
PHYSICS101  -  Fall Semester 2022 - ODU 

Final Exam - SOLUTION 

Problem 1 

You are on a deserted island. All you have is a permanent dipole magnet and a piece of 
iron that is not magnetized but can be polarized and therefore attracted to the dipole mag-
net. Both objects look identical, so you can’t tell by looking at them which is the magnet 
and which the piece of iron. There are no other magnetic or iron-like materials around – 
everything you have access to is non-magnetic. Which of the following methods can tell 
you which is the magnet and which the piece of iron? Check off all that apply and cross 
out all that are wrong – more than one may be correct. 

a) I hold one object up to both ends of the other one. If it gets attracted by one end 
and repelled by the other end, then it is the magnet. 

b) Like a), but the other object is the magnet. 
c) I somehow break one object into two pieces. Then I hold the two pieces up 

next to each other. If they repel in one orientation and attract in another ori-
entation, the object I broke was the magnet. 

d) Again I break one object into two pieces. If they do not attract each other at 
all, the other object is the magnet. 

e) I balance both objects on pointy rocks and let them rotate (far away from 
each other). The one that consistently always rotates into the same orienta-
tion is the magnet. 

f) I hang one object off a thin filament (maybe a coconut “hair”). If the object is be-
ing pulled towards North by Earth’s magnetic field, it’s the magnet. 
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Problem 2 

Consider the 1st setup in the figure to the right. All light 
bulbs are identical. Check off each of the following 
statements that are correct (and cross out any that 
aren’t). 
 
1) When I close the switch, the leftmost lightbulb will 
burn the brightest.  
 
2) If the filament in one of the light bulbs burns out, 
all 3 light bulbs will go dark. √ 
 
3) If I replace one of the light bulbs with a piece of 
wire (with negligible resistance), the two remaining light bulbs would burn brighter. 
√ 
 
4) Although 3) is correct for each light bulb individually, the combined light from the 2 
remaining light bulbs would be less than the amount of light emitted by all 3 light bulbs 
before. 
 
NOW consider the 2nd setup on the right. Again check only the correct statements.  
 
5) If the switch is closed, the 2 top light bulbs will 
burn a lot dimmer. 
 
6) If the filament in one of the light bulbs burns 
out, the other 2 will be unaffected. √ 
 
7) The three light bulbs together provide more 
light than in the first setup. √ 
  
8) Every single one of the light bulbs in the 2nd 
setup provides more light than all 3 in series to-
gether. √ 
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Problem 3  

A slow proton and a double as fast electron both are moving in the same homogeneous 
magnetic field which is perpendicular to their motion. Check off the (one) correct solu-
tion and provide a short explanation. 

a) The force on both is equal. 
b) The force on the proton is larger. 
c) The force on the electron is larger. √ 

Answ.: The magnetic force on a moving charge is proportional to the charge, its velocity, 
and the magnetic field strength. Since both move in the same magnetic field, and since 
the magnitude of the charge of a proton is equal to that of an electron (namely, one ele-
mentary charge e), the particle with the larger speed (the electron) will experience the 
larger force. 

Problem 4 

Two charges, -Q and +4Q (meaning the first is negative and the other one is four times as 
large but positive) are located on the x-axis, at the origin (-Q) and at x = +2m (+4Q). A test 
charge q is held somewhere on x-axis in the presence of these 2 charges. For the test charge 
to be in equilibrium (no net force), where must it be positioned on the x-axis? 
Draw the location of the test charge on the 
axis shown and give the x position in m. 
Provide a 1-sentence explanation for your 
choice! 
 
 
 
 
 
 

 
 
Answ.: The test charge will experience no net force if it is located at -2m. In that case, it 
will see an attractive force from -Q at 0m that is equal in size to the repulsive force from 
4Q at +2m. (While 4Q has four times the charge, it is also twice further away and hence 
the Coulomb Force, which is proportional to charge/distance squared, will be the same). 

-Q 4Q q? 

q? q? 

x [m] -2              -1                0               +1                +2               +3 

X 
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Problem 5 

An electron moves through empty space (vacuum) from a point with electric potential  
V1 = 500 V to another point with V2 = 1500 V. By how much does its potential energy 
change? Check off the correct answer and cross out the wrong ones! (Watch out – the 
electron has negative charge -e). 

a) It will increase by 1500 J 
b) It will decrease by 1000 J 
c) It will decrease by 1000V x 1.6.10-19C ; DUpot = - 1.6.10-16 J 
d) It will increase by 1000V x 1.6.10-19C ; DUpot = +1.6.10-16 J 

 

Problem 6 

A space probe is located one third of the way between two planets, both with the same 
mass M. (Hint: that means it’s twice further away from the right one than from the left 
one.) Which of the following statements is correct (check off all correct ones and cross 
out the incorrect ones). 

a) The space probe experiences a 4-times larger force of attraction to the right planet 
than to the left planet. 

b) The space probe pulls 4-times as hard 
on the left planet than on the right one. 

c) If the space probe continues moving to the 
right, its potential energy will go up, 
at least initially. 

d) If the space probe were stopped at its present position, it would stay there. 

