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Q1. 
Figure 1 shows a graph of a wave traveling to the left along a string at a speed of 34 
m/s. At this instant, what is the transverse velocity of points 1, 2, and 3, respectively, 
on the string? 

 
 

A) +17 m/s, 0 m/s, −17 m/s 
B) −17 m/s, +17 m/s, 0 m/s 
C) +17 m/s, −17 m/s, 0 m/s 
D) −19 m/s, 0 m/s, +19 m/s 
E) +19 m/s, −19 m/s, 0 m/s 

Ans: 
 |𝑢௠௔௫| =  𝜔𝑦௠ = 2𝜋𝑓𝑦௠ = 2𝜋 ቀ௏ఒቁ 𝑦௠ 
 = 2𝜋 × 340.25  × 0.02 = 17.09 𝑚 𝑠⁄  
 
 
Q2. 

Two pieces of string, each of length L=1.5 m, are joined together end to end, to make 
a 3.0 m long combined string. The first piece of string has mass per unit length μ1=100 
g/m, the second piece has mass per unit length μ2 = 6.0 μ1. If the combined string is 
under tension τ = 5.0 N, how much time does it take a transverse travelling wave to 
travel the entire 3.0 m length of the string? 

 
A) 0.73 s 
B) 1.1 s 
C) 1.7 s 
D) 1.9 s 
E) 2.8 s 

Ans: 

 𝜏்௢௧ = 𝐿 ቀ ଵ௏భ + ଵ௏మቁ = 𝐿 ൬ටఓభఛ + ටఓమఛ ൰ = 1.5 ቈට଴.ଵହ + ට଴.଺ହ ቉ = 0.731 𝑠 

 
Q3. 

Which one of the following transverse waves traveling in the same string transports 
the maximum power? 

 
A) a wave with velocity 2v, amplitude A/2, and frequency 2f 
B) a wave with velocity v, amplitude 2A, and frequency f/2 
C) a wave with velocity 2v, amplitude A/2, and frequency f 
D) a wave with velocity 2v, amplitude A, and frequency f/2 
E) a wave with velocity v, amplitude A, and frequency f 

Ans: 
 𝐴 
 
 
 
 

Figure 1 
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Q4. 
A string oscillates in  a third -harmonic standing wave pattern. The amplitude at a 
point  
30 cm from one end of the string  is half the maximum amplitude. How long is the 
string? 

 
A) 5.4 m 
B) 4.2 m 
C) 6.0 m 
D) 6.4 m 
E) 7.2 m 

Ans: 
  𝐿 = 3𝜆2 ; 𝑥 = 0.3 𝑚; 𝑘 = 2𝜋𝜆 = 2𝜋 × 32𝐿 = 3𝜋𝐿  
 
 
 
 1 = 2𝑠𝑖𝑛 ൬0.9𝜋𝐿 ൰ 
 𝐿 = 0.9𝜋sinିଵ ቀ12ቁ = 0.9𝜋30° = 0.9𝜋𝜋 6⁄ = 6 × 0.9 = 5.4 𝑚 

 
Q5. 

Figure 2 shows four isotropic identical in-phase point sound sources S1, S2, S3, and 
S4 located along x-axis. The sounds from the four sources interfere at point P, located 
on the x axis Assume that as the sound waves travel to P, the decrease in their amplitude 
is negligible. If distance d = λ/4 which of the following statement is True. 

 
 
 

A) Sound from S1 and S3 interfere 
destructively at P. 

B) Sound from S2 and S4 interfere 
destructively and from S1 and S3 
interfere constructively, at P. 

C) Sound from S2 and S4 interfere constructively at P. 
D) Sound from S1 and S3 interfere constructively and from S2 and S4 

interfere constructively at P. 
E) None of the given answers 

 
Ans: 
 𝐴 
 
 
 
 

𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒(𝑥 = 0.3 𝑚); 𝑦௠ = 2𝑦௠𝑠𝑖𝑛𝑘𝑥 = 2𝑦௠𝑠𝑖𝑛 ൬3𝜋𝐿 × 0.3൰ = 𝑦௠ 

Figure 2 
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Q6. 
Standing waves of sound are set up in a vertical tube of length 1.000 m with both ends 
open, filled with air. The tube has a fundamental frequency f0-air. Then the bottom end 
of the tube is closed and filled completely with a fluid.  The fundamental frequency of 
the tube filled with the fluid is f0-fluid. Find the fundamental frequency ratio f0-fluid / f0-air 
(speed of sound in air = 343.0 m/s and speed of sound in the fluid is 1482 m/s). 

