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1. B   𝑣 ൌ ∆௫

∆௧
; ∆𝑥 ൌ 𝑣∆𝑡 ൅ 𝑣∆𝑡 ൌ ሺ8.0 ௠

௦
 )(12 s) + (- 6.0 ௠

௦
ሻሺ16 sሻൌ 

96m ൅ 96 mൌ192 m. Speed is a scalar quantity so, 𝑣௔௩௚ ൌ ∆௫

∆௧
ൌ ଵଽଶ ௠

ଶ଼௦
ൌ 6.9 

௠

௦
. 

2. C Velocity is a vector quantity. The displacement is 96 m + -96 m=0, so 𝑣௔௩௚ ൌ 0. 

3. A 𝜏 ൌ 𝑟𝐹𝑠𝑖𝑛Θ ൌ ሺ0.8 𝑚ሻሺ15 𝑁ሻ ൌ 12 𝑁𝑚 

4. B Total mechanical energy for this situation is KE + PEg and since energy is  
conserved, it stays constant.  

5. C 𝑝 ൌ 𝑚𝑣;  Δ𝑝௕௘௙௢௥௘ ൌ Δ𝑝௔௙௧௘௥; ሺ60 𝑘𝑔ሻ ቀ2.0 ௠

௦
ቁ ൌ ሺ40 𝑘𝑔ሻ𝑣ଶ 

6. B ቀ௞௠

௛௥
ቁ ቀଵ଴଴଴ ௠

ଵ ௞௠
ቁ ቀ ଵ ௛௥

ଷ଺଴଴ ௦
ቁ ቀ ଵ ௛௥

ଷ଺଴଴ ௦
ቁ = 7.72 x 10ିହ 

7. E ሺ3963 𝑚𝑖𝑙𝑒𝑠ሻ ቀଵ଺଴ଽ ௠

௠௜௟௘
ቁ ൌ 6.38 𝑥 10଺ 𝑚; 𝐴 ൌ 4𝜋𝑟ଶ ൌ 5.1 x 10ଵସ 𝑚ଶ 

8. B 𝑣ଶ
ଶ ൌ 𝑣ଵ

ଶ ൅ 2𝑎∆𝑥; 𝑎 ൌ െ1.0 ௠

௦మ ; 𝐹௙ ൌ 𝜇𝐹ே; 𝑚𝑎 ൌ 𝜇𝑚𝑔;  𝜇 ൌ 0.10 

9. A, C Statement III is not correct because there is no force directed vertically upward.  
Statements I is correct if the normal force is considered & Statement II is correct  
if it is not considered. 

10. B 𝑣ଶ
ଶ ൌ 𝑣ଵ

ଶ ൅ 2𝑎∆𝑥; ∆𝑥 ൌ 20.0 𝑚 

11. E 𝑣 ൌ 𝜆𝑓; 𝑓ଵ ൌ 𝑓ଶ; ௩భ

௩మ
ൌ  ఒభ

 ఒమ
ൌ

ଵସହ଴ ೘
ೞ

ଷଷଵ ೘
ೞ

ൌ 4.38 

12. C Δ𝑥 ൌ 𝑣ଵ𝑡 ൅ ଵ

ଶ
𝑎𝑡ଶ; t for dive from 16.0 m is 1.79 s. After 1.59 s (leaving the  

fish 0.2 s to take evasive action) the pelican has dived 12.63 m. Therefore,  
16.0 m – 12.63 m = 3.37 m above the surface of the  water. 

13. A Momentum is conserved in this collision, so 
𝑚ଵ𝑣ଵ ൅ 𝑚ଶ𝑣ଶ ൌ 𝑚ଵ𝑣ଵ௙ ൅ 𝑚ଶ𝑣ଶ௙; 0.5 ൌ 0.5൫𝑣ଵ௙ ൅ 2𝑣ଶ௙൯; 𝟏 ൌ 𝒗𝟏𝒇 ൅ 𝟐𝒗𝟐𝒇 

And since kinetic energy is conserved in elastic collisions  
1
2

𝑚ଵ𝑣ଵ
ଶ ൅

1
2

𝑚ଶ𝑣ଶ
ଶ ൌ

1
2

𝑚ଵ𝑣ଵ௙
ଶ ൅

1
2

𝑚ଶ𝑣ଶ௙
ଶ; 𝟏 ൌ 𝒗𝟏𝒇

𝟐 ൅ 𝟐𝒗𝟐𝒇
𝟐 

Solving this system of two equations (in bold) gives -3.3 
௠

௦
 and +6.7 

௠

௦
. 



