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University of California, Berkeley 

Physics 8A Spring 2007 (Professors Yury Kolomensky and Terry Buehler) 

Final Review / Practice Final Exam by Brian Shotwell (shotwell@berkeley.edu) 

 

 

PRACTICE FINAL EXAM SOLUTIONS 

 

 

1. Blitz Problems 

 

B1. The answer is a. Due to PV = nRT = NkT, we know that heating at constant pressure will tend to 

increase the volume of the gas (as opposed to heating at constant volume). When the gas expands, 

it loses energy in the form of work, and this energy (equal to nRDT) is the additional energy in the 

form of heat required to raise the internal energy of the gas. Answer choice b does not make sense 

in that heating a gas should not decrease its internal energy (i.e., decrease its temperature), and 

answer choice c is incorrect because an adiabatic process does not involve heat. 

 

B2. The answer is c. Let’s describe what happens: Heat is transferred to the ice cube in three stages: 

first to heat the ice cube up to 0±C, second to melt the ice cube, and third to bring the ice cube up 

to 25±C. The heat comes from the lake, which is the body providing the heat. The process is not 

isothermal, as the ice cube changes temperature throughout the process. In addition, because there 

is heat flow, the process is not adiabatic. For a process to be considered reversible it must always 

be “close” to equilibrium, which is to say that the temperature of the source of the heat and the 

receiver of the heat are always very close (not the case here). In addition, an irreversible process is 

on when the net entropy change of the universe is greater than zero – you had a problem on your 

homework which involves this situation, and DS was indeed positive. 

 

B3. The answer is b. The average Kinetic Energy of molecules in a gas is equal to both (
1
/2)mvrms

2
 

(which is how vrms is defined) and also (
3
/2)kT. Setting these equal, we see that if the absolute 

temperature T doubles, vrms must increase by sqrt(2) (m and k are constants). 

 

B4. The answer is d. Recall PEspring = ½k(Dx)
2
, which is quadratic in the displacement from equil., Dx. 

 

B5. The answer is b. The key here is looking at Newton’s Third Law (for every action there is an equal 

and opposite reaction). The pitcher delivers a force to the ball, which acts toward home plate. Thus 

there is a force on the pitcher from the ball, equal in magnitude but opposite in direction (away 

from home plate). The pitcher, however, does not move – this means the net force on him must 

equal zero. Hence there is a force to oppose the force of the ball on the pitcher… this force is the 

frictional force, and will therefore act towards home plate (note: if you really look at a baseball 

pitcher, he/she “falls” inward toward home plate as he/she throws the ball, so the force of the ball 

on the pitcher merely slows the fall). 

 

B6. The answer is d. Rotational Kinetic Energy, equal to ½ I w2
, is independent of the instantaneous 

angular acceleration. It is positive and has energy of Joules. In addition, it can be greater than 

translational kinetic energy (something spinning in place) or less than translational kinetic energy 

(a body moving without rotating). 

 

B7. The answer is c. Assuming you are 70 kg and that your average density is 1000 kg/m
3
 (that of 

water), you have a total volume of Vdisp = 70 kg [1m
3
 / 1000 kg] = 0.07 m

3
. The buoyancy force on 

you is Fbuoyancy = Vdisp rwaterg = [0.07 m
3
]*[1.2 kg/m

3
]*[9.8 m/s

2
] = 0.82 Newtons (~ 0.18 pounds). 

 



  

2 

B8. The answer is 71 m/s. The speed of transverse waves is equal to sqrt(t/m), where t = tension in the 

rope and m = linear mass density. If the diameter of the rope doubles, the cross sectional area 

increases by a factor of 4 (since A = pr
2
), and so m increases by a factor of 4. t will increase by a 

factor of two if we hang a mass twice as large on the rope. The overall speed of the wave, then, 

changes by a factor of sqrt(
2
/4). The new speed of the wave is therefore 100 

m
/s * sqrt(

1
/2) = 71 

m
/s. 

 

B9. The answer is 19 m/s. (this problem assumes the speed of sound in air is 340 m/s – it should have 

been written on the problem, as you are not really required to know this). The Doppler formula 

states fobserved = femitted * [(v 
+
/- vD) / (v 

+
/- vS)]. Here, vD = 0 (stationary audience), and we are 

solving for vS. The sign in the denominator is chosen to be negative for this problem – We know 

fobs > femitted since the source is moving toward the detector (bodies moving toward one another 

tend to increase pitch / frequency), and in order for [v / (v 
+
/- vS)] to be greater than 1, we must 

choose a negative in the denominator. Setting fobs = 277.18 Hz, femitted = 261.63 Hz, v = 340 m/s, 

and solving, we obtain vS = 19 m/s (about 43 miles per hour.. too fast for a person to run). 