 
A) 2.160 
B) 1.123 
C) 1.505 
D) 2.789 
E) 3.545 

Ans: 
  𝑓௢,௔௜௥ = 𝑉௔௜௥2𝐿 ; 𝑓௢,௙௟௨௜ௗ = 𝑉௙௟௨௜ௗ4𝐿  

 𝑓௢,௙௟௨௜ௗ𝑓௢,௔௜௥ = 𝑉௙௟௨௜ௗ2𝑉௔௜௥ = 12 ൬1482343 ൰ = 2.16 

 
 
Q7. 

A sound meter placed 3 m from a point isotropic sound source measures a sound level 
of 70 dB. If the power of the sound source is reduced by a factor of 20, what will be 
the sound meter reading? 

 
A) 57 dB 
B) 11 dB 
C) 25 dB 
D) 32 dB 
E) 66 dB 

Ans: 𝛽ଵ − 𝛽ଶ = 10 𝑙𝑜𝑔 ൬𝐼ଵ𝐼ଶ൰ = 10 𝑙𝑜𝑔 ൬𝑃ଵ𝑃ଶ൰ = 10 log(20) 

 𝛽ଶ = 𝛽ଵ − 10 log(20) = 70 − 10 log(20) = 70 − 13.01 =   56.99 𝑑𝐵 
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Q8. 

A stationary observer is standing  between two sound sources A and B. Source A is 
moving away from the observer, and source B is moving toward the observer. Both 
sources emit sound of the same frequency. If both sources are moving with a speed 
vsound /2, what is the ratio of the frequencies fB  / fA detected by the observer?(Assume 
speed of sound vsound = 343 m/s) 

 
A) 3 
B) 4 
C) 5 
D) 6 
E) 7 

Ans: 𝑓஺ = 𝑓଴ = 1𝑣 + 𝑣2 = 𝑓଴ × 23𝑣 

𝑓஻ = 𝑓଴ = 1𝑣 − 𝑣2 = 2𝑓଴𝑣  

 𝑓஻𝑓஺ = 2𝑓଴𝑣 × 3𝑣2𝑓଴ = 3 

 
Q9. 

An ideal gas system can go from state i to state f through process A or B, as shown in 
the Figure 3. If WA, WB, QA and QB are work done and heat exchanged during 
processes A and B, respectively, which of the following relations is True? 

 
 

A) QA > QB 
B) QA = QB 
C) QA < QB 
D) WA=WB 

E) WB >WA 
Ans: ∆𝐸௡ = 𝑄 − 𝑊 = 𝑄஺ − 𝑊஺ = 𝑄஻ − 𝑊஻ 

 𝑏𝑢𝑡 𝑊஺ ൐  𝑊஻ 𝑡ℎ𝑒𝑛 𝑄஺ − 𝑄஻ = 𝑊஺ − 𝑊஻ 
 𝑄஺ ൐ 𝑄஻ 
 
 
 
 
 
 
 
 
 

Figure 3 
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Q10. 

The ends of the two brass and steel rods, each 1.00 m long; as  shown in the Figure 4,  
are separated by 5.00 mm at 25.0 °C. Assuming that the outside ends of both rods rest 
firmly against rigid supports, at what temperature will the inside ends of the rods just 
touch? (αsteel=13.0 × 10-6 / °C ; αBrass=19.0 × 10-6 /C°). 

 
A) 181 °C 
B) 157 °C 
C) 291 °C 
D) 399 °C 
E) 401 °C 

Ans: ∆𝐿 = ∆𝐿஻௥௔௦௦ + ∆𝐿ௌ௧௘௘௟ = 5 × 10ିଷ = 𝐿∆𝑇(𝛼஻௥௔௦௦ + 𝛼ௌ௧௘௘௟) 
 ∆𝑇 = 5 × 10ିଷ𝐿(𝛼஻௥௔௦௦ + 𝛼ௌ௧௘௘௟) = 5 × 10ିଷ1(19 + 13) × 10ି଺ = 156.3 

 𝑇௙ = 𝑇௜ + ∆𝑇 = 25 + 156.3 = 181.25 ℃ 
 
 
Q11. 

A 150 g of water at 30.0 °C is poured over a 60.0 g cube of ice at a temperature of –
5.00 °C. How many gram of ice has melted when the ice-water mixture has reached 
thermal equilibrium (specific heat of ice cice = 2220 J/kg.K; heat of fusion of ice LF 
=333 kJ/kg)? 

