
Physics 222, Spring 2010
Quiz 1, Form: A

Name:

Date:

| ~E|dipole ≈
1

4πε0
qs

r3
along perpendicular bisector if r >> s

| ~E|dipole ≈
1

4πε0
2qs
r3

along axis of dipole if r >> s

Section 1. Multiple Choice

Questions 1–3: A negatively charged particle with
charge −q is at the location shown below.

1. What is the direction of the electric field at
point P due to the charged particle?

(a) 4

(b) 6

(c) 1

(d) 5

(e) 2

2. If calculating the electric field at point P due
to the charged particle, you must use the vec-
tor ~r which is the position of point P relative
to the charged particle. When sketching ~r, you
should

(a) draw an arrow from point P to the
charged particle.

(b) draw an arrow at point P that points
in the direction of the electric field at
point P.

(c) drawn an arrow at the charged parti-
cle that points in the direction of the
electric field at point P.

(d) draw an arrow from the charged parti-
cle to point P.

(e) draw an arrow from the origin to point
P.

3. Suppose that the distance from the origin to
point P in the previous question is r. If you
double the distance from the particle to point
P to 2r, the electric field at point P will change
by a factor

(a) 1
8

(b) 1
2

(c) 1
4

(d) 4

(e) None of the above, because the electric
field due to a point particle is indepen-
dent of distance.
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Questions 4–6: A dipole is shown below.

4. What is the direction of the electric field at
point P due to the positive charge (+q)?

(a) 8

(b) 1

(c) 4

(d) 5

(e) 3

5. Which arrow most closely points in the direc-
tion of the electric field at point P due to the
negative charge (−q)?

(a) 5

(b) 6

(c) 2

(d) 1

(e) 7

6. Which arrow most closely points in is the direc-
tion of the net electric field at point P?

(a) None, because it is zero.

(b) 3

(c) 1

(d) 7

(e) 5

7. What is the direction of the electric field at
point P due to the dipole shown below?

(a) 7

(b) 5

(c) 1

(d) 3

(e) None of the above, because it is zero.

8. What is the direction of the electric field at
point P due to the dipole shown below?

(a) None, because it is zero.

(b) 3

(c) 7

(d) 1

(e) 5
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9. For the dipole shown below, what is the direc-
tion of the dipole moment vector?

(a) 5

(b) 3

(c) 7

(d) 1

(e) None of the above.

10. At the location of an electron, there is an elec-
tric field (due to some other charged particle(s))
that is in the +x direction. What is the direc-
tion of the force on the electron by the electric
field?

(a) in the +z direction.

(b) it is in all directions, radially away from
the proton.

(c) in the –x direction.

(d) in the +x direction.

(e) None of the above.

11. Suppose that the electron in the previous ques-
tion were replaced by a chlorine ion (Cl−). The
force on the chlorine ion would be

(a) greater than the force on a single elec-
tron at the same location.

(b) less than the force on a single electron
at the same location.

(c) the same as the force on a single elec-
tron at the same location.

12. Suppose that the electron in the previous ques-
tion were replaced by an alpha particle (He2+).
The force on the alpha particle would be

(a) greater than the force on a single elec-
tron at the same location, but opposite
in direction.

(b) less than the force on a single electron
at the same location, but opposite in
direction.

(c) the same (in magnitude) as the force on
a single electron at the same location,
but opposite in direction.

13. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the –x direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.

14. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the +y direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.
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15. A particle of mass 0.1 kg has a speed of 2 m/s in
the direction shown below. Its velocity is con-
stant. What is its angular momentum about
point A?

0.3 m

0.2 m
A

�v

(a) 〈0, 0, 0.06〉 kgm2/s

(b) 〈0, 0,−0.06〉 kgm2/s

(c) 〈0, 0, 0.04〉 kgm2/s

(d) 〈0, 0,−0.04〉 kgm2/s

(e) zero

16. The wheel shown below is rotating clockwise.
Its axle is fixed. What is the direction of its
angular momentum?

(a) +z direction

(b) -z direction

(c) Its angular momentum is zero.

17. For the wheel in the previous question, a force
is applied in the direction shown below for a
small time interval. What is the direction of
the torque on the wheel due to this force?

�F

(a) +z direction

(b) -z direction

(c) +y direction

(d) -y direction

(e) The torque is zero.

18. As a result of the applied torque, will the angu-
lar speed of the wheel increase or decrease?

(a) increase

(b) decrease

(c) neither, the angular speed of the wheel
will be constant.

Questions 19–21: A baton twirler rotates a baton
of length 0.7 m (radius 0.35 m) with a period of 0.25
s in a counterclockwise direction. She moves her arm
so that the center of the baton travels at constant
speed clockwise in a circle of radius 1.0 m, making
one complete revolution in 3 second. The baton is
made of a lightweight rod with 0.1 kg masses on each
end.

19. Treat the baton as a point particle with all of
its mass at its center of mass. What is the ba-
ton’s translational angular momentum (about
the center of the large circle)?

(a) 〈0, 0, 0.20〉 kg m2/s

(b) 〈0, 0,−0.20〉 kg m2/s

(c) 〈0, 0,−1.3〉 kg m2/s

(d) 〈0, 0, 0.42〉 kg m2/s

(e) 〈0, 0,−0.42〉 kg m2/s
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20. What is the baton’s rotational angular momen-
tum (about its center of mass)?