14. A See: http://oisc.net/Speed_of_Light.htm 

15. C The period of a simple pendulum is given by 𝑇 ൌ 2𝜋ට
௅

௚
; Decreasing the moment  

of inertia (statement 1) and the torque (statement 2) both lead to a decrease in the  
period of the pendulum. 

16. A See: https://bigthink.com/hard-science/dark-matter-evidence 

17. B 𝐹ே௢௥௠௔௟ ൌ 500 𝑁 െ 𝑇𝑠𝑖𝑛30௢ 
𝐹ு௢௥௜௭௢௡௧௔௟ ൌ 0.500ሺ500 𝑁 െ 𝑇𝑠𝑖𝑛30௢ሻ ൌ 𝑇𝑐𝑜𝑠30௢; 𝑇 ൌ 224 𝑁 

18. D 𝑂𝑝𝑒𝑛 𝑏𝑜𝑡ℎ 𝑒𝑛𝑑𝑠: 𝑓ଵ ൌ ௩

ଶ௅
; 𝐿 ൌ 0.394 𝑚 

𝐶𝑙𝑜𝑠𝑒𝑑 𝑜𝑛𝑒 𝑒𝑛𝑑: 𝑓ଵ ൌ
𝑣

4𝐿
ൌ 216 𝐻𝑧; 𝐹𝑖𝑓𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐 ൌ 5𝑓ଵ ൌ 1080 𝐻𝑧 

19. B See: https://en.wikipedia.org/wiki/Orbital_speed 

20. E 𝑠𝑖𝑛𝜃 ൌ ௢௣௣௢௦௜௧௘

௛௬௣௢௧௘௡௨௦௘
; ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 ൌ 𝑠𝑖𝑛6௢ሺ120 𝑚ሻ ൌ 1148 𝑚 

21. E 𝑊 ൌ 𝑚𝑔ℎ ൌ ሺ80 𝑘𝑔ሻ ቀ10 ௠

௦మቁ ሺ120 𝑚ሻ ൌ96,000 J 

22. A 
ଵଵସ଼ ௠

ସ.ଽ ೘
ೝ೐ೡ

ൌ 234.3 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠; ଽ଺,଴଴଴ ௃

ଶଷସ.ଷ ௥௘௩
ൌ 409.7 ௃

௥௘௩
 

Δ𝑥 ൌ 𝜋𝑑 ൌ 1.07 𝑚; 𝑊 ൌ 𝐹Δ𝑥 ; 𝐹 ൌ 383 𝑁 

23. C 𝑀𝑔ℎ ൌ ଵ

ଶ
𝑀𝑣ଶ ൅ ଵ

ଶ
𝐼𝜔ଶ 

 
𝑭𝒐𝒓 𝒅𝒊𝒔𝒌:  

𝑀𝑔ℎ ൌ
1
2

𝑀𝑣ଶ ൅
1
2

൬
1
2

𝑀𝑅ଶ൰ 𝜔ଶ 

𝑀𝑔ℎ ൌ
1
2

𝑀𝑣ଶ ൅
1
4

𝑀ሺ𝑅𝜔ଶሻ 

𝑀𝑔ℎ ൌ ଵ

ଶ
𝑀𝑣ଶ ൅ ଵ

ସ
𝑀𝑣ଶ ሺ𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠𝑙𝑖𝑝𝑝𝑖𝑛𝑔 𝑖𝑚𝑝𝑙𝑖𝑒𝑠 𝑣 ൌ 𝑅𝜔) 