 
A) 54.6 g 
B) 47.5 g 
C) 50.0 g 
D) 57.0 g 
E) 59.0 g 

Ans: 𝑚௜௖௘ି௠௘௧௛௢ௗ × 𝐿௙ = 𝑚௪ × 𝑐௪ × 30 − 𝑚௜௖௘ × 𝑐௜௖௘ × 5 
 = 0.15 × 4190 × 30 − 0.06 × 2220 × 5 = 18189 𝐽 

 𝑚௜௖௘ି௠௘௧௛௢ௗ = 18189333 × 10ଷ = 0.05462 𝑘𝑔 = 54.6 𝑔 
 
 
 
 
 
 
 
 
 
 

Figure 4 
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Q12. 

A tea pot, with a 8.500 mm thick steel bottom plate, rests on a hot stove. The area of 
the bottom plate is 0.1500 m2. The water inside the pot is at 100.0 °C, and 0.3900 kg 
of water is evaporated every 3.000 min. Find the temperature of the bottom plate of 
the pot, which is in contact with the stove. (Thermal conductivity of steel ksteel= 50.20 
W/m.K; heat of vaporization of water LV = 2256 kJ/kg) 

 
A) 105.5 °C 
B) 103.1 °C 
C) 111.9 °C 
D) 114.0 °C 
E) 107.8 °C 

Ans: 𝑃 = 𝑄𝑡 = 𝐾𝐴(𝑇ு − 𝑇஼)𝑑 ⇒ 𝑄 = 𝐾𝐴(𝑇ு − 𝑇஼)𝑑 × 𝑡 = 𝑚𝐿௏  
 𝑇ு − 𝑇஼ = 𝑚𝐿௏ × 𝑑𝐾𝐴  
 𝑇ு = 𝑇஼ + 𝑚𝐿௏𝑑𝐾𝐴𝑡 = 100 + 0.39 × 2256 × 10ଷ × 8.5 × 10ିଷ50.2 × 0.15 × 180  
 𝑇ு = 100 + 5.518 = 105.52 ℃ 
 
 

 
Q13. 

Which of the following ideal gases has the highest root-mean-square speed? 
 

A) Nitrogen (M=28 g/mol) at a temperature of 30 °C 
B) Argon (M=40 g/mol) at a temperature of 30 °C 
C) Nitrogen (M=28 g/mol) at a temperature of 10 °C 
D) Oxygen (M=32 g/mol) at a temperature of 30 °C 
E) Nitrogen (M=28 g/mol) at a temperature of 15 °C 

Ans: 𝐴;  𝑉௥௠௦ =  ඨ3𝑅𝑇𝑀  
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Q14. 

A spherical balloon of volume 4.00 × 103 cm3 contains ideal gas helium at a pressure  
of 1.20 × 105 Pa. How many mol of helium are in the balloon if the average kinetic 
energy of the helium atoms is 3.60×10−22 J? 

 
A) 3.32 
B) 1.21 
C) 1.55 
D) 2.33 
E) 4.11 

Ans: 𝐾௔௩௚ = 32 𝑘𝑇 = 3.6 × 10ିଶଶ; 𝑃𝑉 = 𝑁𝑘𝑇 
 𝑁 = 𝑃𝑉𝑘𝑇 = 𝑃𝑉23 𝐾௔௩௚ = 1.2 × 10ହ × 4 × 10ଷ × 10ି଺23 × 3.60 × 10ିଶଶ = 2 × 10ଶସ 

 𝑚 = 𝑁𝑁஺ = 2 × 10ଶସ6.02 × 10ଶଷ = 3.322 𝑚𝑜𝑙 
 
Q15. 

In the isothermal process a→ b shown in Figure 5, the temperature of an ideal gas 
remains constant at 85.0 °C. Find the magnitude of the work done by the gas during 
the process a→ b. 

 
 

A) 2.22 ×103  J 
B) 1.90 ×103  J 
C) 3.43 ×103  J 
D) 4.27 ×103  J 
E) 5.51 ×103  J 

Ans: 𝑊 = 𝑛𝑅𝑇𝑙𝑛 ൬𝑉௙𝑉௜ ൰ = 𝑃௕𝑉௕𝑙𝑛 ൬𝑃௔𝑃௕൰ 

 = 0.2 × 1.01 × 10ହ × 0.1 × 𝑙𝑛 ൬0.60.2൰ = 2219.2 𝐽 
 
 
 
 
 
 
 
 
 
 

Figure 5 
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Q16. 

A monatomic ideal gas with 0.10 mol follow the processes 1 →2 and 2 →3, as shown 
in Figure 6. Determine the net heat exchanged during these processes (1 →2 and 2 
→3). 