(a) 〈0, 0,−0.15〉 kg m2/s

(b) 〈0, 0, 0.15〉 kg m2/s

(c) 〈0, 0, 0.62〉 kg m2/s

(d) 〈0, 0,−0.62〉 kg m2/s

(e) 〈0, 0, 0.023〉 kg m2/s

21. What is the baton’s total angular momen-
tum?

(a) ~Ltotal = ~Ltrans + ~Lrot

(b) ~Ltotal = ~r
CM
× ~ptotal

(c) ~Ltotal = ~Ltrans − ~Lrot

(d) ~Ltotal = ~Ltrans

(e) ~Ltotal = ~Lrot

22. A diatomic molecule is shown below as if it is a
barbell. An electric field exerts a force upward
on one particle and downward on the other par-
ticle. The net torque on the molecule about its
center of mass is

�F

�F

(a) zero.

(b) in the +z direction.

(c) in the −z direction.

Questions 23–24: A lightweight level beam of uniform
density has two objects on top of the beam. Object 1
has a mass of 0.1 kg and is at a distance of 0.5 m from
the center of the beam. Object 2 has a mass of 0.15
kg and is at a distance of 0.2 m from the beam. The
beam is free to rotate about the fulcrum (i.e. pivot).

1 2

23. At this instant, what is the net torque on the
beam?

(a) ~τnet = 〈0, 0, 0.49〉 N m

(b) ~τnet = 〈0, 0,−0.294〉 N m

(c) ~τnet = 〈0, 0, 0.784〉 N m

(d) ~τnet = 〈0, 0,−0.784〉 N m

(e) ~τnet = 〈0, 0, 0.196〉 N m

24. Where would you place a third object of mass
0.05 kg in order for the beam to be in equilib-
rium?

(a) 0.4 m to the left of the fulcrum

(b) 0.3 m to the left of the fulcrum

(c) 0.3 m to the right of the fulcrum

(d) 0.4 m to the right of the fulcrum

(e) None of the above. Regardless of where
you place this mass on the beam, the
system will not be balanced.

25. Suppose that an electron in a hydrogen atom
is in the state n=2. What are the possible val-
ues of the magnitude of the electron’s orbital
angular momentum?

(a) L = 0, L =
√

2h̄, L =
√

6h̄

(b) L = 0, L =
√

6h̄

(c) L = 0, L = 1h̄, L = 2h̄

(d) L = 0, L = 2h̄

(e) L = 0, L =
√

2h̄

26. If an electron in hydrogen has an orbital an-
gular momentum quantum number l = 2, how
many different orientations of the orbital angu-
lar momentum are possible? (It helps to list
them or sketch them and then count how many
there are.)

(a) 5

(b) 4

(c) 3

(d) 2

(e) 1
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27. A neutral chlorine atom has 17 electrons. At
low temperatures, all of the electrons are in
their lowest possible energy states. (In other
words, none of them are excited into higher en-
ergy orbitals and the lowest energy orbitals are
as filled, as much as possible.) How many elec-
trons have the quantum numbers n = 3 and
l = 2? To answer this question, you should
sketch an orbital diagram.

(a) 7

(b) 6

(c) 0

(d) 5

(e) 3

28. What condition is required for the linear mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.

29. What condition is required for the angular mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.
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Section 2. Problem Solving

For the questions below, you must sketch all vectors, including ~r and ~E and ~F , as appropriate. You must
also correctly add vectors when using the Principle of Superposition.

30. A Na+ ion is at the location 〈−2, 3, 0〉 nm, and a Cl− ion is at the location 〈1, 1, 1〉 nm. What is
the force on the sodium ion? (Note: your final answer must be expressed as a vector.)

31. What is the force on the chlorine ion? (No calculation is needed.)
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32. Two dipoles are oriented as shown below. The dipoles are composed of charges +e and −e that are
separated by a distance 1× 10−10 m. Dipole 1 is a distance 1× 10−8 m from point P. Dipole 2 is twice
distance the distance from point P as Dipole 1 (i.e. it is 2 × 10−8 m from point P). In this case, you
may use the approximation that r >> s. What is the net electric field at point P? You must express
your answer as a vector, you must sketch the electric field due to each dipole, and you must sketch the
net electric field. You must include correct units.

-q +q

+q -q

P

dipole 1

dipole 2
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33. Use the Bohr model to derive an expression for the radius of single-electron atom with Z protons in
the nucleus. Substitute values for h̄, melectron, e, etc. to write your expression in terms of the Bohr
radius (i.e. the radius of hydrogen in its ground state). What is the ratio of the radius of hydrogen in
its ground state to the radius of singly ionized helium (i.e. He1+) in its ground state?
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34. A diatomic molecule of nitrogen can be modeled as a rigid rotor (i.e. barbell) as shown below. Nitrogen
has a mass of about 14 g/mol and the length of the bond is about 1 × 10−12 m (so its radius is half
this length).

�v

An incoming lithium atom (mass 7 g/mol) with a speed of 1×105 m/s collides with a nitrogen nucleus
and reflects backwards in the –x direction with a speed of 6 × 104 m/s. As a classical model, let’s
assume that the diatomic molecule is initially not rotating (which is not possible of course).

(a) What is the initial angular momentum of the system with respect to the center of the nitrogen
molecule?

(b) What is the final angular momentum of the system with respect to the center of the nitrogen
molecule?

(c) What is the final angular momentum of the lithium nucleus?