 

B10. The answer is 99 (unitless). Call v0 = velocity of the 0.01M piece and v = velocity of the 0.99M 

piece. From conservation of momentum, we have [0.01M]*v0 = [0.99M]*v, implying v = (1/99)v0. 

The quantity we want is the ratio of kinetic energies: [½(0.01M)v0
2
] /  [½(0.99M)v

2
]. Plugging in 

our value of v in terms of v0 and canceling out the v0’s and the M’s, we obtain 99
2
 / 99 = 99. 

 

 

2. Hanging by Magic! 

 

a) We take the positive direction to be the direction of gravity for block M2 (and the radially inward 

direction for block M1). Calling the tension in the rope T, we have 

 

1) M2g – T = M2a (Fnet = ma for block 1)      and      2) T = M1a (Fnet = ma for block 2). 

 

Adding together the above two equations gives M2g = [M1+M2]*a 

 

Thus a = g*[M2/(M1+M2)] = (9.8 m/s
2
)*(60kg/70kg) = 8.4 m/s

2
 (downwards / radially inwards). 

 

b) D = (½)*a*t
2
 implies t = sqrt(2D/a) = sqrt[(2m)/(8.4m/s

2
)] = 0.49 seconds. 

  

c) The centripetal force which keeps M1 in a circular orbit is provided solely by the tension T. Since 

M2 is at rest, we know T = M2g. Plugging this into T = M1v
2
 / R, we get v = sqrt[RT/M1] = 

sqrt[gRM2/M1]. Plugging in values we get v = 7.7 m/s. 

 

d) The block M1 has angular momentum M1*R*v about the hole. The force bringing the mass M1 in 

has zero torque (since it is antiparallel to the moment arm), and therefore angular momentum is 

conserved. If the radius decreases by a factor of two, the velocity must increase by a factor of two 

to keep angular momentum constant – thus vnew = 15.3 m/s. 

 

Note the tension required for a circular orbit with this velocity is greater than before. This is why 

we must hold the mass M2 at the new position – we provide the extra tension. 

 

e) Again, T = M1vnew
2
 / Rnew = (10 kg)(15.3 m/s)

2
 / (0.5 meters) = 4700 Newtons. 

 

This is quite a bit more than the tension required to keep the mass at R = 1meter, 590 Newtons. 
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3. Walking down a rod, then shiii… 

 

a) Take the positive direction to be counter-clockwise: 
 
S t = 0 = T*L*sin q – Mp*g*x – Mr*g*(L/2) gives x = 0.87 meters. 

 

b) PEinital = KEfinal leads to Mp*g*(H/2) = ½*Mp*v0
2
. Solving for v0, we get v0 = 9.90 m/s. 

  

c) This is an inelastic collision. We use conservation of momentum with the initial time right before 

Sally grabs the bird, and the final time to be right after she grabs the bird. This gives us  

Mp*v0 = (Mp + Mb)*v. Solving for v gives v = 9.14 m/s. 

 

d) Again we will use conservation of energy. However, we *must* take our initial configuration to be 

the time right after Sally grabs the bird. This is because energy was lost in the inelastic collision 

between Sally and the bird. KEinitial + PEgraviational, initial = PEspring, final gives us: 

 

½*(Mp + Mb)*v
2
 + (Mp + Mb)*g*(H/2 + d) = ½*k*d

2
. 

 

Note the distance that Sally and the bird fall is not H/2, but H/2 + d. That is, the compression of the 

spring is an additional gravitational potential energy that is converted to spring elastic PE. 

 

 

4. Diatomic Molecule as a Spring 

 

a) The energy of one N2 bond is 945 kJ/mol [1mol / 6.022e23] = 1.57 x 10
-18

 Joules. 

 

A spring constant k is the constant such that V = ½*k*(Dx)
2
. Setting this equal to the potential in 

the problem, we obtain ½ ÿ k = a
2
 ÿ De. This gives k = 2 ÿ (1.1e10)

2
 ÿ (1.57e-18) N/m = 380 N/m. 

 

b) Half of the mass of one Nitrogen atom is m = ½ ÿ (14.00) g/mol = 1.16 x 10
-26

 kg. 

 

w = sqrt(k/m) = 1.8 x 10
14

 radians per second. 

f = w / (2p) = 2.9 x 10
13

 oscillations per second (or 2.9 x 10
13

 Hz). 

T = f 
–1

 = 3.5 x 10
-14

 seconds per oscillation. 

