
2017 PhysicsBowl Solutions  

# Ans  # Ans  # Ans  # Ans  # Ans 

1 A   11 C  21 E  31 A  41 C  

2 D  12 D  22 E  32 C  42 C 

3 E  13 B  23 E  33 A  43 E 

4 A  14 D  24 D  34 C  44 B 

5 E  15 C  25 B  35 B  45 A 

6 C  16 D  26 A  36 E  46 D 

7 B  17 C  27 C  37 B  47 D 

8 D  18 E  28 A  38 A  48 C 

9 B  19 B  29 E  39 A  49 B 

10 B  20 D  30 A  40 D  50 B 

 

1. A… 
12 𝑚𝑚

3 𝜇𝑠
×

1×10−3 𝑚

1 𝑚𝑚
×

1 𝜇𝑠

1×10−6𝑠
= 4 × 103 𝑚

𝑠
.  So, this is 4

𝑘𝑚

𝑠
. 

2. D… Using constant acceleration kinematics, we have from 𝑦 = 𝑦0 + 𝑣0𝑡 +
1

2
𝑎𝑡2 that 0 = 𝐻 +

0 −
1

2
(10)(4.0)2  and so 𝐻 = 5(4.0)2 = 80 𝑚. 

3. E… Acceleration is the only quantity that has a direction associated with it from the list given. 

4. A… Water undergoes a phase change to a solid at 0 ℃ which is equivalent to 32 ℉ and 273 𝐾. 
5. E… An object with constant linear momentum will have a constant velocity.  This relates most 

directly to Newton’s First Law (a body in motion continues in uniform motion). 

6. C… The period of an ideal mass-spring system does not depend on the amplitude of the 

oscillation (it depends on spring constant and mass), meaning that the period is unchanged. 

7. B… Using that wave speed is computed as 𝑣 = 𝑓𝜆, we have 𝜆 =
𝑣

𝑓
=

6.0
𝑚

𝑠

3.0 𝐻𝑧
= 2.0 𝑚.  This means 

that in a one-meter section of string, we would need to find ½ of a full wavelength.  Picture C is 

one full wavelength whereas picture A is ¼ of a wavelength. 

8. D… For the acceleration to be 0
𝑚

𝑠2 in a position vs time graph, the position would need to be linear 

in time.  The graph is linear from 0 𝑠 < 𝑡 < 3 𝑠 and 7 𝑠 < 𝑡 < 10 𝑠 whereas the position is changing 

non-linearly at all other times, meaning that the acceleration is non-zero for 3𝑠 < 𝑡 < 7𝑠. 

9. B…  Using linear momentum conservation, we have 𝑝1𝑖 + 𝑝2𝑖 = 𝑝1𝑓 + 𝑝2𝑓 and so  

𝑚1𝑣1𝑖 + 𝑚2𝑣2𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓 → (4)(5) + (5)(−3) = (4)(−1) + 5(𝑣2𝑓) →  

5 = −4 + 5𝑣2𝑓 →   𝑣2𝑓 =
9

5
= 1.8

𝑚

𝑠
.  The positive sign indicates that the mass moves to the right 

after the collision. 

10. B… Making the free body diagram of the car at the top of the hill gives just a normal force 

upward and a gravitational force downward.  Since the car is traveling along the arc of a circle, it 

is accelerating toward the center of that circle… in other words, the acceleration is downward.  

So, choosing upward as the positive direction, we write 𝐹𝑛𝑒𝑡 = 𝑚𝑎 →   𝑛 + (−𝑚𝑔) = 𝑚 (−
𝑣2

𝑟
).  

And so, 𝑛 = 𝑚𝑔 − 𝑚
𝑣2

𝑟
= 𝑚 (𝑔 −

𝑣2

𝑟
) = (2000) (10 −

122

25
) = 8480 𝑁. 

11. C… We need to find the speeds of the object at the start and end of the motion.  From 𝐾𝐸 =

1

2
𝑚𝑣2 → 𝑣 = √2

𝐾𝐸

𝑚
, we find 𝑣0 = √2 (

50

5
) = √20 = 4.47

𝑚

𝑠
 and 𝑣𝑓 = √2 (

20

5
) = √8 = 2.83

𝑚

𝑠
.  