𝑀𝑔ℎ ൌ
3
4

𝑀𝑣ଶ 

4
3

𝑔ℎ ൌ 𝑣ଶ 

 
𝑭𝒐𝒓 𝒔𝒐𝒍𝒊𝒅 𝒔𝒑𝒉𝒆𝒓𝒆: 

𝑀𝑔ℎᇱ ൌ
1
2

𝑀𝑣ଶ ൅
1
2

൬
2
5

𝑀𝑅ଶ൰ 𝜔ଶ 

𝑀𝑔ℎᇱ ൌ
1
2

𝑀𝑣ଶ ൅
1
5

𝑀ሺ𝑅𝜔ሻଶ 



𝑀𝑔ℎᇱ ൌ ଵ

ଶ
𝑀𝑣ଶ ൅ ଵ

ହ
𝑀𝑣ଶ ሺ𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠𝑙𝑖𝑝𝑝𝑖𝑛𝑔 𝑖𝑚𝑝𝑙𝑖𝑒𝑠 𝑣 ൌ 𝑅𝜔) 

𝑀𝑔ℎᇱ ൌ
7

10
𝑀𝑣ଶ 

𝑀𝑔ℎᇱ ൌ
7

10
𝑀 ൬

4
3

𝑔ℎ൰ 

ℎᇱ ൌ
14
15

𝑔ℎ 

24. B In an isothermal process, the temperature of the gas remains constant. Since  
internal energy, U, of an ideal gas depends only on its temperature, and the 
temperature is constant throughout the process, the change in internal energy U 
is zero. However, heat, Q, can still be transferred to or from the gas during the 
process. This transfer of heat is necessary to maintain the constant temperature.  
Therefore, Q is not zero.  

25. B 𝑚ଵ: ሺ𝑚ଵ𝑔ሻ െ 𝑇 ൌ 𝑚ଵ𝑎; 50 െ 𝑇 ൌ 5𝑎  
𝑚ଶ: 𝑇 െ ሺ𝑚ଶ𝑔ሻ ൌ 𝑚ଶ𝑎; 𝑇 െ 70 ൌ 7𝑎  

a=1.67 ௠

௦మ; T=58.4 N 

26. B 𝐹 ൌ െ𝑘Δ𝑥; 𝑘 ൌ 400 ே

௠
; 𝑇 ൌ 2𝜋ට

௠

௞
ൌ 0.444 𝑠; 𝑓 ൌ ଵ

்
ൌ 2.25 𝐻𝑧 

27. C 𝐹 ൌ
ீ௠ಾೌೝೞ௠೛೐ೝೞ೚೙

௥మ ൌ 244 𝑁 

28. A 𝑃𝐸௚ 𝑎𝑡 𝑡𝑜𝑝 ൌ 𝐾𝐸 𝑜𝑛 𝑚𝑎𝑡; 𝑚𝑔ℎ ൌ ଵ

ଶ
𝑚𝑣ଶ 

29. B In an inelastic collision, momentum is conserved but kinetic energy is not. 

30. D Sonar relies on reflection to detect an object and uses the Doppler Effect to  
determine both the speed and direction of the object. 

31. C 𝑄 ൌ ௞஺୼்

ௗ
ൌ ሺ଴.ଵሻሺଵ଴ሻሺଵ଴ሻ

଴.଴ଶ
ൌ 500 𝑊 

32. E 𝑞 ൌ ሺ𝑞଴ሻሺଵ

ଶ
ሻହ 

33. C 𝑆𝑝𝑒𝑒𝑑𝑖𝑛𝑔 𝑢𝑝: 𝑣ଶ
ଶ ൌ 𝑣ଵ

ଶ ൅ 2𝑎∆𝑥; 𝑣ଶ ൌ 116.9 ௠

௦
 

𝐴𝑓𝑡𝑒𝑟 350 𝑚 𝑜𝑓 𝑠𝑙𝑜𝑤𝑖𝑛𝑔: 𝑣ଶ
ଶ ൌ 𝑣ଵ

ଶ ൅ 2𝑎∆𝑥; 𝑣ଶ ൌ 96.9 
𝑚
𝑠

 

34. C See: https://en.wikipedia.org/wiki/Relativistic_mechanics 

35. A V is the same across all branches of a parallel circuit and V=IR, so I = 2 A. 



36. C 200 𝑥 10ି଺ 𝑚ଷ 𝑛𝑒𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑏𝑦 𝑤𝑜𝑜𝑑.  𝜌௪௔௧௘௥ ൌ 1000 ௞௚

௠య.  