 

c) Avg. K.E. = (3/2)*k*T, where k here is not the spring constant but Boltzman’s constant, 

1.38 x 10
-23

 J/K. This gives us Avg. K.E. = 6.21 x 10
-21

 Joules. 

 

d) Total energy of the oscillator is 2*(6.21 x 10
-21

 Joules) = 1.24 x 10
-20

 Joules. 

 

When the distance between two Nitrogen atoms is minimized, there is no Kinetic energy (the atoms 

stop moving toward each other and start moving away from one another). Thus the total energy of 

the oscillator (found above) is equal to the potential energy stored in the “spring” at this moment. 

 

Hence 1.24 x 10
-20

 Joules = ½ ÿ k ÿ (rmin – re)
2
. Plugging in our previously attained value of k, along 

with the given value of the equilibrium bond length, we obtain rmin = 102 picometers. 
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5. Guitar Hero 

 

a) 

 
 

   
b) One way: Upon inspection of the graphs, we see that l1 = 2L, while l3 = 2L/3. We want f3 / f1 = 

(v/l3) / (v/l1) = l1/l3 = 2 / (2/3) = 3. Here we used the fact that the velocity of the wave is equal to 

the frequency times the wavelength. 

 

Another way: The frequency of a standing wave (formula from your textbook) is f = n ÿ v / (2L), 

where n is the n
th

 mode / n
th

 harmonic. Taking f3 / f1 we see that the factor v / (2L) cancels and we 

are left with f3 / f1 = 3 / 1 = 3. 

 

c) We want an equation of the form y = ym ÿ sin(kx) ÿ cos(wt). Note here ym is the maximum amplitude 

of our composite wave – the equation in the textbook has a factor of two in front because it treats 

the standing wave as a sum of two traveling waves (both with amplitude ym, giving a total 

amplitude of 2ym). The cos part controls the actual oscillation of the wave, while the sin part fixes 

the nodes at particular values. We cannot have the variable k in our answer (the problem asks for y 

in terms of other variables) – recall k = 2p/l, and for the 3
rd

 mode l3 = 2L/3. Therefore k = 3p/L, 

and plugging into our equation above, we obtain y = ym ◊ sin(3px/L) ◊ cos(wt). 

 

 

6. Older Pennies vs. Newer Pennies 

 

a) Variable names: Vp = Volume of penny, Mold = mass of old penny, Mnew = mass of new penny. 

Also, f = fraction of the new penny (by volume) occupied by Zinc, VCu = Volume of Cu in a new 

penny, and VZn = Volume of Zn in a new penny. 

 

First we find the volume of a penny: Vp = Mold / rCu. Now, we say that the total mass of a new 

penny is made up of a part due to Zinc and a part due to Copper: Mnew = MZn + MCu. 

Mnew = f ÿ Vp ÿ rZn + (1-f) ÿ Vp ÿ rCu, which gives us f = [Mnew – VprCu] / [VprZn – VprCu] = 0.90. A 

new penny is therefore 90% Zinc and 10% Copper. 

 

b) There is no melting in this region, so Q = Mold ÿ cCu, solid ÿ DT = 860 Joules. 

 

c) Here we need to know how much Zinc and Copper, by mass, is in the new penny (we found the 

fraction by volume in part a). Recall the mass of Zinc in the penny is f ÿ Vp ÿ rZn = 2.209 grams, and 

therefore MCu = 2.517 g – 2.209 g = 0.308 grams. We will split the amount of heat required Q into 

two parts, the part required to heat up the Copper (QCu) and the part required for the Zinc (QZn). 
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QCu can be calculated the same way as part b… QCu = (0.308 g) ÿ cCu, solid ÿ DT = 86 Joules. 

 

QZn is made up of three parts: the heat required to raise the temperature to 693K (which we will 

call Q1, the heat required to melt the Zinc (Q2), and the heat required to raise the temperature of the 

liquid Zinc from 693K to 1000K (Q3): 

 

Q1 = (2.209 g) ÿ cZn, solid ÿ (693K – 300K) = 347 Joules. 

Q2 = (2.209 g) ÿ Lf = 243 Joules. 

Q3 = (2.209 g) ÿ cZn, liquid ÿ (1000K – 693K) = 271 Joules. 

 

Adding everything together, we get that Q = QCu + QZn = QCu + (Q1+Q2+Q3) = 950 Joules. 

 

d) This question is on fluids. The penny rises when the force due to the difference in pressure equals 

the force due to gravity (the movement of air above the penny reduces the pressure, making the 

pressure on the bottom of the penny larger than the pressure on the top and creating a force on the 

penny due to the air). The force due to pressure can be found by looking at Bernoulli’s equation at a 

point A above the penny and a point B right below the penny: 

 

PA + ½ rair vA
2
 = PB 

 

Fpressure = (Surface area of penny) ÿ (PB – PA) = ½ ÿ A ÿ rair ÿ vA
2
. Setting this equal to Mnewg, we get 

vA = sqrt [2Mnewg / (rairA)] = 12 m/s (attainable by a person blowing). 

