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Conceptual Question 32.06

Description: (a) An electromagnetic wave propagates along the +y direction as shown in the figure. If the
electric field at the origin is along the +z direction, what is the direction of the magnetic field?

Part A
An electromagnetic wave propagates along the 4y direction as shown in the figure. If the electric field at the
origin is along the -z direction, what is the direction of the magnetic field?

ANSWER:
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Problem 32.40

Description: (a) For a sinusoidal electromagnetic wave in vacuum, such as that described by the equations
E_y(x,t)=E_maxcos(kx-omega t) and B_z(x,t)=B_maxcos({kx-omega t), find the average energy density in the
electric field in terms of the average energy...

Part A

For a sinuscidal electromagnetic wave in vacuum, such as that described by the equations
Ey(z,t) = E,,,, cos(kx — wt) and B,(z,t) = B4, cos(kz — wt), find the average energy density in the

electric field in terms of the average energy density in the magnetic field (s ). Bronc = E?—f‘,‘ Bnﬂc

Express your answer in terms of the variable uj); and appropriate constants.

= & 4 E'-L ue,&ve - %é& Erms

ANSWER: 2 >
L1 > 1l "
UBav = W HM-‘ > M, B UM, one = 2 Mo EW‘\S
™ i
Also accepted: u,,. E - C’Bﬂﬁx = —— By
@a,

! U

« B Reove = 5 C'u'i' T & dhs Brax = Hu, ave
Problem 32.41

Description: A satellite d abowe the earth's surface transmits sinusoidal electromagnetic waves of frequency f
uniformly in all directions, with a power of 25.0 kW. (2) What is the intensity of these wawes as they reach a
receiver at the surface of the earth. ..

A satellite 565km above the earth's surface transmits sinusoidal electromagnetic waves of frequency 92.0MHz
uniformly in all directions, with a power of 25.0 kW,

Part A

What is the intensity of these waves as they reach a receiver at the surface of the earth directly below the ~
satellite? . T :&I 2O
ANSWER: 1-_F - X%xw0 N
A 1{“‘L d - -~
25800 9 N !
I = T—m = 6.23x107 W "y

[T (S‘fS’Xrog)L
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Part B 2y _ L - ¢ >
. . . , I = lS Ly{' A % ° CEM
What is the amplitude of the electric field at the receiver? °
ANSWER:

>
e = = Eﬂmﬁ = = . =
i 2000 3 € C —=
= A4 et =2 17%107
Emar = Y 55510755100 NS

Part C

What is the amplitude of the magnetic field at the receiver? B En Y
e
ANSWER:

e

S i ) o
L] A

V’ i 12 3 _ 12
By, = 3108 = 7.22x10 T

Part D

If the receiver has a totally absorbing panel measuring 15.0cm by 35.0c1n oriented with its plane perpendicular
to the direction the waves travel, what average force do these waves exert on the panel?

ANSWER: (prese®
- g = L
ST 18 - ¢ L
F = #&rrﬁ =1.09x10" N ety .
F-lun F—'— PM° A - C ¢ b
Part E

Is this force large enough to cause significant effects?
ANSWER:

O vyes
. @ no

Problem 17.78

Description: A 250 kg weight is hanging from the ceiling by a thin copper wire. In its fundamental mode, this
wire vibrates at the frequency of concert A {440 Hz). You then increase the temperature of the wire by 40
degree(s) C. (a) By how much will the...
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A 250 kg weight is hanging from the ceiling by a thin copper wire. In its fundamental mode, this wire vibrates at the
frequency of concert A (440 Hz). You then increase the temperature of the wire by 40 °C.

Part A

Express your answer using two significant figures.

ANSWER:

IAf|= 015 Hz

‘Part B
Will it increase or decrease?

ANSWER:

Q it will increase
® it will decrease

Part C

By what percentage will the speed of a wave on the wire change?

’// J
By how much wili the fundamental frequency change? = / /
YA . i

gl = '. ,
= g{‘ - .‘.‘-—_1!"";-!"”_;

: V= speed of- W)
-’\[\:".. |:-E{ ( T eeinbilan )

M= BBy WS demsHI

E:xpress your answer using two significant figures. T s Cansfonnt ¢ Wl L oed / “J‘ )

ANSWER:

im" = 34x102 %

Part D

Mg, —— }mﬁhg'vat mmes

/u - —__L CL( g‘tw‘? mass

g = T ey :J}IA‘G—;"E

L panat

J7

By what percentage will the wawelength of the fundamental standing wave change?

Express your answer using two significant figures.

ANSWER:

AX
t ¥= 6.8x102 %

Part E
Will wavelength increase or decrease?

ANSWER:

‘@ﬁ A= L A=l

Aing = 2Ly, ¢
kA > bt — 3L
7\ sale

N=2L > fuger L.

