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4' (a) Fg—apparatuv Fg bea ker Fg rubberball + F Wate/ = F —bea F g- rubberball pwaterg Vwate/

Fy parans =20 N +3.0N +(1000 kg/m’ )(9 Sm/s )(5.0x10° m*)
F, g—apparatus =54 N
(b) .
B
F, Fr

(©) Fy, —F,—-F, =0
F, -30N-40N=0

F,=70N

(d) P =p,,..gh=(1000 kg/m*)(9.8 m/s)(0.20 m)

P =1960 Pa

(e)
Higher X Lower The same

Some of the volume of the object that was displacing the water before the string was cut is now
above the surface of the water, and therefore, not displacing the water. So the level of the water
will fall as less water is now displaced by the rubber ball.
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2.(a)

Note: Vy, the volume of the overflow, is also the volume

of the oil that is displaced by the cup.

28
< 0
WAO s
i+
w0 &0 =
s
o |
kK, © 9
W aa
e

(m,+m.)

Po

el
s
V3
- rrorTTrTT T TTTTT T T T T T T 1T
T T T T A (N N EO A N
T T T T T A (N (N N H A N
bbb —F—F b — ]
N T 1 0 T
RN e e T O A N o
VR T S O O O PO O T O S
_| r T T T T 7T T T T T 1711717171 =]
I T (N N A N HO R A B =
I T T T T N A (R T (R T O B
At —+—F—F—F—F—F—F—F—d—— 4 ——— o —
I T T T T T A (N T N T RO B
N8
I [ I . =
I o I [ O T B =
I o I [ R T B
+ O A R 4 ————
N I [ T B
ERNEE BERENT-
T 0 [ A B S
[ N I I [ R T B S
[ N T R T I [ O O
Cr T IN T T T
R T R T I [ O T B o
L L1 L_1_ 11 1_1_ N SR PR AO_.
R T R R R | T R A B )
N T R R T [ R T B S
R N T R T I [ O T B
R
[ N T R T Il [ O T B S
L1 1_1_ 1\ (RN S [ U PR BN %
R T A R R T I T R A B >
[ N T T I I [ O T B S
[ T R R T I I [ O T B
F—bF—t—t—t—t—t—t—F—t—F—N—F—t—t—d——————
[ T R R T I I [ O T B
T N R R T o I [ O T B =
L r_r_r_+r_+r_1_1_1_1_ N SR PR - w
R T R R R TTTTTT I )
[ T R T [ [ S
[ N T T [ [
F—t—t—t—t+—f+—t+—t—t—t—F—t—F—N—t—"—————
[ T T T [ T R [ R
[ T T T [ T R | S
U N N N Y Y Y A I O Y W O N M [~
T T T N )
[ N R R T [ I N I\ 1 S
T T R R T [ T R I o
F—t—t—t—t—t+—t+—t—t—t—F—t—F—t—4 =\ ———
N T T T [ I N I o
[ O T R T [ T N I I
A_ | | | | | | | | | | | | |
Q o o o o o o o o Q
N %3] o~ O Vo <t o N —
S (W, 01 X) 24
N

ms (kg)

, SO po 1s the reciprical of the

AV,
Am

. The slope

m
LM
VO

ms
VO

(ms+mc),sop0 :(ms+mc):
Po Vo

D7,

slope.

915 kg/m’

~
g
A
o e
— |~
“ o
o ||
I | en
- |
g |w»n
o~
A=
o |
—_— | N
>
o
1o
Nl
Il
OS
S S
| <
Il
o
o
)
—
wn

0.00109 m* /kg. | p,is %lope

(e) the intercept of the line with the vertical axis is the volume of the oil displaced bythe mass of the cup.
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4.(a)e= ‘g, so the rate of work (power) divided by the rate of heat delivered also gives the efficiency.
WAt
e =
O/ At
6
012 — 45x10° W
0=38x10"W

(b) Since the locomotive is moving at a constant speed (no acceleration), the net force is zero.
Therefore, the resistive forces are equal and opposite to the force from the engine.
P.=F -vcosH
4.5 x 10° W = F(7.0 m/s)cos180

F=-64x10°N

(c)
1.The area bounded by the path ABCDA represents net work done (output) by the steam engine
during each cycle.
i =A=1-w=(3.0x10°N/m’ - 1.0x10° N/m*)(0.60m’- 0.20 m’) =8.0x 10* J
P = (8.0 x 10* J)(4 cycles/s)

P=32x10"W

(d)
X 4B X BC CD DA
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4. (a)n= n :ﬂ =122 moles
M 0018 kg
PV =nRT,
(3.0x10°Pa)(2.0 m*) = (122 moles)[8.31 J / (mol - K)]T,
T, =592K
(b) PV =nRT,

(4.0x10°Pa)(2.5m") = (122 moles)[8.31 J /(mol-K)]7.