With constant acceleration, the average velocity is 
1

2
(𝑣0 + 𝑣𝑓) = 〈𝑣〉 =

1

2
(4.47 + 2.83) =

3.65
𝑚

𝑠
.  Since the object doesn’t change direction, the average speed also is 3.65

𝑚

𝑠
. 

12. D… Using kinematics, we have 𝑣 = 𝑣0 + 𝑎𝑡 → 𝑎 =
𝑣−𝑣0

𝑡
=

2.83−4.47

5
= −0.328

𝑚

𝑠2 



13. B… According to current theory, the majority of the Universe consists of dark matter and dark 

energy with about 5% “normal matter”, ~25% dark matter and ~70% dark energy. 

14. D… Newton’s Third Law deals with an interaction between two bodies.  Here, the string exerts a 

force on the block with the block exerting an equal sized force on the string. 

15. C… Taking the system as the two masses, we write Newton’s Second Law to determine the 

acceleration of the blocks.  This gives 𝐹𝑛𝑒𝑡 = 𝑚𝑎 →   35 = (21)𝑎 →   𝑎 = 1.67
𝑚

𝑠2.  So, in 

analyzing the 15 𝑘𝑔 block, we find that there is only the force of the 6 kg onto it acting.  This 

means that 𝐹𝑛𝑒𝑡 = 𝑚𝑎 →   𝐹𝑋 𝑜𝑛 𝑌 = (15)(1.67) = 25 𝑁.  By Newton’s Third Law, this is then 

the force that the 15 kg block exerts onto the 6 kg block (|𝐹𝑌 𝑜𝑛 𝑋|) . 

16. D… From 𝑣 = 𝑓𝜆, we determine the wavelength of the light to be 𝜆 =
𝑣

𝑓
=

3×108

1×1018 = 3 × 10−10𝑚  

Converting this into nanometers gives 𝜆 = 0.3 𝑛𝑚.  This wavelength is about 1000 times smaller 

than what one might expect for ultraviolet light (violet light’s wavelength is approximately 400 

nm).  So, we have light much more energetic (higher frequency) than ultraviolet light.  Of the 

choices given, this puts the light in the X-ray range. 

17. C… Adding the values together gives 1005.839.  Because 920. only goes as far as the nearest 

whole number and the other lengths have values after the decimal, we record the answer as a 

whole number.  Hence, we would write the sum as 1006 with proper significant digits. 

18. E… The average angular velocity for this motion could be computed as 〈𝜔〉 =
1

2
(𝜔 + 𝜔0) =

∆𝜃

∆𝑡
→ (0 + 𝜔0) = 2 (

3.5 𝑟𝑒𝑣

2.50 𝑠
×

2𝜋 𝑟𝑎𝑑

1 𝑟𝑒𝑣
) →   𝜔0 = 17.6

𝑟𝑎𝑑

𝑠
. 

19. B… Using the Ideal Gas Equation, we write 𝑃𝑉 = 𝑛𝑅𝑇 →   𝑃 =
𝑛𝑅𝑇

𝑉
=

(3 𝑚𝑜𝑙)(0.0821 
𝐿∙𝑎𝑡𝑚

𝑚𝑜𝑙∙𝐾
)(373 𝐾)

5 𝐿
=

18.37 𝑎𝑡𝑚.  Converting to Pascals, 18.37 𝑎𝑡𝑚 ×
1.013×105𝑃𝑎

1 𝑎𝑡𝑚
= 1.86 × 106𝑃𝑎 

20. D… cyan light is a combination of blue and green.  This means that the object in question reflects 

green light and absorbs blue light.  Since yellow light is made of green and red, we know that 

green light will reflect and the red light either will reflect (resulting in the object appearing 

yellow) or be absorbed (resulting in the object appearing green). 

21. E… By the impulse-momentum theorem, the change in linear momentum is the force multiplied 

by the time.  Hence, since the force is mass multiplied by acceleration, the change in linear 

momentum is in the same direction as the acceleration. 