𝑇ℎ𝑖𝑠 𝑚𝑒𝑎𝑛𝑠 𝑡ℎ𝑎𝑡 200 𝑔 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑛𝑒𝑒𝑑𝑠 𝑡𝑜 𝑏𝑒 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑. 

  M𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑜𝑜𝑑 𝑚𝑢𝑠𝑡 𝑒𝑞𝑢𝑎𝑙 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑. 

37. A 𝑟 ൌ 𝐿𝑠𝑖𝑛𝜃; 𝐹௡௘௧ ൌ 𝑚𝑎 ൌ 𝑇𝑠𝑖𝑛𝜃; 𝑎 ൌ ்௦௜௡ఏ

௠
; 𝑎௖ ൌ ௩మ

௥
ൌ ்௦௜௡ఏ

௠
; 𝑣 ൌ ට்௅௦௜௡ఏ

௠
 

38. B Choose appropriate speeds and accelerations and solve. 

𝑣ଵ ൌ 2 ௠

௦
; 𝑣ଶ ൌ 1 ௠

௦
; 𝑎ଵ ൌ 1 ௠

௦మ ;  𝑎ଶ ൌ 2 ௠

௦మ ;  𝑣௙ ൌ 𝑣௜ ൅ 𝑎𝑇  

𝑣ଵ௙ ൌ 𝑣ଶ௙; 2 ൅ 1𝑇 ൌ 1 ൅ 2𝑇; 𝑇 ൌ 1 𝑠  

Δ𝑥ଵ ൌ 𝑣ଵ𝑇 ൅
1
2

𝑎ଵ𝑇ଶ ൌ 2.5 𝑚;  Δ𝑥ଶ ൌ 𝑣ଶ𝑇 ൅
1
2

𝑎ଶ𝑇ଶ ൌ 2 𝑚 

Δ𝑥ଶ

Δ𝑥ଵ
ൌ

2 𝑚
2.5 𝑚

ൌ 4: 5 

39. C When the average speed of the gas molecules increases, the kinetic energy of the  
molecules also increases. This corresponds to an increase in the temperature of 
the gas. According to the ideal gas law (PV = nRT), when the temperature of a 
gas increases while the volume remains constant (as in the case of a rigid 
cylinder), the pressure of the gas also increases. Therefore, both the temperature 
and the pressure of the gas increase when the average speed of the gas molecules 
increases. 

40. E We know that the electric potential due to a point charge is directly  
proportional to the magnitude of the charge and inversely proportional to the 

distance from the charge as shown by: 𝑉 ൌ ௞ொ

௥
; We also know that the electric  

potential due to a charged spherical shell is constant at all points outside the shell,  
and it's zero inside the shell. So, the order is VW < VX = VY = VZ

. 

41. D For the smaller box: Tin rope=ma; For the larger box: F-Tin rope=2ma; 

Solve equations simultaneously to get F=3ma, so Tin ropeൌ
ி

ଷ
.   

42. B When the original circuit reaches steady state, the voltage drop across the resistor  
and capacitor are both equivalent to the emf of the source. When the switch is 
opened, we have an RC discharging circuit. Taking a Kirchhoff loop around this 
circuit (where the only devices are the capacitor and the resistor), the voltage 
gained across one device must always be equivalent to the voltage lost across the  
other device. 

43. B According to Wien's displacement law, the wavelength of electromagnetic  
radiation emitted by a black body is inversely proportional to the temperature of  
the black body. So as temperature increases, the wavelength decreases. 



