
22.4 MAGNETIC FIELD STRENGTH: FORCE ON A MOVING CHARGE IN A MAGNETIC FIELD 

 

1. What is the direction of the magnetic force on a positive charge that moves as shown in each of the six 
cases shown in Figure 22.56? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Repeat Exercise 1 for a negative charge. 

 

3. What is the direction of the velocity of a negative charge that experiences the magnetic force shown 
in each of the three cases in Figure 22.57, assuming it moves perpendicular to B? 

 

 

4. Repeat 3 for a positive charge. 

 

 

 



5. What is the direction of the magnetic field that produces the magnetic force on a positive charge as 
shown in each of the three cases in the figure below, assuming B is perpendicular to v ? 

 

 

 

 

 

 

 

 

 

 

6. Repeat Exercise 5 for a negative charge. 

 

7. What is the maximum force on an aluminum rod with a 

0.100-μC charge that you pass between the poles of a 

1.50-T permanent magnet at a speed of 5.00 m/s? In what 

direction is the force? 

8. (a) Aircraft sometimes acquire small static charges. 

Suppose a supersonic jet has a 0.500-μC charge and flies 

due west at a speed of 660 m/s over the Earth’s south 

magnetic pole, where the 8.00×10−5-T magnetic field 

points straight up. What are the direction and the magnitude 

of the magnetic force on the plane? (b) Discuss whether the 

value obtained in part (a) implies this is a significant or 

negligible effect. 

9. (a) A cosmic ray proton moving toward the Earth at 

5.00×107 m/s experiences a magnetic force of 

1.70×10−16 N . What is the strength of the magnetic field if 

there is a 45º angle between it and the proton’s velocity? (b) 

Is the value obtained in part (a) consistent with the known 

strength of the Earth’s magnetic field on its surface? Discuss. 

 

 

 



 

22.5 FORCE ON A MOVING CHARGE IN A MAGNETIC FIELD: EXAMPLES AND APPLICATIONS 

 

12. A cosmic ray electron moves at 7.50×106 m/s 

perpendicular to the Earth’s magnetic field at an altitude 

where field strength is 1.00×10−5 T . What is the radius of 

the circular path the electron follows? 

13. A proton moves at 7.50×107 m/s perpendicular to a 

magnetic field. The field causes the proton to travel in a 

circular path of radius 0.800 m. What is the field strength? 

14. (a) Viewers of Star Trek hear of an antimatter drive on the 

Starship Enterprise. One possibility for such a futuristic 

energy source is to store antimatter charged particles in a 

vacuum chamber, circulating in a magnetic field, and then 

extract them as needed. Antimatter annihilates with normal 

matter, producing pure energy. What strength magnetic field 

is needed to hold antiprotons, moving at 5.00×107 m/s in a 

circular path 2.00 m in radius? Antiprotons have the same 

mass as protons but the opposite (negative) charge. (b) Is 

this field strength obtainable with today’s technology or is it a 

futuristic possibility? 

15. (a) An oxygen-16 ion with a mass of 2.66×10−26 kg 

travels at 5.00×106 m/s perpendicular to a 1.20-T 

magnetic field, which makes it move in a circular arc with a 

0.231-m radius. What positive charge is on the ion? (b) What 

is the ratio of this charge to the charge of an electron? (c) 

Discuss why the ratio found in (b) should be an integer. 

16. What radius circular path does an electron travel if it 

moves at the same speed and in the same magnetic field as 

the proton in Exercise 22.13? 
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3. A charged particle with constant speed enters a uniform magnetic field whose direction is perpendicular to the 
particles velocity. The particle will: 
A) Speed up  
 
B) Experience no change in velocity 
 
C) Follow a parabolic arc  

D) Follow a circular arc 

 

A long straight wire conductor is placed below a compass as shown in the top view figure. 
When a large 
conventional current flows in the conductor as shown, the N pole of the compass: 
A) has its polarity reversed B) points to the south 
C) points to the west D) points to the east 
 

 

 