22. E… The density of the fluid in the pool (500
𝑘𝑔

𝑚3) is less than the density of water (1000
𝑘𝑔

𝑚3), 

which is very close to the density of a human being.  This means that when the person jumps into 

the pool, they will sink all the way to the bottom. 

23. E… The overall kinetic energy associated with the system of the two objects colliding will 

decrease as a result of the collision.  Which object(s) specifically will lose kinetic energy is 

unknown without more information.  For example, if a moving object collides and stick to an 

initially stationary object, the stationary object will gain kinetic energy from the collision! 

24. D… Much like linear momentum change is related to force multiplied by time, the change in 

angular momentum is related to torque multiplied by time. 

25. B… Taking the system to be the block and incline and Earth, we can write ∆𝐾𝐸 + ∆𝑃𝐸 +

∆𝐸𝑇ℎ𝑒𝑟𝑚𝑎𝑙 = 0 which can be expressed as 
1

2
𝑚(𝑣𝑓

2 − 𝑣0
2) + 𝑚𝑔∆𝑦 + 𝑓𝑘𝑑 = 0.  From the free 

body diagram of the block, we can write that 𝑛 = 𝑚𝑔 cos 𝜃.  Also, we have that the length 𝑑 =
ℎ

sin 𝜃
.  Putting this information together leads to  

1

2
𝑚(0 − 92) + 𝑚(10)(2.6) + 𝜇𝑘(𝑚(10) cos 30°) (

2.6

sin 30°) = 0  Solving for the coefficient of 

friction (after cancelling the mass) leads to −41.5 + 26 + 45𝜇𝑘 = 0 →   𝜇𝑘 =
15.5

45
= 0.322.   



26. A… From the free body diagram, we note that there are two forces acting, a string force and the 

gravitational force.  Breaking the forces into components and writing Newton’s Second Law, we 

have: 𝐹𝑛𝑒𝑡𝑦
= 𝑚𝑎𝑦 → 𝑇 cos 𝜃 + (−𝑚𝑔) = 0 → 𝑇 =

𝑚𝑔

cos 𝜃
.  Now, by looking at the horizontal 

direction, we write 𝑇 sin 𝜃 = 𝑚 (
𝑣2

𝑟
).  Substituting for the tension leads to 𝑚𝑔 tan 𝜃 =

𝑚𝑣2

𝑟
 or  

𝑣 = √𝑔𝑟 tan 𝜃.  The only thing left to do is to determine the radius of the circle traversed… and that 

is found as 𝑟 = 𝐿 sin 50° leading to 𝑣 = √𝑔𝐿 tan 𝜃 sin 𝜃 = √(10)(3) tan 50° sin 50° = 5.23
𝑚

𝑠
. 

27. C… If the picture is rotated slightly so that there is an equal angle on each 

side between initial and final momentum, we can break down the change in 

momentum by components.  From the figure, we see that the momentum 

change would be ∆𝑝 = 2𝑝𝑖 sin 40° = 2(𝑚𝑣 sin 40° ) = 25.71 𝑁𝑠.  By the 

impulse-momentum theorem, we find then that the average force exerted on 

the object was 𝐹𝑛𝑒𝑡 =
∆𝑝

∆𝑡
=

25.71𝑁𝑠

0.25𝑠
= 102.8 𝑁 

28. A… The unit of a time constant for an RL circuit is 𝜏 =
𝐿

𝑅
 which means 𝐿 =

𝑅𝜏.  Hence, an ohm-second is the same thing as a henry (unit of inductance). 

29. E… Bulbs in series have the same current, so the resistor with higher resistance will be brighter 

(more power) from 𝑃 = 𝐼2𝑅.  This means that 𝑅𝑋 > 𝑅𝑌.  Bulbs connected in parallel have the 

same potential difference.  From 𝑃 =
∆𝑉2

𝑅
, the smaller resistance bulb has more power and will be 

brighter.  This means that 𝑃𝑌 > 𝑃𝑋 and bulb Y is now brighter.  Further, in the parallel 

configuration, both bulbs get the potential difference associated with the battery, whereas in 

series, each bulb only gets a fraction of the potential difference. This means that both bulbs now 

are brighter than before. 