44. D Conservation of Energy: 𝐾𝐸ଵ ൅ 𝑃𝐸௚ ൌ 𝐾𝐸ଶ ൅ 𝑊஺௜௥ ோ௘௦௜௦௧௔௡௖௘ 

𝑊஺௜௥ ோ௘௦௜௦௧௔௡௖௘ ൌ 𝐹Δ𝑥;  Δ𝑥 ൌ
3500 𝑚
𝑠𝑖𝑛 10௢  

1
2

𝑚𝑣ଵ
ଶ ൅ 𝑚𝑔ℎ ൌ

1
2

𝑚𝑣ଶ
ଶ ൅ 𝐹 ൬

3500 𝑚
𝑠𝑖𝑛 10௢ ൰ 

45. E 𝑡 ൌ 27.3 𝑑𝑎𝑦𝑠 ൌ 2.36 𝑥 10଺ 𝑠; 𝑟 ൌ 3.84 𝑥 10ହ 𝑘𝑚 ൌ 3.84 𝑥 10଼ 𝑚 

𝑣 ൌ
2𝜋𝑟

𝑡
ൌ 1022 

𝑚
𝑠

; 𝑎௖ ൌ
𝑣ଶ

𝑟
 

46. D As the object is moved from point P to point Q, the size of the image  
produced by the concave mirror will initially increase. This is because the object 
moves closer to the focal point of the mirror, resulting in the image moving 
further away from the mirror and becoming larger. However, as the object moves 
past the focal point and closer to the mirror, the image size will then decrease. At  
this point, the image will become larger than the object, virtual, and erect. 

47. D 𝑓 ൌ 401 ௥௘௩

௠௜௡
ൌ 6.683 ௥௘௩

௦௘௖
;  𝜔 ൌ 2𝜋𝑓 ൌ 42 ௥௔ௗ

௦
  

𝐼 ൌ
1
3

𝑚𝐿ଶ; 𝐾𝐸௧௢௧௔௟ ൌ ሺ2ሻ ൬
1
2

𝐼𝜔ଶ൰ 

48. A 𝑉 ൌ ௞ொ

௥
ൌ 0.018 𝑉  

𝐼𝑓 𝑅 𝑖𝑠 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑛𝑒𝑤 𝑑𝑟𝑜𝑝, 𝑡ℎ𝑒𝑛 
4
3

𝜋𝑅ଷ ൌ 𝑛
4
3

𝜋𝑟ଷ; 𝑅 ൌ 𝑛
ଵ
ଷ𝑟 ൌ  1.26 𝑥 10ିଷ 𝑚 

𝑉 ൌ
𝑘𝑄
𝑟

ൌ 0.0143 𝑉 

 

49. B 𝐹 ൌ ఓ೚ூభூమ௅

ଶఓௗ
; 𝜇௢ 𝑖𝑠 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑠𝑝𝑎𝑐𝑒, 𝐼 𝑖𝑠 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑒𝑎𝑐ℎ  

𝑤𝑖𝑟𝑒, 𝐿 𝑖𝑠 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑖𝑟𝑒 𝑎𝑛𝑑 𝑑 𝑖𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑤𝑖𝑟𝑒𝑠. 𝐹 ൌ 𝑚𝑔, 

 𝑠𝑜: 𝑚𝑔 ൌ
𝜇௢𝐼ଵ𝐼ଶ𝐿

2𝜇𝑑
 

50. A After one time constant of decay, there are 3678 particles of gas in the sample  

Using: 𝑁 ൌ 𝑁௢𝑒
ି௧ ఛൗ ൌ(10000)𝑒ିଵ ൌ 3678. Then, adding 10000 more gas 

particles gives a total of 13678 particles, meaning: 

10000=13678𝑒
ି௧ ఛൗ ൌ ଵ଴଴଴଴

ଵଷ଺଻଼
𝑒

ି௧ ఛൗ ; 𝑡 ൌ െ𝜏𝑙𝑛 ቀଵ଴଴଴଴

ଵଷ଺଻଼
ቁ ൌ ሺ0.313ሻ𝜏 