T, =986 K

(©)

X Increase Decrease Remain the same

The temeprature at point C is greater than at point 4 as shown above. Therefore, the average
kinetic energy, and thus the internal energy, increases.

(d) The work done for step 4 — B is zero since there is no change in volume (the gas has not done

any work on the piston since there was no displacement of the piston). Therefore the work for
step B — C, calculated below, is the total work for the process 4 > B — C.

Wye =—PAV =~(4.0x10°Pa)(2.5m’ ~2.0 m*)

W, =-2.0x10°]
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Yes X No

Since the system is in equilibrium, the sum of the forces must be zero. There are three forces
acting on each object (gravity down, tension up, and buoyant down). Since all three objects have
the same mass, the force of gravity is the same for all three, but if they have different densities
they will have different buoyant force since this force is directly proportional to density

(F 5 =P &Vo ) Therefore, the tension in each string may be different.

(b)Y F=F,+F,—F, =0

Fr+F, —poVog=0
F, =(1300kg/m’)(1.0x 10~ m’)(9.8 m/s*) —0.0098 N

F, =0.12N

(c)

Fy = pngo
0.12N =p (9.8 m/s*)(1.0x 10 m*)

p, =1200 kg/m’

(d)

X Increase Decrease Remain the same

The upward bouyant force depends on the volume of the object submerged in the fluid. Since
only half of the object is now submerged in the fluid, the buoyant force will be half. The
downward force due to gravity is unaffected by this change, so the tension will increase since the
system remains in equilibrium (net force must equal zero).
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4. (a) vy2 =vy02+2g(y—yo) X Y

0=v,” +2(-9.8m/s*)(0.150m - Om) ~ woT¥ee0S30 Vycy:itglrlfo

v, =L71m/s=v, sin50 y=0.150 m
2=-9.8 m/s2

Vo = 224 m/S Vy=0 m/s

AV AAx . 3 2

(b)E_Tt_AV_W v-n(4.00x10 m) (2.24 m/s)
AV

—=1.13x10" m’ /s
At

() Al‘;l = A2V22
v =1y v,
(7.00x10% m)’v, = (4.00 x 107 m)’(2.24 m/s)
v, =0.731 m/s

P +pgy, +%pv12 =P, +pgy, +%p"22
P, +0+4(1000 kg /m*)(0.731 m/s)’

= (1.01x10° Pa) + (1000 kg /m*)(9.8 m/s*)(3.00 m) + (1000 kg / m* )(2.24 m/s)’
P, =1326x10° Pa=P, +1.01 x 10° Pa

P, =3.16x10" Pa
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5.(a)
Process w 0 AU
A—> B 0 + +
B—>C - + 0
C—> A + - -

(b) There is no work done for process A — B because volume remains constant so no work is done on
or by the helium gas. According to the ideal gas law, PV = nRT. During this process since
pressure is increasing at a constant volume (with the number of moles remaining constant), so the
temperature is increasing. Thus, heat is being added during this process as Q = nC,, AT. Finally,
according to the first law of thermodynamics, AU = Q +W. Since Q is positive (heat is added to
the system) and W is zero, AU must be positive.

(c) Since process B— C is an isothermic (constant temperature) process and the number of moles is
constant, Boyle's law applies.

PyVy =PVe
(5 atm)(0.0l m3) = (1 atm)VC

V. =0.05m’
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AV 72x10" m’
4, =
Y (2 min)(60 s/ min)

M:6.0x 10° m® /s
At

(b)M:A_N:AAZ:AV
At At At

6.0x10° m’ /s= (2.5 x 10° mz) oy

yv=24m/s

(c) P, +pgh, +%pv12 =P, +pgh, +%p"22
latm+(1.1x 10" kg/m*)(9.8 m/s*)-h+0=1atm+0+4(1.1x10° kg/m’)(2.4 m/s)’

h=029m

(d)
Left of the beaker In the beaker Right of the beaker

Since the hole is at the same height above the table, the time it takes for gravity to pull the liquid
to the table below will be the same. However, a decrease in the height of the liquid will decrease
the speed of the liquid as it exits the hole as shown by the Bernoulli Equation above. A decrease
in this horizontal speed means the liquid will not travel as far horizontally in this time it takes for
the liquid to hit the table.
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F
S(a)P—Z