30. A… The area under an acceleration vs time curve gives the change in velocity.  For the curves 

given, the area under each is equal.  This means that at time 𝑇, the speeds are the same.  Since the 

acceleration of X is much greater at the start, it gains speed more quickly than Y.  This means that 

X travels further than Y.  As Y only matches the speed of X at the end of the interval, X moves 

faster than Y at all other times and therefore is always moving further ahead of Y.  

31. A… Since the object is rolling without slipping, any friction would have to be static on the incline 

(there is no relative motion between cylinder and surface).  As for the direction, one notes that if 

the friction acts down the incline (as one might suspect being “opposite to the motion”), this 

would cause the speed of the object to decrease, but it also would cause an increase in the 

rotational speed of the object.  The torque from the center of the cylinder would make the object 

spin faster and faster which cannot happen.  Consequently, in order to slow the rotation, the 

friction must be pointing up the incline!   

32. C… From the figure, we see that tan 20° =
𝑦

𝑥
.  Using constant 

acceleration kinematics, we write tan 20° =
𝑦0+𝑣0𝑦𝑡+

1

2
𝑎𝑦𝑡2

𝑥0+𝑣0𝑥𝑡+
1

2
𝑎𝑥𝑡2

=

𝑣0 sin 40°𝑇−
1

2
𝑔𝑇2

𝑣0 cos 40°𝑇
→  tan 20° = tan 40° −

1

2

𝑔

𝑣0 cos 40° 𝑇  And so by solving 

for time, we have 𝑇 =
2 v0cos 40°

𝑔
(tan 40° − tan 20°) = 2.18 𝑠 

33. A… From the right-hand rule, the thumb points along the direction of current and the right 

fingers wrap in the sense of the magnetic field lines.  Consequently, for the 2-A current, the field 

points downward anywhere to the left of the wire and upward anywhere to the right of the wire on 

the x-axis.  Likewise, the 3-A current produces fields that point downward anywhere to the right 

of the wire and upward everywhere to the left of the wire.  To have no total field, the individual 

magnetic fields must cancel (point in opposite directions) and that only occurs in Regions I and 

III.  However, since points in Region III always are closer to the larger current, there is no way 



for the smaller current, acting from further away, to cancel the field from the larger current.  The 

only way the fields can cancel is if the larger current is acting from a greater distance which 

corresponds to a location in Region I. 

34. C… As there is no friction on the pond, there are no horizontal forces acting on the plank-person-

box system.  This means that the center-of-mass of the system remains stationary throughout.  

Locating the box at 𝑥 = 0 𝑚, the person at 𝑥 = 9.20 𝑚, and the center of the plank at 𝑥 =

4.60 𝑚, we have 𝑥𝑐𝑚 =
𝑚𝑏𝑜𝑥𝑥𝑏𝑜𝑥+𝑚𝑝𝑙𝑥𝑝𝑙+𝑚𝑝𝑒𝑟𝑥𝑝𝑒𝑟

𝑀𝑡𝑜𝑡𝑎𝑙
=

(0)+𝑚𝑝𝑙(4.60)+(71)(9.2)

52+71+𝑚𝑝𝑙
=

653.2+4.6 𝑚𝑝𝑙

123+𝑚𝑝𝑙
.  After 

the person moves, this same expression can be rewritten as 𝑥𝑐𝑚 =
𝑚𝑏𝑜𝑥𝑥𝑏𝑜𝑥+𝑚𝑝𝑙𝑥𝑝𝑙+𝑚𝑝𝑒𝑟𝑥𝑝𝑒𝑟

𝑀𝑡𝑜𝑡𝑎𝑙
=

(52)(3.84)+𝑚𝑝𝑙(4.60+3.84)+(71)(3.84)

52+71+𝑚𝑝𝑙
=

472.32+8.44 𝑚𝑝𝑙

123+𝑚𝑝𝑙
.  Equating the c.o.m. expressions gives 

653.2+4.6 𝑚𝑝𝑙

123+𝑚𝑝𝑙
=

472.32+8.44 𝑚𝑝𝑙

123+𝑚𝑝𝑙
→ 180.88 = 3.84 𝑚𝑝𝑙 →   𝑚𝑝𝑙 =

180.88

3.84
= 47.1 𝑘𝑔.   