Problem 7 

Two identical pumpkins are dropped (from rest) at the same instant from the 10th and the 
40th floor of a high-rise building. Check off ALL statements that are true (and cross out 
the wrong ones). Ignore air resistance! 

a) The top pumpkin takes twice as long to hit the ground than the lower one √ 
b) The lower one arrives with roughly 1/4 of the speed of the top one. 
c) If both get a sideways push (initial horizontal velocity), it would take longer for 

each to hit the ground. 

M M 
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d) The upper pumpkin has 4 times the total mechanical energy than the lower 
one. √ 

Problem 8 

An ice skater who is rotating on her toes with her arms pulled in close to her body sud-
denly spreads her arms out. What will happen? Check off the one correct statement (and 
cross out the wrong ones)! 

a) Her moment of inertia will increase 
b) She will rotate more quickly 
c) She will experience an external torque 
d) Her angular momentum will increase 

 

Problem 9 

A 1000 kg car going right at 20 m/s and a 5000 kg truck going left at 4 m/s collide head-
on and stick together. 

1) What is the final velocity of both? (1-sentence answer) 
Answ.: Since the car has an initial momentum of +20,000 kg m/s, and the truck has an 
initial momentum of -20,000 kg m/s, the total momentum before and after the collision is 
0. Hence, both have zero velocity after the collision. 

 
2) Is this an elastic collision? (1-sentence answer) 

Answ.: Since initially, both the car and the truck have a significant kinetic energy, and 
after the collision, the total kinetic energy is zero, the collision is INelastic. 
 

Problem 10 

A 5 kg conducting sphere is charged up to 1 mC by a van-de Graaf generator. It is attract-
ing a 0.1 kg plastic ball carrying a charge of -0.1 µC, which comes hurtling towards it. 
Which of the following statements is true? Check off ALL statements that are true (and 
cross out the wrong ones)! 

a) The electric force exerted on the plastic ball is much larger than the electric force 
exerted on the 5 kg sphere. 

b) If both objects were suspended in free space, the acceleration of the 5 kg 
sphere would be 50 times smaller than that of the plastic ball. √ 
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c) If the two objects were to touch, they would both become neutral (without electric 
charge).  

d) If both started out at rest, their combined momenta will always add up to 
zero. √ 

e) The electrostatic force between the 2 objects is about 0.9 N. √ 
 

 

Problem 11 

Which of the following objects have accelerated motion? Check off all that do and cross 
out the ones that don’t. 

a) A spaceship in circular orbit around Earth. √ 
b) A car that takes 3 seconds to travel 60 m and arrives at the end of this dis-

tance with an instantaneous velocity of 30 m/s. √ 
c) A box on a ramp experiencing gravity and normal force, as well as enough of a 

kinetic frictional force to exactly compensate the component of gravity along the 
direction of the ramp surface. 

d) The bob of a swinging pendulum at its highest point. 
 

Problem 12 XC 

Consider the following sequence of events: 
1) I am slowly pulling my sled up a mountain covered in snow 
2) I sit down on my sled which will begin sliding down the mountain. 
3) I brake my sled and bring it to a stop at the bottom of the mountain.  

Ignoring any friction on the sled and air resistance, discuss in detail how the potential, 
kinetic and total mechanical energy of the system “me + my sled” change during each of 
these 3 steps. Take special care to explain who/what does what kind of (non-conserva-
tive) work (including its sign) every time the total mechanical energy changes, and to 
point out when it doesn’t. Write at least 1 paragraph for each step. 
 
Answ.:  

1) Neither I nor the sled will change our kinetic energy much during the way up, but 
the gravitational potential energy of both of us combined (mtot g h) goes up (h = 0 
at the bottom of the mountain and h = height of the mountain at the end). So the 
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total mechanical energy increases, which requires that something does positive 
work on the sled and me – which comes from the force of my shoes pushing 
against the ground to push us up. Essentially I convert the energy contained in my 
breakfast into total mechanical energy increase for me and the sled. 

2) On the way down, all forces are conservative (ignoring friction, the only force 
that counts is gravity). Hence, the total mechanical energy remains the same (no 
external work done). As our height and therefore our gravitational potential en-
ergy decreases, our kinetic energy goes up – we are moving faster and faster. 

3) At the bottom, all of the total mechanical energy from 1) is in the form of kinetic 
energy. To stop the sled, I have to reduce that kinetic energy (and hence the total 
mechanical energy) to zero, meaning something has to do negative work on me 
and the sled. This “something” is the braking force of my shoes against the 
ground. 

 
 
 
 
 