F=PA =P’ =(40x10° Pa)r(0.10 m)’

F=13x10*N

(b) PV =nRT
(4.0x10° Pa)V” = (2.0 moles)(8.31 J /(mol-K))(300 K)

V =0.012m’

()W =F-d = PAAx = Prr* Ax = (4.0 x 10° Pa)m(0.10 m)*(0.15 m) = PAV

W =1900J

(d)

_ x_Heat is transferred to the gas.

_____ Heat s transferred from the gas.

___ No heat is transferred in the process.

This gas expanded at constant pressure which means the temperature must increase according to

the ideal gas law, PV = nRT, since volume is increasing. Therefore, heat would have to be added
to the gas to increase its temperature so it can maintain the same pressure in a larger volume.



2006 B

10 x10° Pa)(025 m’
5.(a)i. PV =nRT, son:P'Vl = ( . a)( . ) =807 moles
RT, [831J/(mol-K)](373 K)

PV, = nRT,
(10x10° Pa)(050 m*) = (807 moles)[831J / (mol-K)]T,

T, =746 K

ii. PV, = nRT,
(15 x10° Pa)(025 m") = (807 moles)[831 J / (mol - K)] T,

T3:560K

(b) The net work done will equal the negative of the area of the triangle bounded by the three states in
the P-V diagram.

Wyer =—+bh ==L APAV =—1(0.5x 10° Pa)(-0.25m’)

WNET =+6250J

(c)
Added X Removed Neither added nor removed

Mathematical Justification: The change in internal energy during a complete cycle is zero since
the cycle ends at the same state at which it starts. Further, AU =0 =0 + W, therefore,
O=-W=-62501. Since, Q is negative, heat is removed from the system.

Conceptual Justification: The positive work calculated above indicates that work was done on the
system by the environment which tends to increase the internal energy during the cycle. However,
the change in internal energy is zero for a complete cycle as mentioned above. Therefore, any
work done on the system by the environment must have been countered by an equal loss of heat so
the change in internal energy would be zero during a complete cycle.
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5.(a) ZF =Fg - F;=m,a

pgV, -mg=20 Note: V, is the volume of the raft, while V, is the volume of the
p.gV = p.gV raft that is under the surface of the water.
. Tl m p, = density of the fluid (water)
pgAh, = p gAh, Note: p = —, som = pV ) .
' o \ p, = density of the object (raft)
h,  p, Also, V, = Ah,, 501.80m* = (8.2m’)h,, thus h,=0.22 m
h,  650kg/m’ Finally, V, = Ah, .
022m 1000 kg/m’
h, =0.14 m

Now, h,=h, + A
022m=0.14m+h

h=0.08 m

() F, = p,gV, = p.gAh, = (1000kg/m")(9.8 m/s*)(8.2m)(0.14 m)

Fg=11,250N

(¢) ZF =Fg - Fy - Fgp = mya
F, - m g - nm,g = 0 where n = number of people
Fy - p,gV, = nmg
Fy - pogAho' = nm,g
11,250N - (650 kg/m*)(9.8 m/s*)(8.2m*)(0.14m) = n(75 kg)(9.8 m/s”)

n=>5
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=nRT

6. (a) PV

PAH = nRT

(b)

400

300

= 343x10° m/K

405K - 300K

147m - 1.1l m

- T1

Hz B H1
Tz

(c) Slope of graph, m

nR
PA

T, the slope m =

R
PA

From the relationship established in part (a) above, H

n[8.317/(k-mol)]
(101x10° J)(0.027 m*)

3.43x 107 m/K

1.13 moles

n=
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2. (a)P:Pa+PG
413 atm = 1 atm + Pg

PG =412 atm

(b) PG = pgh
(412 atm)*(1.0 x 10° Pa/atm) = (1025 kg/m’)*(9.8 m/s*)sD

D =4100 m

(c)P = ;, so F = PA = (412 atm)e(1.0 x 10° Pa/atm)e(0.0100 m?)