35. B… Since the area is changing size at the same rate on both sides (related to the speed of the bar, 

𝜉 = 𝐵𝑙𝑣), the currents are equal since the induced emf is the same.  Because the change in flux is 

into the page in the right loop, a counterclockwise current will exist resulting in current up the 

plane through Y.  Likewise, as there is a lessening flux in the left loop, there will be a clockwise 

current resulting in current directed upward through X. 

36. E… From the expression for a tube closed at one end, 𝑓𝑛 = 𝑛 (
𝑣

4𝐿
).  In the experiment, only first 

harmonics are being sought, so 𝑛 = 1.  Rearranging this expression, we write it as 𝐿 = (
𝑣

4
)

1

𝑓
.  

Plotting L vs. 
1

𝑓
 will give a straight line of slope 𝑚 = (

𝑣

4
).  So, the speed of the waves is 𝑣 = 4𝑚. 

37. B… To compute the angular momentum we are going to approximate the Earth as point-like 

since its radius is small compared to that of its orbit radius.  So, 𝐿 = 𝐼𝜔 = (𝑀𝑅2)𝜔.  The 

distance from the Earth to the Sun can be approximated as the distance that light travels in about 

10 minutes.  That is, 𝑅 = 𝑣𝑡 = (3 × 108 𝑚

𝑠
) (10 𝑚𝑖𝑛  ×

60 𝑠

1 𝑚𝑖𝑛
) = 1.8 × 1011𝑚.  The mass is on 

the constants sheet and the angular speed of the Earth around the Sun is approximately 𝜔 =
2𝜋 𝑟𝑎𝑑

1 𝑦𝑟
×

1 𝑦𝑟

365 𝑑𝑦
×

1 𝑑𝑦

24 ℎ𝑟
×

1 ℎ𝑟

60 𝑚𝑖𝑛
×

1 𝑚𝑖𝑛

60 𝑠
= 1.99 × 10−7 𝑟𝑎𝑑

𝑠
.  Putting this together gives the 

angular momentum as 𝐿 = (6.0 × 1024)(1.8 × 1011)2(1.99 × 10−7) = 3.87 × 1040 𝑘𝑔𝑚2

𝑠
.  

Hence, the answer is 1040.  The angular momentum associated with the Earth’s rotation about its 

axis is several orders of magnitude smaller than this number. 

38. A… For an object to “just make it” over the top of the arc means that only the gravitational force 

is needed to maintain the circular motion.  That is, 𝐹𝑛𝑒𝑡 = 𝑚
𝑣𝑡𝑜𝑝

2

𝑟
→   𝑚𝑔 = 𝑚

𝑣𝑡𝑜𝑝
2

𝐿
→ 𝑣𝑡𝑜𝑝

2 = 𝑔𝐿.  

As the mass continues its motion, it is picking up speed.  Using mechanical energy conservation, 

we find ∆𝐾𝐸 + ∆𝑃𝐸 = 0 →
1

2
𝑚(𝑣2 − 𝑣0

2) + 𝑚𝑔∆𝑦 = 0.  From the construction, we have that 

∆𝑦 = −(𝐿 − 𝐿 cos 𝜃).  So, 
1

2
(𝑣2 − 𝑔𝐿) − 𝑔𝐿(1 − cos 𝜃) = 0 → 𝑣2 = 2𝑔𝐿(1 − cos 𝜃) + 𝑔𝐿 or 

𝑣2 = 𝑔𝐿(3 − 2 cos 𝜃).  Now, from the free body diagram of the mass at this location, we have 

𝐹𝑛𝑒𝑡 = 𝑚𝑎 → 𝑛 + 𝑚𝑔 cos 𝜃 = 𝑚
𝑣2

𝑟
→ 𝑛 =

𝑚(𝑔𝐿(3−2 cos 𝜃))

𝐿
− 𝑚𝑔 cos 𝜃 = 3𝑚𝑔(1 − cos 𝜃).  