(d) How fast will the molecule rotate after the collision?
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Physics 222, Spring 2010
Quiz 1, Form: B

Name:

Date:

| ~E|dipole ≈
1

4πε0
qs

r3
along perpendicular bisector if r >> s

| ~E|dipole ≈
1

4πε0
2qs
r3

along axis of dipole if r >> s

Section 1. Multiple Choice

Questions 1–3: A negatively charged particle with
charge −q is at the location shown below.

1. What is the direction of the electric field at
point P due to the charged particle?

(a) 4

(b) 6

(c) 1

(d) 5

(e) 2

2. If calculating the electric field at point P due
to the charged particle, you must use the vec-
tor ~r which is the position of point P relative
to the charged particle. When sketching ~r, you
should

(a) draw an arrow from point P to the
charged particle.

(b) draw an arrow at point P that points
in the direction of the electric field at
point P.

(c) drawn an arrow at the charged parti-
cle that points in the direction of the
electric field at point P.

(d) draw an arrow from the charged parti-
cle to point P.

(e) draw an arrow from the origin to point
P.

3. Suppose that the distance from the origin to
point P in the previous question is r. If you
double the distance from the particle to point
P to 2r, the electric field at point P will change
by a factor

(a) 1
8

(b) 1
2

(c) 1
4

(d) 4

(e) None of the above, because the electric
field due to a point particle is indepen-
dent of distance.
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Questions 4–6: A dipole is shown below.

4. What is the direction of the electric field at
point P due to the positive charge (+q)?

(a) 8

(b) 1

(c) 4

(d) 5

(e) 3

5. Which arrow most closely points in the direc-
tion of the electric field at point P due to the
negative charge (−q)?

(a) 5

(b) 6

(c) 2

(d) 1

(e) 7

6. Which arrow most closely points in is the direc-
tion of the net electric field at point P?

(a) None, because it is zero.

(b) 3

(c) 1

(d) 7

(e) 5

7. What is the direction of the electric field at
point P due to the dipole shown below?

(a) 7

(b) 5

(c) 1

(d) 3

(e) None of the above, because it is zero.

8. What is the direction of the electric field at
point P due to the dipole shown below?

(a) None, because it is zero.

(b) 3

(c) 7

(d) 1

(e) 5
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9. For the dipole shown below, what is the direc-
tion of the dipole moment vector?

(a) 5

(b) 3

(c) 7

(d) 1

(e) None of the above.

10. At the location of an electron, there is an elec-
tric field (due to some other charged particle(s))
that is in the +x direction. What is the direc-
tion of the force on the electron by the electric
field?

(a) in the +z direction.

(b) it is in all directions, radially away from
the proton.

(c) in the –x direction.

(d) in the +x direction.

(e) None of the above.

11. Suppose that the electron in the previous ques-
tion were replaced by a chlorine ion (Cl−). The
force on the chlorine ion would be

(a) greater than the force on a single elec-
tron at the same location.

(b) less than the force on a single electron
at the same location.

(c) the same as the force on a single elec-
tron at the same location.

12. Suppose that the electron in the previous ques-
tion were replaced by an alpha particle (He2+).
The force on the alpha particle would be

(a) greater than the force on a single elec-
tron at the same location, but opposite
in direction.

(b) less than the force on a single electron
at the same location, but opposite in
direction.

(c) the same (in magnitude) as the force on
a single electron at the same location,
but opposite in direction.

13. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the –x direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.

14. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the +y direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.
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15. A particle of mass 0.1 kg has a speed of 2 m/s in
the direction shown below. Its velocity is con-
stant. What is its angular momentum about
point A?

0.3 m

0.2 m
A

�v

(a) 〈0, 0, 0.06〉 kgm2/s

(b) 〈0, 0,−0.06〉 kgm2/s

(c) 〈0, 0, 0.04〉 kgm2/s

(d) 〈0, 0,−0.04〉 kgm2/s

(e) zero

16. The wheel shown below is rotating clockwise.
Its axle is fixed. What is the direction of its
angular momentum?

(a) +z direction

(b) -z direction

(c) Its angular momentum is zero.

17. For the wheel in the previous question, a force
is applied in the direction shown below for a
small time interval. What is the direction of
the torque on the wheel due to this force?

�F

(a) +z direction

(b) -z direction

(c) +y direction

(d) -y direction

(e) The torque is zero.

18. As a result of the applied torque, will the angu-
lar speed of the wheel increase or decrease?

(a) increase

(b) decrease

(c) neither, the angular speed of the wheel
will be constant.

Questions 19–21: A baton twirler rotates a baton
of length 0.7 m (radius 0.35 m) with a period of 0.25
s in a counterclockwise direction. She moves her arm
so that the center of the baton travels at constant
speed clockwise in a circle of radius 1.0 m, making
one complete revolution in 3 second. The baton is
made of a lightweight rod with 0.1 kg masses on each
end.

19. Treat the baton as a point particle with all of
its mass at its center of mass. What is the ba-
ton’s translational angular momentum (about
the center of the large circle)?