 
A) +323 J 
B) −323 J 
C) +271 J 
D) −271 J 
E) +110 J 

Ans: ∆𝑄௉ = 𝑛𝐶௣∆𝑇ଵଶ = 𝐶௣𝑅 𝑃∆𝑉 = 52 𝑃∆𝑉 = 52 × 4 × 1.01 × 10ହ × 800 × 10ି଺ = 808 𝐽 ∆𝑄௏ = 𝑛𝐶௏∆𝑇ଶଷ = 𝐶௏𝑅 𝑉∆𝑃 = 32 𝑉∆𝑃 = 32 × 1600 × 10ି଺ × (−2 × 1.04 × 10ହ) = −484.84 𝐽 
 ∆𝑄௡௘௧ = ∆𝑄௉ + ∆𝑄௏ = 808 − 484.8 = 323.2 𝐽 
 
Q17. 

An ideal diatomic gas with 0.500 mol at T=273 K temperature and 1.00 atm pressure 
is compressed adiabatically to a pressure of 20.0 atm. What is the magnitude of the 
work done on the gas? 

 
A) 3.84 ×103 J 
B) 3.00 ×103 J 
C) 2.85 ×103 J 
D) 2.11 ×103 J 
E) 1.84 ×103 J 

Ans: 𝑛 = 0.5, 𝛾 =  75 = 1.4; 𝐶௏ = 52  𝑅; 𝑊 = −∆𝐸௜௡௧ = −𝑛𝐶௏∆𝑇 
 𝑇௜ = 273; 𝑇௙ = 𝑃௙𝑉௙ × 𝑇௜𝑃௜𝑉௜  ; 𝑉௜ = 𝑛𝑅𝑇௜𝑃௜ = 0.5 × 8.314 × 2731.01 × 10ହ = 0.01124 𝑚ଷ 

 𝑉௙ = ቆ𝑃௜𝑃௙ቇଵఊ ∙ 𝑉௜ = ൬ 120൰ହ଻ × 0.01124 = 1.323 × 10ିଷ 𝑚ଷ 

 𝑇௙ = 𝑃௙𝑉௙ × 𝑇௜𝑃௜𝑉௜ = 20 × 1.323 × 10ିଷ0.01124 × 273 = 642.52 𝑘 𝑊 = −0.5 × 52 × 8.314 × (6425 − 273) = −3840.25 𝐽 
 

Figure 6 
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Q18. 

Which of the following statement is True about change in entropy per cycle of a 
Carnot engine ΔScarnot, a real engine ΔSreal, and a perfect engine ΔSPerfect (impossible to 
build) working between the same hot reservoir (with temperature TH) and cold  
reservoir (with temperature TL)? 

 
A) ΔScarnot  = 0; ΔSreal > 0; ΔSPerfect < 0 
B) ΔScarnot  > 0; ΔSreal  = 0; ΔSPerfect < 0 
C) ΔScarnot = 0; ΔSreal > 0; ΔSPerfect = 0 
D) ΔScarnot  = 0; ΔSreal = 0; ΔSPerfect < 0 
E) ΔScarnot < 0; ΔSreal = 0; ΔSPerfect < 0 

 
Ans: 
 𝐴 
 
Q19. 

The efficiency of a real heat engine operating between a hot reservoir at 500 °C and a 
cold reservoir at 0.000 °C,  is 60.0 % of the efficiency of a  Carnot engine operating 
between the same hot and cold reservoirs. If the real heat engine and the Carnot 
engine do the same amount of work, what is the ratio of magnitude of  QH-real / QH-

Carnot? 
 

A) 1.67 
B) 1.44 
C) 1.87 
D) 1.91 
E) 1.99 

Ans: 
  𝜀௥௘௔௟ = |𝑊||𝑄ு|  𝑟𝑒𝑎𝑙 = 0.6 |𝑊||𝑄ு|  𝑐𝑎𝑟𝑛𝑜𝑡 

 |𝑄ு|  𝑟𝑒𝑎𝑙|𝑄ு|  𝑐𝑎𝑟𝑛𝑜𝑡 = 10.6 = 1.666 
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Q20. 

The coefficient of performance of a refrigerator is 5.0. The compressor uses 10 J of 
energy per cycle. How much heat energy is exhausted per cycle? 

 
A) 60 J 
B) 45 J 
C) 55 J 
D) 72 J 
E) 79 J 

Ans: 
  𝐾 = |𝑄௅||𝑄ு| − |𝑄௅| ⇒ |𝑄ு| = 𝑊 + |𝑄௅| 
 |𝑄௅| = 𝐾𝑊 = 5 × 10 = 50 𝐽 
 |𝑄ு| = 𝑊 + |𝑄௅| = 10 + 50 = 60 𝐽 
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