With the information given, we find 𝑛 = 3(2)(10)(1 − cos 30°) = 8.0 𝑁 

39. A… Since the ratio of the wavelengths is 3:2, this makes the ratio of the corresponding 

frequencies to be 2:3 as 𝑣 = 𝑓𝜆.  Using the Doppler Shift expression, we have 𝑓𝑜 = 𝑓𝑠 (
𝑣

𝑣±𝑣𝑠𝑟𝑐
) 

where the sign in the denominator relates to whether the source is approaching or receding from 



the observer.  For our ratio, we have 
𝑓𝑏

𝑓𝑓
=

2

3
= 𝑓𝑠 (

𝑣

𝑣+𝑣𝑠
) 𝑓𝑠 (

𝑣

𝑣−𝑣𝑠
)⁄ =

𝑣−𝑣𝑠

𝑣+𝑣𝑠
.  Solving for the source 

speed gives 2𝑣 + 2𝑣𝑠 = 3𝑣 − 3𝑣𝑠 → 5𝑣𝑠 = 𝑣 → 𝑣𝑠 =
1

5
𝑣. 

40. D… Taking the free body diagram of the incline+mass system yields 

only 2 vertical forces… normal and gravitational.  From Newton’s 

Second Law, we then write 𝐹𝑛𝑒𝑡 = 𝑚𝑎 →   𝑛 − (2𝑀𝑔) = (2𝑀)𝑎.  

Since the box on the incline is accelerating downward while the incline 

remains stationary, this means that the center-of-mass of the system is 

accelerating, which is the “a” we need to find in Newton’s Second Law.  

Looking at only the sliding mass, we write 𝐹𝑛𝑒𝑡𝑥
= 𝑚𝑎𝑥 →   𝑀𝑔 sin 𝜃 = 𝑀𝑎 leading to the 

acceleration down the incline of 𝑎 = 𝑔 sin 𝜃.  Breaking this acceleration into components parallel 

and perpendicular to the ground gives:  𝑎𝑥 = (𝑔 sin 𝜃) cos 𝜃 and 𝑎𝑦 = −(𝑔 sin 𝜃) sin 𝜃.  This 

makes the center of mass acceleration of the system as (2𝑀) 𝑎𝑐𝑚𝑦
= 𝑀1𝑎1𝑦 + 𝑀2𝑎2𝑦 → 𝑎𝑐𝑚𝑦

=
1

2𝑀
(𝑀(−𝑔 sin2 𝜃) + 𝑀(0)) = −

1

2
𝑔 sin2 𝜃. 

Hence, 𝑛 = 2𝑀𝑔 + 2𝑀𝑎 → 2𝑀𝑔 + 2𝑀 (−
1

2
𝑔 sin2 𝜃) = 𝑀𝑔(2 − sin2 𝜃) 

41. C… Red light can have a wavelength of 650 − 750 𝑛𝑚 depending on the textbook.  Assuming 

that the angle associated with the bright spots is less than about 15°, we could write ∆𝑦 =
Δ𝑚𝜆𝐿

𝑑
=

(2)(700)(5)

8333.3
= 0.84 𝑚.  As a check,  bright locations from a diffraction grating are found as 

𝑑 sin 𝜃 = 𝑚𝜆.  We find the angles of bright spots to be 𝜃1 = sin−1 (
650 

8333.3
) = 4.47° and 𝜃3 =

sin−1 (
3(650) 

8333.3
) = 13.5° where 𝑑 =

1 𝑐𝑚

1200
×

1×10−2 𝑚

1 𝑐𝑚
×

1𝑛𝑚

1×10−9𝑚
= 8333.3 𝑛𝑚.  The location of the 

bright spots is found from tan 𝜃 =
𝑦

𝐿
 where 𝐿 is the distance to the screen and 𝑦 is the vertical 

location on the screen.  We need to find 𝑦3 − 𝑦1 = 𝐿(tan 𝜃3 − tan 𝜃1).  Using 𝜆 = 650 𝑛𝑚, and 

finding that.  This leads to 𝑦3 − 𝑦1 = (5)(tan(13.5°) − tan(4.47°)) = 0.81 𝑚.  If one chose red 

light at 𝜆 = 750 𝑛𝑚, the resulting spacing is 0.90 𝑚.   