F=4.12X10°N
(d)a = v-vy, _ 100m/s - 0m/s
t 30.0's
a=0.333 m/s

(e) X =X + Vot + Ysat®
x =0+ 0+ %(0.333 m/s”)*(30.0 s)°

x=150m

(f) For the first 30.0 s (150 m), the ocean liner was accelerating. After this time, the ocean liner was
falling at a constant speed of 10.0 m/s. It fell to a final depth of 4100 m [see answer to part (b)
above].

X - X,
t

10.0m/s =

vV =

4100 m - 150 m
t

t=395s
Therefore, the total time it took the ocean liner to sink from the surface to the bottom of the ocean
1str=30.0s+395s

tT:425 S
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5. (a) i. W = -PAV = (600 N/m?*)(9.0 m’ - 3.0 m?)

W =-36001J

1. PVA = l’lRTA PVB = HRTB
Subtracting these two equations of state give P(Vg - V) =nR(Tg -Tx)

PAV =nRAT = 3600 J because PAV = -W = -(-3600 J) = 3600 J

AU = gmﬁLAT = %(3600])

AU = 5400 J
iii. AU=Q + W
5400 J = Q + (3600 )
Q=190007
(b)
900
8001
700
~ 600+
£ 500+
< 4001
= 3001
2001
1001
0
(c) i.

1.
added to X removed from

Since this compression is isothermal (no change in temperature), there is no change in internal
energy. Therefore, since AU =Q + W and AU =0, then Q =-W. W is positive during a
compression (because W =-PAV and AV is negative as the gas is compressed), so, Q has to be
negative which means heat is removed from the system (gas).
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5.@AU,, = U, -U =Q., +W,_, =687+ (-1207)
AU_,, = 5651]
(b) i.
___added to the gas _ X removed from the gas
AU, 0 = Qi T Wali Note: AU, ,, . = -AU_,, = -565]

5651 = Q, ., + 75)

Qa»bac = -640J

© Wy = Weyy + W, = -P(AV_,) + [-P(AV,,)]
We = 0 + {-(60x10% Pa)[(10x 10" m') - (0.75 x10% m’) ]}

W = -1501J

c—>d—a

(d)
X added to the gas removed from the gas

The change in internal energy for path cda is positive (565 J) and the work is negative (-150 J) so
the heat must be positive which means heat is added to the gas (715 J).

AU exdoa Qc—)d —a + Wc—)d—)a

5657 = Q. 4, + (-1507)

Q... = 7151
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6. (a) Pg = pgh = (1.025 x 10’ kg/m’)(9.8 m/s*)(35 m)

P;=3.5x 10° Pa

(b) P,=Pg+Pum=3.5x 10’ Pa+ 1.0x 10’ Pa

P,=4.5x 10’ Pa

(c)XF=Fr+Fg-F,=ma p = %lsom=pV

Fr+pgV-mg=0 V=1xwxh=(1.0m)2.0 m)(0.03 m)=0.06 m’
Fr+pigV - p,Vg=0
Fr + (1.025 x 10° kg/m*)(9.8 m/s*)(0.06 m?) - (2.7 x 10° kg/m’)(0.06 m*)(9.8 m/s”) = 0

Fr=985N

(d)

X increase decrease remain the same

The pull upward would have to increase to accelerate the plate upward. The acceleration would
change from zero to a +0.05 m/s.

SF =Fy +Fg - F,=ma p = %1
Fr+ pigV - mg = ma som=pV = (2.7 x 10° kg/m*)(0.06 m®) = 162 kg

Fr+pgV - p,Vg=ma

Fr + (1.025 x 10’ kg/m*)(9.8 m/s*)(0.06 m?) - (2.7 x 10° kg/m’)(0.06 m*)(9.8 m/s%)
= (162 kg)(0.05 m/s%)

Fr=993 N




6. (a)

(b)

(©)

(d)
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Method One-With the metric ruler measure the position of the bottom of the spring in relation to the table
top. Hang the mass, m, from the spring allowing the spring to stretch to an equilibrium position, and
measure the new position of the bottom of the spring with respect to the table top. Subtract this new
position of the bottom of the spring from its original position to determine the distance the spring stretched
which will be called Ax. Use the following mathematical argument to determine the spring constant:
2XF=F;-F,=ma
YF=kAx -mg=0
P

Ax
Method Two-Hang the mass, m, from the spring allowing the spring to stretch to an equilibrium position,
pull the mass a small additional distance and release such that the mass oscillates in simple harmonic
motion, and measure the time for ten oscillations using the stopwatch. Determine the period, T, of the
system by dividing the time for ten oscillations by ten. Determine the spring constant from the relationship

T = 275\/E.
k

The distance the spring stretches, Axy, due to the weight will be less when the object is in the fluid than out
of the fluid due to the buoyant force from the liquid on the object. Furthermore, the fluid that is displaced
by the mass will rise in the beaker.