(a) 〈0, 0, 0.20〉 kg m2/s

(b) 〈0, 0,−0.20〉 kg m2/s

(c) 〈0, 0,−1.3〉 kg m2/s

(d) 〈0, 0, 0.42〉 kg m2/s

(e) 〈0, 0,−0.42〉 kg m2/s

4



20. What is the baton’s rotational angular momen-
tum (about its center of mass)?

(a) 〈0, 0,−0.15〉 kg m2/s

(b) 〈0, 0, 0.15〉 kg m2/s

(c) 〈0, 0, 0.62〉 kg m2/s

(d) 〈0, 0,−0.62〉 kg m2/s

(e) 〈0, 0, 0.023〉 kg m2/s

21. What is the baton’s total angular momen-
tum?

(a) ~Ltotal = ~Ltrans + ~Lrot

(b) ~Ltotal = ~r
CM
× ~ptotal

(c) ~Ltotal = ~Ltrans − ~Lrot

(d) ~Ltotal = ~Ltrans

(e) ~Ltotal = ~Lrot

22. A diatomic molecule is shown below as if it is a
barbell. An electric field exerts a force upward
on one particle and downward on the other par-
ticle. The net torque on the molecule about its
center of mass is

�F

�F

(a) zero.

(b) in the +z direction.

(c) in the −z direction.

Questions 23–24: A lightweight level beam of uniform
density has two objects on top of the beam. Object 1
has a mass of 0.1 kg and is at a distance of 0.5 m from
the center of the beam. Object 2 has a mass of 0.15
kg and is at a distance of 0.2 m from the beam. The
beam is free to rotate about the fulcrum (i.e. pivot).

1 2

23. At this instant, what is the net torque on the
beam?

(a) ~τnet = 〈0, 0, 0.49〉 N m

(b) ~τnet = 〈0, 0,−0.294〉 N m

(c) ~τnet = 〈0, 0, 0.784〉 N m

(d) ~τnet = 〈0, 0,−0.784〉 N m

(e) ~τnet = 〈0, 0, 0.196〉 N m

24. Where would you place a third object of mass
0.05 kg in order for the beam to be in equilib-
rium?

(a) 0.4 m to the left of the fulcrum

(b) 0.3 m to the left of the fulcrum

(c) 0.3 m to the right of the fulcrum

(d) 0.4 m to the right of the fulcrum

(e) None of the above. Regardless of where
you place this mass on the beam, the
system will not be balanced.

25. Suppose that an electron in a hydrogen atom
is in the state n=2. What are the possible val-
ues of the magnitude of the electron’s orbital
angular momentum?

(a) L = 0, L =
√

2h̄, L =
√

6h̄

(b) L = 0, L =
√

6h̄

(c) L = 0, L = 1h̄, L = 2h̄

(d) L = 0, L = 2h̄

(e) L = 0, L =
√

2h̄

26. If an electron in hydrogen has an orbital an-
gular momentum quantum number l = 2, how
many different orientations of the orbital angu-
lar momentum are possible? (It helps to list
them or sketch them and then count how many
there are.)

(a) 5

(b) 4

(c) 3

(d) 2

(e) 1
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27. A neutral chlorine atom has 17 electrons. At
low temperatures, all of the electrons are in
their lowest possible energy states. (In other
words, none of them are excited into higher en-
ergy orbitals and the lowest energy orbitals are
as filled, as much as possible.) How many elec-
trons have the quantum numbers n = 3 and
l = 2? To answer this question, you should
sketch an orbital diagram.

(a) 7

(b) 6

(c) 0

(d) 5

(e) 3

28. What condition is required for the linear mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.

29. What condition is required for the angular mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.
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Section 2. Problem Solving

For the questions below, you must sketch all vectors, including ~r and ~E and ~F , as appropriate. You must
also correctly add vectors when using the Principle of Superposition.

30. A Na+ ion is at the location 〈−2, 3, 0〉 nm, and a Cl− ion is at the location 〈1, 1, 1〉 nm. What is
the force on the sodium ion? (Note: your final answer must be expressed as a vector.)

31. What is the force on the chlorine ion? (No calculation is needed.)
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32. Two dipoles are oriented as shown below. The dipoles are composed of charges +e and −e that are
separated by a distance 1× 10−10 m. Dipole 1 is a distance 1× 10−8 m from point P. Dipole 2 is twice
distance the distance from point P as Dipole 1 (i.e. it is 2 × 10−8 m from point P). In this case, you
may use the approximation that r >> s. What is the net electric field at point P? You must express
your answer as a vector, you must sketch the electric field due to each dipole, and you must sketch the
net electric field. You must include correct units.

-q +q

+q -q

P

dipole 1

dipole 2
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33. Use the Bohr model to derive an expression for the radius of single-electron atom with Z protons in
the nucleus. Substitute values for h̄, melectron, e, etc. to write your expression in terms of the Bohr
radius (i.e. the radius of hydrogen in its ground state). What is the ratio of the radius of hydrogen in
its ground state to the radius of singly ionized helium (i.e. He1+) in its ground state?
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34. A diatomic molecule of nitrogen can be modeled as a rigid rotor (i.e. barbell) as shown below. Nitrogen
has a mass of about 14 g/mol and the length of the bond is about 1 × 10−12 m (so its radius is half
this length).

�v

An incoming lithium atom (mass 7 g/mol) with a speed of 1×105 m/s collides with a nitrogen nucleus
and reflects backwards in the –x direction with a speed of 6 × 104 m/s. As a classical model, let’s
assume that the diatomic molecule is initially not rotating (which is not possible of course).

(a) What is the initial angular momentum of the system with respect to the center of the nitrogen
molecule?

(b) What is the final angular momentum of the system with respect to the center of the nitrogen
molecule?

(c) What is the final angular momentum of the lithium nucleus?