42. C… Computing the torque from the pivot at the ground gives 

 𝜏𝑛𝑒𝑡 = −𝑚𝑔 (
𝐿

2
) cos 𝜃 − 𝑇1 (

3

4
𝐿) sin 𝜃 + 𝑇2𝐿 cos 𝜃 = 0.  As 𝑇1 = 𝑇2 =

𝑚𝑔, we have −
1

2
cos 𝜃 −

3

4
sin 𝜃 + cos 𝜃 = 0 →

1

2
cos 𝜃 =

3

4
sin 𝜃 →

 tan 𝜃 =
2

3
→  𝜃 = 33.7° 

43. E… While one can use calculus to solve this, since the charge is all 

positive as described, there is a non-zero field at P directed downward.  

Looking at the non-zero answers, one notes that they all have different units.  The only choice 

with electric field units is (E).   

44. B… From the information given and symmetry, the total time of flight would be 4.80 𝑠.  This 

means it is 2.40 𝑠 to the peak of the motion.  We treat the downward motion for simplicity as the 

object starts from rest.  From kinematics, this means that 
𝐻

2
=

1

2
𝑔 𝑡1

2 and 𝐻 =
1

2
𝑔 𝑡2

2.  With 

substitution, 
1

2
=

𝑡1
2

𝑡2
2 → 𝑡1 =

𝑡2

√2
=

2.40

√2
= 1.70 𝑠.  In other words, subtracting 1.70 seconds from 

when the mass reaches its peak gives the time at which it first reaches it’s half-way point.  This 

gives 𝑇 = 2.40 − 1.70 = 0.70 𝑠!   

45. A… A converging lens produces either a real image with 𝑀 < 0 or a virtual image with 𝑀 > 1. 

46. D… In equilibrium, there is no electric field in the wire connecting the spheres which means that 

everything is at the same potential.  As the potential outside of a sphere is given as 𝑉 =
𝑘𝑄

𝑟
, the 



potentials are 𝑉𝑋 =
𝑘𝑄𝑋

𝑅𝑥
 and 𝑉𝑌 =

𝑘𝑄𝑌

𝑅𝑦
 and these must be equal.  Hence, 

𝑘𝑄𝑋

𝑅𝑥
=

𝑘𝑄𝑌

𝑅𝑦
→ 𝑄𝑋 =

𝑅𝑥

𝑅𝑦
𝑄𝑌. 

Since 𝑅𝑥 > 𝑅𝑦, we have 𝑄𝑥 > 𝑄𝑦 and sphere X will lose electrons to increase its overall charge. 

47. D… In equilibrium, there is no current through the branch with the capacitor.  Taking a Kirchhoff 

Loop Rule around the outside of the circuit gives 𝜉 − 𝑅𝐼 −
𝜉

3
− 2𝑅𝐼 = 0 → 𝐼𝑅 =

2

9
𝜉.  Now, doing 

a loop around the right half gives 𝜉 + Δ𝑉𝐶 − 2𝑅𝐼 = 0 →  |Δ𝑉𝐶| = 𝜉 − 2 (
2

9
𝜉) =

5

9
𝜉. 

48. C… Writing Newton’s Second Law for the mass 𝑀 gives 𝐹𝑛𝑒𝑡 = 𝑀𝑎 →  
𝐺𝑀(4𝑀)

𝐷2 = 𝑀
𝑣2

𝑟
.  The 

center of mass of the system is 𝑥𝑐𝑚 =
𝑀(0)+4𝑀(𝐷)

5𝑀
=

4

5
𝐷.  Hence, 

𝐺𝑀(4𝑀)

𝐷2 = 𝑀
(

2𝜋𝑟

𝑇
)

2

𝑟
→ 

4𝐺𝑀

𝐷2 =
4𝜋2(

4

5
𝐷)

𝑇2 →  
𝐺𝑀

𝐷2 =
4𝜋2𝐷

5𝑇2 → 5𝑀 =
4𝜋2𝐷3

𝐺𝑇2 .  The total system mass, recall, is 5𝑀. 