6. Two bar magnets are to be cut in half along the dotted lines shown. None 
of the pieces are rotated. After the cut: 
A) The two halves of each magnet will attract each other 
B) The two halves of each magnet will repel each other 
C) The two halves of the top magnet will repel, the two halves of the 
bottom magnet will attract 
D) The two halves of the top magnet will attract, the two halves of the 
bottom magnet will repel 

 

7. An ion with charge q, mass m, and speed v enters a magnetic field B and is deflected into a path with a radius of 
curvature R. If a second ion has speed 2v, while m, q, and B are unchanged, what will be the radius of the 
second ion’s path? 
A) 4R B) 2R C) R/2 D) R/4 

 

 

 

 

10. The diagram to the right depicts iron filings sprinkled around three 
permanent magnets. Pole R is the same pole as 
A) T and Y 
B) T and Z 
C) X and Y 
D) X and Z 

 

 

 

 

 



 

 

 
 
14. A positively charged particle moves to the right. It enters a region of space in 
which there is an electric field directed up the plane of the paper as shown. In 
which direction does the magnetic field have to point in this region so that the 
particle maintains a constant velocity? 
A) into the plane of the page 
B) out of the plane of the page 
C) to the right 
D) to the left 

23. An electron moves in the plane of the page through two 
regions of space along the dotted-line trajectory shown in 
the figure. There is a uniform electric field in Region I 
directed into the plane of the page (as shown). There is no 
electric field in Region II. What is a necessary direction of 
the magnetic field in regions I and II? Ignore gravitational 
forces. 
Region I Region II 
A) Toward bottom of page Up on the page 
B) Toward top of page Into the page 
C) Toward top of page Out of the page 
D) Toward bottom of page Out of the page    
 
 
 
29. An electron is in a uniform magnetic field B that is directed out of the plane of the 
page, as shown. When the electron is moving in the plane of the page in the 
direction indicated by the arrow, the force on the electron is directed 
(A) toward the right 
(B) out of the page 
(C) into the page 
(D) toward the top of the page 
 

 

 

AP Physics Free Response Practice – Magnetism and Electromagnetism 

SECTION A – Magnetism 
 



 
 
1975B6. In a mass spectrometer, singly charged 16O ions are first accelerated electrostatically through a voltage V 
to a speed vo. They then enter a region of uniform magnetic field B directed out of the plane of the paper. 
a. The 16O ions are replaced with singly charged 32S ions of twice the mass and the same charge. What will be 
their speed in terms of vo for the same accelerating voltage? 
b. When 32S is substituted for 16O in part (a), determine by what factor the radius of curvature of the ions' path in 
the magnetic field changes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1976B4. 
An ion of mass m and charge of known magnitude q is observed to move in a straight line through a region of space 
in which a uniform magnetic field B points out of the paper and a uniform electric field E points toward the top edge 
of the paper, as shown in region I above. The particle travels into region II in which the same magnetic field is 
present, but the electric field is zero. In region II the ion moves in a circular path as shown. 
(a) Indicate on the diagram below the direction of the force on the ion at point P2 in region II. 
 
 
 
 

 

 

 

 

 



 

 

(b) Is the ion positively or negatively charged? Explain clearly the reasoning on which you base your conclusion. 
(c) Indicate and label clearly on the diagram below the forces which act on the ion at point P1 in region I. 

 

 

 

(d) Find an expression for the ion’s speed v at point P1 in terms of E and B. 

 

 

 

 

 

 

 
 
 
1993B3. A particle of mass m and charge q is accelerated from rest in 
the plane of the page through a potential difference V between two 
parallel plates as shown. The particle is injected through a hole in the 
right-hand plate into a region of space containing a uniform magnetic 
field of magnitude B oriented perpendicular to the plane of the page. 
The particle curves in a semicircular path and strikes a detector. 
a. i. State whether the sign of the charge on the particle is positive or 
negative.​   
ii. State whether the direction of the magnetic field is into the page 
or out of the page. 
b. Determine each of the following in terms of m, q, V, and B. 
i. The speed of the charged particle as it enters the region of the  
magnetic field B 
ii. The force exerted on the charged particle by the magnetic field B 
iii. The distance from the point of injection to the detector 
iv. The work done by the magnetic field on the charged particle 
during the semicircular trip 
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