(d) How fast will the molecule rotate after the collision?
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Physics 222, Spring 2010
Quiz 1, Form: C

Name:

Date:

| ~E|dipole ≈
1

4πε0
qs

r3
along perpendicular bisector if r >> s

| ~E|dipole ≈
1

4πε0
2qs
r3

along axis of dipole if r >> s

Section 1. Multiple Choice

Questions 1–3: A negatively charged particle with
charge −q is at the location shown below.

1. What is the direction of the electric field at
point P due to the charged particle?

(a) 4

(b) 6

(c) 1

(d) 5

(e) 2

2. If calculating the electric field at point P due
to the charged particle, you must use the vec-
tor ~r which is the position of point P relative
to the charged particle. When sketching ~r, you
should

(a) draw an arrow from point P to the
charged particle.

(b) draw an arrow at point P that points
in the direction of the electric field at
point P.

(c) drawn an arrow at the charged parti-
cle that points in the direction of the
electric field at point P.

(d) draw an arrow from the charged parti-
cle to point P.

(e) draw an arrow from the origin to point
P.

3. Suppose that the distance from the origin to
point P in the previous question is r. If you
double the distance from the particle to point
P to 2r, the electric field at point P will change
by a factor

(a) 1
8

(b) 1
2

(c) 1
4

(d) 4

(e) None of the above, because the electric
field due to a point particle is indepen-
dent of distance.
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Questions 4–6: A dipole is shown below.

4. What is the direction of the electric field at
point P due to the positive charge (+q)?

(a) 8

(b) 1

(c) 4

(d) 5

(e) 3

5. Which arrow most closely points in the direc-
tion of the electric field at point P due to the
negative charge (−q)?

(a) 5

(b) 6

(c) 2

(d) 1

(e) 7

6. Which arrow most closely points in is the direc-
tion of the net electric field at point P?

(a) None, because it is zero.

(b) 3

(c) 1

(d) 7

(e) 5

7. What is the direction of the electric field at
point P due to the dipole shown below?

(a) 7

(b) 5

(c) 1

(d) 3

(e) None of the above, because it is zero.

8. What is the direction of the electric field at
point P due to the dipole shown below?

(a) None, because it is zero.

(b) 3

(c) 7

(d) 1

(e) 5
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9. For the dipole shown below, what is the direc-
tion of the dipole moment vector?

(a) 5

(b) 3

(c) 7

(d) 1

(e) None of the above.

10. At the location of an electron, there is an elec-
tric field (due to some other charged particle(s))
that is in the +x direction. What is the direc-
tion of the force on the electron by the electric
field?

(a) in the +z direction.

(b) it is in all directions, radially away from
the proton.

(c) in the –x direction.

(d) in the +x direction.

(e) None of the above.

11. Suppose that the electron in the previous ques-
tion were replaced by a chlorine ion (Cl−). The
force on the chlorine ion would be

(a) greater than the force on a single elec-
tron at the same location.

(b) less than the force on a single electron
at the same location.

(c) the same as the force on a single elec-
tron at the same location.

12. Suppose that the electron in the previous ques-
tion were replaced by an alpha particle (He2+).
The force on the alpha particle would be

(a) greater than the force on a single elec-
tron at the same location, but opposite
in direction.

(b) less than the force on a single electron
at the same location, but opposite in
direction.

(c) the same (in magnitude) as the force on
a single electron at the same location,
but opposite in direction.

13. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the –x direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.

14. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the +y direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.
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15. A particle of mass 0.1 kg has a speed of 2 m/s in
the direction shown below. Its velocity is con-
stant. What is its angular momentum about
point A?

0.3 m

0.2 m
A

�v

(a) 〈0, 0, 0.06〉 kgm2/s

(b) 〈0, 0,−0.06〉 kgm2/s

(c) 〈0, 0, 0.04〉 kgm2/s

(d) 〈0, 0,−0.04〉 kgm2/s

(e) zero

16. The wheel shown below is rotating clockwise.
Its axle is fixed. What is the direction of its
angular momentum?

(a) +z direction

(b) -z direction

(c) Its angular momentum is zero.

17. For the wheel in the previous question, a force
is applied in the direction shown below for a
small time interval. What is the direction of
the torque on the wheel due to this force?

�F

(a) +z direction

(b) -z direction

(c) +y direction

(d) -y direction

(e) The torque is zero.

18. As a result of the applied torque, will the angu-
lar speed of the wheel increase or decrease?

(a) increase

(b) decrease

(c) neither, the angular speed of the wheel
will be constant.

Questions 19–21: A baton twirler rotates a baton
of length 0.7 m (radius 0.35 m) with a period of 0.25
s in a counterclockwise direction. She moves her arm
so that the center of the baton travels at constant
speed clockwise in a circle of radius 1.0 m, making
one complete revolution in 3 second. The baton is
made of a lightweight rod with 0.1 kg masses on each
end.

19. Treat the baton as a point particle with all of
its mass at its center of mass. What is the ba-
ton’s translational angular momentum (about
the center of the large circle)?

(a) 〈0, 0, 0.20〉 kg m2/s

(b) 〈0, 0,−0.20〉 kg m2/s

(c) 〈0, 0,−1.3〉 kg m2/s

(d) 〈0, 0, 0.42〉 kg m2/s

(e) 〈0, 0,−0.42〉 kg m2/s
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20. What is the baton’s rotational angular momen-
tum (about its center of mass)?