49. B… First, we calculate a few needed quantities:  𝑣1 = 2.4 × 108 𝑚

𝑠
=

4

5
 𝑐 → 𝛾1 =

1

√1−𝛽2
=

1

√1−0.82
=

5

3
  and 𝑣2 = 1.8 × 108 𝑚

𝑠
=

3

5
 𝑐 → 𝛾2 =

1

√1−𝛽2
=

1

√1−0.62
=

5

4
.    

Using momentum conservation, we have  𝛾1𝑚𝑣1 + 𝛾2𝑚𝑣2 = 𝛾𝑀𝑣𝑓 →  
5

3
 𝑚 (

4

5
𝑐) +

5

4
 𝑚 (

3

5
𝑐) =

𝛾𝑀 𝑣𝑓 → (
4

3
+

3

4
) 𝑚𝑐 = 𝛾𝑀 𝑣𝑓 →  

25

12
𝑚𝑐 = 𝛾𝑀 𝑣𝑓 where 𝑀 is the rest mass of the new particle.   

From energy conservation:  𝛾1𝑚𝑐2 + 𝛾2𝑚𝑐2 = 𝛾𝑀𝑐2 →  
5

3
 𝑚𝑐2 +

5

4
 𝑚𝑐2 = 𝛾𝑀 𝑐2 →

 (
5

3
 +

5

4
)  𝑚 = 𝛾𝑀 →  

35

12
 𝑚 = 𝛾𝑀.  Substituting for 𝛾𝑀 gives  

25

12
𝑚𝑐 =

35

12
𝑚 𝑣𝑓 so that 

𝑣𝑓 =
25

35
𝑐 =

5

7
𝑐 = 2.14 × 108

𝑚

𝑠
  

50. B… The efficiency is found as 𝑒 = 1 − |
𝑄𝑐

𝑄ℎ
| and we have an adiabat which has 𝑄 = 0.  Since the 

heat is positive from C to A (no work, temperature increase), that is 𝑄ℎ = 𝑛𝑐𝑣(𝑇𝐴 − 𝑇𝐶) with 

𝑄𝑐 = 𝑛𝑐𝑝(𝑇𝐶 − 𝑇𝐵)  So, the efficiency is computed as 𝑒 = 1 − |
𝑛𝑐𝑝(𝑇𝐶−𝑇𝐵)

𝑛𝑐𝑣(𝑇𝐴−𝑇𝐶)
| = 1 − 𝛾

𝑇𝐵−𝑇𝐶

𝑇𝐴−𝑇𝐶
 where 

𝛾 =
𝑐𝑝

𝑐𝑣
=

5

3
 for a monatomic gas.  We have that 𝑇𝐴 = 𝑇0 and therefore from the ideal gas equation, 

𝑇𝐶 =
1

3
𝑇0.  At B, we need to use that for an adiabat, 𝑃𝑉𝛾 = 𝐶𝑜𝑛.  So, 𝑃𝐴𝑉𝐴

𝛾
= 𝑃𝐵𝑉𝐵

𝛾
→ 𝑉𝐵 =

(
𝑃𝐴

𝑃𝐵
)

1/𝛾
𝑉𝐴 = (3)

3

5𝑉0 = 1.933 𝑉0.  For the process BC at constant pressure, this means that the 

temperature at B is 1.933 times as large as it is at C.  So, we have   

𝑒 = 1 − 𝛾
𝑇𝐵 − 𝑇𝐶

𝑇𝐴 − 𝑇𝐶
= 1 −

5
3 ((

1.933
3 ) −

1
3) 𝑇0

(1 −
1
3) 𝑇0

= 1 − 0.7775 = 0.223 


