 75, =4.2 K. The rod is initially at 7p=300K.
Some possibly useful properties: boiling point for He = 4.2K, latent heat of evaporation for He =
2.1x10% J/kg, specific heat of He = 5200 J/kg-K, specific heat of aluminum = 897 J/kg-K , mass
density of aluminum 2800 kg/m’.

a) If the rod is completely immersed into the liquid helium, what mass of He boils off by the

time the rod cools to 4.2 K?

b) The mass density of helium gas at room temperature (297K) is 0.178 kg/m>. What

volume the evaporated gas occupies when it is still at 4.2K, at one atmosphere pressure?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 4 (25 points)

Consider the circuit shown.
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a) What is the equivalent resistance of the circuit?

b) What is the current through the battery?

¢) What is the total power dissipated by the circuit?

d) What is the potential difference across the resistor R2?

e) If the resistor R4 is replaced by a capacitor C=8nF, and one waited for a long time, what

current would be passing through each resistor?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 5 (25 points)
a) Find the magnitude and direction of magnetic field at the point P, produced by loop shown

below carrying the electric current /=3A . The radius of the smaller arc is R=4 cm.

b) A small loop of wire with area A=0.1mm? is placed in point P, as shown. If the current [ is

quickly decreased at a rate dI/dt = -0.25A/s, in what direction the current will flow in the small

loop? Explain. What is the magnitude of the current, if the internal resistance of the loop is 10Q.

@u

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 6 (25 points)

Many heavy machinery engines still operate on diesel cycle, invented in 1897 by Robert Diesel.

Shown below is a slightly modified diesel cycle, in which a fixed quantity of an ideal monoatomic

(=]
]

Pressure P/P,
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N
]
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C
_\\J
D
0 I 1
0.0 0.5 1.0 1.5 20
Volume V/V,

gas is taken though the cycle, consisting of
two isothermal, one constant-volume and one
constant-pressure processes. In the starting

point A the volume of the gas is Vo/4, and its

pressure is 8Po.

a) Calculate the change in the gas internal

energy AEiy, the work done by the gas W and
the heat Q added to the system during each process (in the units of PoVy):

AB

BC

CD

DA

Internal energy
change AEin

Work W

Added heat Q

b) Using data from a), calculate the efficiency of this engine.

c) What is the highest achievable efficiency for any heat engine operating between such high and

low temperature reservoirs?

d) By how much does the entropy change as one mole of the gas transitions from B to C, and from

Dto A?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.




Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 7 (25 points)

Assume the region to the right of a certain infinite plane contains a uniform magnetic field of
magnitude Bo=2.0 mT oriented into the page, and the field is zero in the region to the left of the
plane as shown. A positron (an elementary particle identical to an electron, but carrying a
positive charge +e), originally travels perpendicular to the boundary plane and passes into the

- region of the field. Mass of a positron is m.=9.1x107"kg.
o— >
+e

a) Determine the time interval required for the positron to leave the

“field-filled” region, noting that the positron’s path is a semicircle.

X X X X X
X X X X X

X X
X X
X X
X X
X X
O mT

B=0T B=2.

b) Assuming the maximum depth of penetration into the field is R=2.0 cm, find the velocity of

the positron.

¢) What is the magnitude and direction of a constant electric field that should be added to the
magnetic field to make a positron with speed vo=3-10° m/s pass the “field-filled” region without

deflection?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 8 (25 points)

Consider a soap film (n=1.33) contained within a rectangular wire frame. The
frame is held vertically so that the film drains downward and forms a wedge
with flat faces. The thickness of the film at the top is essentially zero. The film
is viewed in reflected white light with near-normal incidence.

a) Will the top portion of the film appear dark or bright? Explain your answer.

b) The first (from the top) violet (Ayv=420 nm) interference band is observed 3.0 cm from the top

edge of the film. At what distance from the top is the second violet interference band observed?

b) At what distance from the top the first red (A;=650 nm) interference band is located?

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