(a) 〈0, 0,−0.15〉 kg m2/s

(b) 〈0, 0, 0.15〉 kg m2/s

(c) 〈0, 0, 0.62〉 kg m2/s

(d) 〈0, 0,−0.62〉 kg m2/s

(e) 〈0, 0, 0.023〉 kg m2/s

21. What is the baton’s total angular momen-
tum?

(a) ~Ltotal = ~Ltrans + ~Lrot

(b) ~Ltotal = ~r
CM
× ~ptotal

(c) ~Ltotal = ~Ltrans − ~Lrot

(d) ~Ltotal = ~Ltrans

(e) ~Ltotal = ~Lrot

22. A diatomic molecule is shown below as if it is a
barbell. An electric field exerts a force upward
on one particle and downward on the other par-
ticle. The net torque on the molecule about its
center of mass is

�F

�F

(a) zero.

(b) in the +z direction.

(c) in the −z direction.

Questions 23–24: A lightweight level beam of uniform
density has two objects on top of the beam. Object 1
has a mass of 0.1 kg and is at a distance of 0.5 m from
the center of the beam. Object 2 has a mass of 0.15
kg and is at a distance of 0.2 m from the beam. The
beam is free to rotate about the fulcrum (i.e. pivot).

1 2

23. At this instant, what is the net torque on the
beam?

(a) ~τnet = 〈0, 0, 0.49〉 N m

(b) ~τnet = 〈0, 0,−0.294〉 N m

(c) ~τnet = 〈0, 0, 0.784〉 N m

(d) ~τnet = 〈0, 0,−0.784〉 N m

(e) ~τnet = 〈0, 0, 0.196〉 N m

24. Where would you place a third object of mass
0.05 kg in order for the beam to be in equilib-
rium?

(a) 0.4 m to the left of the fulcrum

(b) 0.3 m to the left of the fulcrum

(c) 0.3 m to the right of the fulcrum

(d) 0.4 m to the right of the fulcrum

(e) None of the above. Regardless of where
you place this mass on the beam, the
system will not be balanced.

25. Suppose that an electron in a hydrogen atom
is in the state n=2. What are the possible val-
ues of the magnitude of the electron’s orbital
angular momentum?

(a) L = 0, L =
√

2h̄, L =
√

6h̄

(b) L = 0, L =
√

6h̄

(c) L = 0, L = 1h̄, L = 2h̄

(d) L = 0, L = 2h̄

(e) L = 0, L =
√

2h̄

26. If an electron in hydrogen has an orbital an-
gular momentum quantum number l = 2, how
many different orientations of the orbital angu-
lar momentum are possible? (It helps to list
them or sketch them and then count how many
there are.)

(a) 5

(b) 4

(c) 3

(d) 2

(e) 1
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27. A neutral chlorine atom has 17 electrons. At
low temperatures, all of the electrons are in
their lowest possible energy states. (In other
words, none of them are excited into higher en-
ergy orbitals and the lowest energy orbitals are
as filled, as much as possible.) How many elec-
trons have the quantum numbers n = 3 and
l = 2? To answer this question, you should
sketch an orbital diagram.

(a) 7

(b) 6

(c) 0

(d) 5

(e) 3

28. What condition is required for the linear mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.

29. What condition is required for the angular mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.
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Section 2. Problem Solving

For the questions below, you must sketch all vectors, including ~r and ~E and ~F , as appropriate. You must
also correctly add vectors when using the Principle of Superposition.

30. A Na+ ion is at the location 〈−2, 3, 0〉 nm, and a Cl− ion is at the location 〈1, 1, 1〉 nm. What is
the force on the sodium ion? (Note: your final answer must be expressed as a vector.)

31. What is the force on the chlorine ion? (No calculation is needed.)
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32. Two dipoles are oriented as shown below. The dipoles are composed of charges +e and −e that are
separated by a distance 1× 10−10 m. Dipole 1 is a distance 1× 10−8 m from point P. Dipole 2 is twice
distance the distance from point P as Dipole 1 (i.e. it is 2 × 10−8 m from point P). In this case, you
may use the approximation that r >> s. What is the net electric field at point P? You must express
your answer as a vector, you must sketch the electric field due to each dipole, and you must sketch the
net electric field. You must include correct units.

-q +q

+q -q

P

dipole 1

dipole 2
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33. Use the Bohr model to derive an expression for the radius of single-electron atom with Z protons in
the nucleus. Substitute values for h̄, melectron, e, etc. to write your expression in terms of the Bohr
radius (i.e. the radius of hydrogen in its ground state). What is the ratio of the radius of hydrogen in
its ground state to the radius of singly ionized helium (i.e. He1+) in its ground state?

9



34. A diatomic molecule of nitrogen can be modeled as a rigid rotor (i.e. barbell) as shown below. Nitrogen
has a mass of about 14 g/mol and the length of the bond is about 1 × 10−12 m (so its radius is half
this length).

�v

An incoming lithium atom (mass 7 g/mol) with a speed of 1×105 m/s collides with a nitrogen nucleus
and reflects backwards in the –x direction with a speed of 6 × 104 m/s. As a classical model, let’s
assume that the diatomic molecule is initially not rotating (which is not possible of course).

(a) What is the initial angular momentum of the system with respect to the center of the nitrogen
molecule?

(b) What is the final angular momentum of the system with respect to the center of the nitrogen
molecule?

(c) What is the final angular momentum of the lithium nucleus?

(d) How fast will the molecule rotate after the collision?
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Physics 222, Spring 2010
Quiz 1, Form: D

Name:

Date:

| ~E|dipole ≈
1

4πε0
qs

r3
along perpendicular bisector if r >> s

| ~E|dipole ≈
1

4πε0
2qs
r3

along axis of dipole if r >> s

Section 1. Multiple Choice

Questions 1–3: A negatively charged particle with
charge −q is at the location shown below.