 

 

7. Little Johnny plays with Helium 

 

a) 

 
 

Because of the ideal gas law (PV = nRT), we 

know that an increase in temperature while 

holding volume fixed will increase the pressure 

(part 1). Part 2, an adiabatic expansion, is a 

curve steeper than the isotherm which goes 

through the same starting point. Finally, the 

isobaric (same pressure) compression from 

Johnny’s dad is the third step in the cycle, 

which brings the graph back to the same point 

at which it started. 

 
b) Before we start, we first find the number of moles of gas from PV = nRT: 

(101000 Pa) ÿ (1 m3) = n ÿ (8.31 J/[mol K]) ÿ (300K) gives n = 40.6 moles of Helium. 

 

Also, call the point at which we start A, the point right before Johnny opens the container B, and 

the point right after the gas expands C (A is the point on the bottom left of the above diagram, point 

B is the point on the top left, and C is the point on the bottom right). 

 

We split this problem into 3*3 = 9 parts: we find DEint, Q, and W for each of the three steps (1-3): 

 

Step 1: The gas does not expand in step 1, and therefore W = integral of p dV = 0. By the first law 

of Thermodynamics (DEint = Q – W), we have that DEint = Q. Here, Q = DEint = nCvDT = (40.6 

mol) ÿ (3/2) ÿ R ÿ (350K – 300K) = 25.3 kJ. 
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Step 2: The gas undergoes an adiabatic expansion, in which case Q = 0 and DEint = -W. In order to 

get DEint, we need to know the temperature change, and in order to get this we first find the volume 

change using PBVB
g
 = PCVC

g
. We know PB = 1.17 atm from PV = nRT along step 1 (T increased by 

a factor 350/300, so the pressure increased by the same factor). In addition, we know VB = 1 m
3
 and 

PC = 1 atm. Solving this equation with g = 1.67 (= 
5
/3) gives VC = 1.10 m

3
. Using PCVC = nRTC, we 

obtain TC = 330K. DEint = nCvDT = (40.6 mol) ÿ (3/2) ÿ R ÿ (330.K – 350.K) = -10.1 kJ. This 

instantly gives W = - DEint = 10.1 kJ. 

 

Step 3: In this case neither Q nor W is equal to zero. Because we return to the same starting point, 

the net change in internal energy is equal to zero when adding the three processes (since internal 

energy is a state function). This means that 0 = DEtot = DE1 + DE2 + DE3 = 25.3 kJ – 10.1 kJ + DE3. 

Solving this for DE3 gives DE3 = -15.2 kJ. Now, since the pressure is constant, the expression for 

the work becomes W = pDV (since p is constant it comes out of the integral, and the integral of 1 

dV is simply DV). Hence W = (101000 Pa)(1m3 – 1.10m3) = -10.1 kJ. Finally, from the 1
st
 law of 

thermodynamics, we know that Q = DEint + W = -25.3 kJ. 

 

c) Evident from the graph, the maximum volume occurs at point C (the bottom-right point on the 

graph). In part b we found this to be 1.1 m
3
. The maximum pressure occurs at point B (the top-left 

part of the graph)… the maximum pressure is 1.17 atm. Finally, the maximum temperature is at the 

isotherm furthest away from the origin. This, too, occurs at point B (in the adiabatic expansion the 

temperature went down) where the temperature was 350K. 

 

d) A change in entropy is equal to the integral of dQ/T. During step 2, Q = 0, so there is no change is 

entropy (which is always true for an adiabatic process) for step 2. Also, because entropy is a state 

function, and since we return to the same point on the PV diagram, we know that the net entropy 

change of the system is equal to zero, and therefore DStot = 0 = DS1 + DS3. This implies that the 

entropy change during step 3 is equal in magnitude and opposite in sign to the entropy change in 

step 3. Qualitatively, the entropy change is positive for step 1 and negative for step 3 because the 

entropy change has the same sign as Q (Q was positive for step 1 and negative for step 3). This 

makes sense, as the gas should become more disordered when it is heated and it should become less 

disordered (more ordered) when it is confined to a smaller volume. 

 

Why is the net change in entropy of the system zero? Well, we only looked at the entropy change of 

the system and not the surroundings. Clearly this is not a reversible situation, and so the entropy 

change of the universe = DSsystem + DSsurroundings will be greater than zero. 

 

 

 

Good luck on your final! 