The volume of the object can be determined in one of two ways. First, measure the change in volume of
fluid in the beaker caused by the immersion of the object in the fluid. This measurement of volume change
can be determined by using the equation for the voulme of a cylinder (V = nr*Ah), measuring the diameter
of the beaker (r = 72 of this diameter), and the distance the fluid rose, Ah, in the beaker using the metric
ruler. The change in volume of the liquid is caused by the displacement of the volume of the object.

Secondly, the volume of the object can be calulated from the definition of density, D = Vﬁ’ tobe V, = %

From the spring constant determined above and the distance
the spring stretches, Axy, the apparent mass, m’, and
apparent weight, m’g, can be determined using the
following mathematical argument:

2F =F, - F,’ = ma (where F,’ is apparent weight)

2F=F;+Fg-F,=ma

XF = kAx¢+ pr gV, -mg=10

prgV, =mg - kAx¢

prgV, =mg-m’g  (where, kAx;=m’g)

SF = kAx;- m’g =0 prgVo=(m-m’g
) m , m
m’g = kAx; - apparent weight pr gB =(m-m)g (where V, = B)
m = 22X apparent mass ;
m-m
o)
Note: F,’=F,-Fg m
Symbol Physical quantity
r Radius of beaker ('2 the diameter of the beaker)
Ah Height of fluid rise in beaker
Vo, Volume of object (volume of fluid displaced)
Ax¢ Distance the spring stretches from the hanging mass while in the fluid
m Mass of the object
m’ Apparent mass of the object when in the fluid
D Density of the object
pr Density of the fluid

Use the equations described above to calculate density of the fluid.
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F, 2
6.(a) P, =P, +—==1.02x10"Pa+ (2-50kg)(9§m/2s )
4 120x10 2 m

P,=1.04x 10° Pa

(b) P,V =P,V,
(1.02 x10° Pa)(1.50 x 10 m*) = (1.04 x 10° Pa)V,

V,=147x10°m’

(¢) X TIsobaric because the pressure on top of the piston has not changed. This must be equal in
pressure to that of the gas in the cylinder. Therefore, the pressure of the gas in the cylinder has not
chnaged during this process so it is isobatic. Furthermore, the temperature increases from 0°C to

100°C so it is NOT isothermal and heat is added to the gas from the boiling-water bath so it is
NOT adiabatic.

(d) X No because the pressure on top of the piston has been reduced so the pressure of the gas
within the cylinder is reduced to equalize the external pressure.

(e) The pressure is the same as stage 1. Use Charles’ Law.

Vl _ VZ

T, T,

150X107°m® ¥,
273K 373K

V,=2.05x10°m’
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6. (a)
Thermometer
—I —
Q@—— Aluminum é —
Ball = _
<( ) ) Bunsen é _
Burner z —
Ringstand Styrofoam Graduated Mass
Cup Cylinder Balance
with Lid

(b) mp = mass of empty beaker
mpp, = mass of beaker and unknown liquid
my; = mass of aluminum ball
tg = temperature of unknown liquid before adding hot aluminum ball
ta = temperature of unknown liquid after adding hot aluminum ball when temperature is no longer
rising

(C) myp = Mgy, - Mp
Heat Gained (Qg) = - Heat Lost (Qy)
mC ATy = marCarATa
mpcr(ta - tg) = MarCar(100° - ty)

(d) One possible source of error is the fact that the thermometer will absorb a small quantity of heat.
This error will result in the calculated value for the specific heat for the unknown liquid (cp) to be
higher than the actual value. The thermometer is made of glass and alcohol, with most of its mass
being the glass component. Furthermore, the majority of the heat absorbed by the thermometer is
due to the glass. Therfore, to reduce this error, the mass of the thermometer could be taken and
the specific heat of glass can be researched so that the heat absorbed by the thermometer can be
determined and included in the calulations.

A second source of error is that the styrofoam is not a perfect insulator, thus, it will absorb some
heat. To reduce this error, the mass of the the styrofoam cup could be taken and the specific heat
of styrofoam cup can be researched so that the heat absorbed by the styrofoam cup can be
determined and included in the calulations.