1. What is the direction of the electric field at
point P due to the charged particle?

(a) 4

(b) 6

(c) 1

(d) 5

(e) 2

2. If calculating the electric field at point P due
to the charged particle, you must use the vec-
tor ~r which is the position of point P relative
to the charged particle. When sketching ~r, you
should

(a) draw an arrow from point P to the
charged particle.

(b) draw an arrow at point P that points
in the direction of the electric field at
point P.

(c) drawn an arrow at the charged parti-
cle that points in the direction of the
electric field at point P.

(d) draw an arrow from the charged parti-
cle to point P.

(e) draw an arrow from the origin to point
P.

3. Suppose that the distance from the origin to
point P in the previous question is r. If you
double the distance from the particle to point
P to 2r, the electric field at point P will change
by a factor

(a) 1
8

(b) 1
2

(c) 1
4

(d) 4

(e) None of the above, because the electric
field due to a point particle is indepen-
dent of distance.
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Questions 4–6: A dipole is shown below.

4. What is the direction of the electric field at
point P due to the positive charge (+q)?

(a) 8

(b) 1

(c) 4

(d) 5

(e) 3

5. Which arrow most closely points in the direc-
tion of the electric field at point P due to the
negative charge (−q)?

(a) 5

(b) 6

(c) 2

(d) 1

(e) 7

6. Which arrow most closely points in is the direc-
tion of the net electric field at point P?

(a) None, because it is zero.

(b) 3

(c) 1

(d) 7

(e) 5

7. What is the direction of the electric field at
point P due to the dipole shown below?

(a) 7

(b) 5

(c) 1

(d) 3

(e) None of the above, because it is zero.

8. What is the direction of the electric field at
point P due to the dipole shown below?

(a) None, because it is zero.

(b) 3

(c) 7

(d) 1

(e) 5
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9. For the dipole shown below, what is the direc-
tion of the dipole moment vector?

(a) 5

(b) 3

(c) 7

(d) 1

(e) None of the above.

10. At the location of an electron, there is an elec-
tric field (due to some other charged particle(s))
that is in the +x direction. What is the direc-
tion of the force on the electron by the electric
field?

(a) in the +z direction.

(b) it is in all directions, radially away from
the proton.

(c) in the –x direction.

(d) in the +x direction.

(e) None of the above.

11. Suppose that the electron in the previous ques-
tion were replaced by a chlorine ion (Cl−). The
force on the chlorine ion would be

(a) greater than the force on a single elec-
tron at the same location.

(b) less than the force on a single electron
at the same location.

(c) the same as the force on a single elec-
tron at the same location.

12. Suppose that the electron in the previous ques-
tion were replaced by an alpha particle (He2+).
The force on the alpha particle would be

(a) greater than the force on a single elec-
tron at the same location, but opposite
in direction.

(b) less than the force on a single electron
at the same location, but opposite in
direction.

(c) the same (in magnitude) as the force on
a single electron at the same location,
but opposite in direction.

13. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the –x direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.

14. An electron has a velocity in the +x direction
when it enters a region of uniform electric field
that is in the +y direction. The electron will

(a) speed up.

(b) slow down.

(c) move with a constant velocity.

(d) be deflected upward.

(e) be deflected downward.
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15. A particle of mass 0.1 kg has a speed of 2 m/s in
the direction shown below. Its velocity is con-
stant. What is its angular momentum about
point A?

0.3 m

0.2 m
A

�v

(a) 〈0, 0, 0.06〉 kgm2/s

(b) 〈0, 0,−0.06〉 kgm2/s

(c) 〈0, 0, 0.04〉 kgm2/s

(d) 〈0, 0,−0.04〉 kgm2/s

(e) zero

16. The wheel shown below is rotating clockwise.
Its axle is fixed. What is the direction of its
angular momentum?

(a) +z direction

(b) -z direction

(c) Its angular momentum is zero.

17. For the wheel in the previous question, a force
is applied in the direction shown below for a
small time interval. What is the direction of
the torque on the wheel due to this force?

�F

(a) +z direction

(b) -z direction

(c) +y direction

(d) -y direction

(e) The torque is zero.

18. As a result of the applied torque, will the angu-
lar speed of the wheel increase or decrease?

(a) increase

(b) decrease

(c) neither, the angular speed of the wheel
will be constant.

Questions 19–21: A baton twirler rotates a baton
of length 0.7 m (radius 0.35 m) with a period of 0.25
s in a counterclockwise direction. She moves her arm
so that the center of the baton travels at constant
speed clockwise in a circle of radius 1.0 m, making
one complete revolution in 3 second. The baton is
made of a lightweight rod with 0.1 kg masses on each
end.

19. Treat the baton as a point particle with all of
its mass at its center of mass. What is the ba-
ton’s translational angular momentum (about
the center of the large circle)?

(a) 〈0, 0, 0.20〉 kg m2/s

(b) 〈0, 0,−0.20〉 kg m2/s

(c) 〈0, 0,−1.3〉 kg m2/s

(d) 〈0, 0, 0.42〉 kg m2/s

(e) 〈0, 0,−0.42〉 kg m2/s
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20. What is the baton’s rotational angular momen-
tum (about its center of mass)?

(a) 〈0, 0,−0.15〉 kg m2/s

(b) 〈0, 0, 0.15〉 kg m2/s

(c) 〈0, 0, 0.62〉 kg m2/s

(d) 〈0, 0,−0.62〉 kg m2/s

(e) 〈0, 0, 0.023〉 kg m2/s

21. What is the baton’s total angular momen-
tum?

(a) ~Ltotal = ~Ltrans + ~Lrot

(b) ~Ltotal = ~r
CM
× ~ptotal

(c) ~Ltotal = ~Ltrans − ~Lrot

(d) ~Ltotal = ~Ltrans

(e) ~Ltotal = ~Lrot

22. A diatomic molecule is shown below as if it is a
barbell. An electric field exerts a force upward
on one particle and downward on the other par-
ticle. The net torque on the molecule about its
center of mass is

�F

�F

(a) zero.

(b) in the +z direction.

(c) in the −z direction.

Questions 23–24: A lightweight level beam of uniform
density has two objects on top of the beam. Object 1
has a mass of 0.1 kg and is at a distance of 0.5 m from
the center of the beam. Object 2 has a mass of 0.15
kg and is at a distance of 0.2 m from the beam. The
beam is free to rotate about the fulcrum (i.e. pivot).

1 2

23. At this instant, what is the net torque on the
beam?

(a) ~τnet = 〈0, 0, 0.49〉 N m

(b) ~τnet = 〈0, 0,−0.294〉 N m

(c) ~τnet = 〈0, 0, 0.784〉 N m

(d) ~τnet = 〈0, 0,−0.784〉 N m

(e) ~τnet = 〈0, 0, 0.196〉 N m

24. Where would you place a third object of mass
0.05 kg in order for the beam to be in equilib-
rium?

(a) 0.4 m to the left of the fulcrum

(b) 0.3 m to the left of the fulcrum

(c) 0.3 m to the right of the fulcrum

(d) 0.4 m to the right of the fulcrum

(e) None of the above. Regardless of where
you place this mass on the beam, the
system will not be balanced.

25. Suppose that an electron in a hydrogen atom
is in the state n=2. What are the possible val-
ues of the magnitude of the electron’s orbital
angular momentum?

(a) L = 0, L =
√

2h̄, L =
√

6h̄

(b) L = 0, L =
√

6h̄

(c) L = 0, L = 1h̄, L = 2h̄

(d) L = 0, L = 2h̄

(e) L = 0, L =
√

2h̄

26. If an electron in hydrogen has an orbital an-
gular momentum quantum number l = 2, how
many different orientations of the orbital angu-
lar momentum are possible? (It helps to list
them or sketch them and then count how many
there are.)

(a) 5

(b) 4

(c) 3

(d) 2

(e) 1

5



27. A neutral chlorine atom has 17 electrons. At
low temperatures, all of the electrons are in
their lowest possible energy states. (In other
words, none of them are excited into higher en-
ergy orbitals and the lowest energy orbitals are
as filled, as much as possible.) How many elec-
trons have the quantum numbers n = 3 and
l = 2? To answer this question, you should
sketch an orbital diagram.

(a) 7

(b) 6

(c) 0

(d) 5

(e) 3

28. What condition is required for the linear mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.

29. What condition is required for the angular mo-
mentum of a system to be constant?

(a) ~Fnet = 0

(b) ~τnet = 0

(c) E must be constant.

6



Section 2. Problem Solving

For the questions below, you must sketch all vectors, including ~r and ~E and ~F , as appropriate. You must
also correctly add vectors when using the Principle of Superposition.

30. A Na+ ion is at the location 〈−2, 3, 0〉 nm, and a Cl− ion is at the location 〈1, 1, 1〉 nm. What is
the force on the sodium ion? (Note: your final answer must be expressed as a vector.)

31. What is the force on the chlorine ion? (No calculation is needed.)
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32. Two dipoles are oriented as shown below. The dipoles are composed of charges +e and −e that are
separated by a distance 1× 10−10 m. Dipole 1 is a distance 1× 10−8 m from point P. Dipole 2 is twice
distance the distance from point P as Dipole 1 (i.e. it is 2 × 10−8 m from point P). In this case, you
may use the approximation that r >> s. What is the net electric field at point P? You must express
your answer as a vector, you must sketch the electric field due to each dipole, and you must sketch the
net electric field. You must include correct units.

-q +q

+q -q

P

dipole 1

dipole 2
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33. Use the Bohr model to derive an expression for the radius of single-electron atom with Z protons in
the nucleus. Substitute values for h̄, melectron, e, etc. to write your expression in terms of the Bohr
radius (i.e. the radius of hydrogen in its ground state). What is the ratio of the radius of hydrogen in
its ground state to the radius of singly ionized helium (i.e. He1+) in its ground state?
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34. A diatomic molecule of nitrogen can be modeled as a rigid rotor (i.e. barbell) as shown below. Nitrogen
has a mass of about 14 g/mol and the length of the bond is about 1 × 10−12 m (so its radius is half
this length).

�v

An incoming lithium atom (mass 7 g/mol) with a speed of 1×105 m/s collides with a nitrogen nucleus
and reflects backwards in the –x direction with a speed of 6 × 104 m/s. As a classical model, let’s
assume that the diatomic molecule is initially not rotating (which is not possible of course).

(a) What is the initial angular momentum of the system with respect to the center of the nitrogen
molecule?

(b) What is the final angular momentum of the system with respect to the center of the nitrogen
molecule?

(c) What is the final angular momentum of the lithium nucleus?

(d) How fast will the molecule rotate after the collision?
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