Bovgor N
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® it will increase

QO it will decrease

2 225 Yo — =i —————rw —

Problem 17.97

Description: (a) A typical student listening attentively to a physics lecture has a heat output of P. How much
heat energy does a class of N physics students release into a lecture hall over the course of a 50 min lecture?
(b) Assume that all the heat energy in ...

Part A

A typical student listening attentively to a physics lecture has a heat output of 120W . How much heat energy
does a class of 50 physics students release into a lecture hall over the course of a 50 min lecture?

Express your answer using two significant figures.

ANSWER: Q= Patx N
Q = N1r5in = 1.8x107 ] = I>ox $O0x60 S0
Vv
Part B

Assume that all the heat energy in part (a) is transferred to the 3600m? of air in the room. The air has specific
heat capacity 1020 J/(kg - K) and density 1.20 kg/m3. if none of the heat escapes and the air conditioning

system is off, how much will the temperature of the air in the room rise during the 50 min lecture?

Express your answer using two significant figures.

ANSWER: @ = mc bT

- f;VCéT

A o K .
1= Ve  xx3booyio

Part C

if the class is taking an exam, the heat output per student rises to 260W . What is the temperature rise during
50 min in this case?

AT =
Express your answer using two significant figures, i.2 X 3boD x>0

ANSWER: 62 - ]7 b‘t /\/

- )-60‘ g‘DxLO ' 50
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1

MEeDEae

— ..._.._...l._._zsg o
AT= ~Tu C

Problem 17.83

Description: A metal rod, made from metal 1, with a length of ## cm expands by ## cm when its temperature
is raised from 0.0 degree(s) C to 100.0 degree(s) C. A rod of a different metal (metal 2) and of the same length
expands by a distance of ## cm for the...

A metal rod, made from metal 1, with a length of 30.0c1n expands by 6.40x10"2cm when its temperature is raised
from 0.0 °C to 100.0 ° C. A rod of a different metal (metal 2) and of the same length expands by a distance of

3.80x10™2cm for the same rise in temperature. A third rod, also with a length of 30.0cm , is made up of pieces of
each of the above metals placed end-to-end and expands by a distance of 5.40x10~2¢m between 0.0 °C and 100.0

> ‘ (=
LoT
3, e - {4 xqg?
Part A o, B o« = kX0
3v /00 30 - /oo
Find the unexpanded fength of the portion of the composite bar made from metal 1.
3o-X T
. - .
ANSWER: ‘é\!/—s_‘ ) Al=o X
#g — dn ml " —9 + ol @a-—’k) ﬁp“
——=1 =185 m 5 =
Ly — iFa ©
@ O C 2
SlbXwo = o x-1oo
0{ + o> (30-X)E0
Part B =)sdve X
Find the unexpanded length of the portion of the composite bar made from metal 2.
ANSWER: 30 6)(
A = ;
— - S =115
( I By — o ’) 4 s

Problem 18.69

Description: You have two identical containers, one containing gas A and the other gas B. The masses of
these molecules are m_A= 3.34 * 104 - 27) ( kg) and m_B = 5.34 * 104 - 26) ( kg). Both gases are under the
same pressure and are at T. (a) Which molecules (A ...

You have two identical containers, one containing gas A and the other gas B. The masses of these molecules are

ma = 3.34 x 107 2"kg and mp = 5.34 x 10 *6kg. Both gases are under the same pressure and are at 15.0
°C.

Part A ? .

. 3n
Which molecules (A or B) have greater translational kinetic energy per molecule? K-er = 2 ,Q l

. o . . . pV=nRT
http://session.mastering physics.commyct/assignmentPrintView?assignment| D=2859182 v v 6/18
same



4/28/2014 Mastering Physics: Print View with Answers
ANSWER:

O A
OB
® Same

Part B /
Which molecules (A or B) have greater rms speeds? - -
El" = % m (V;ms T
ANSWER:

® A }Zarae m , Sim%r V)'ms

OB
O same

Part C

Now you want to raise the tempetature of only one of these containers so that both gases will have the same
rms speed. For which gas should you raise the temperature?

ANSWER: {ee 0\’30\/21
O A
NON:!
O Same
ay B
(§ C
Part D > 3 4
';_"' My V;ms - 3 gTI
At what temperature will you accomplish your goal? same
ANSWER: P 3 g f
B3 . . % mB %ﬂ\j == T
3 abeedd - 2 e 3
T = Perisiii (——-,5_ =273, l) = 4330 o
s Ma T DSolve T
= =7
mg T
Part E

Once you have accomplished your goal, which molecules (A or B) now have greater average translational
kinetic energy per molecule?

ANSWER: T. 26T ]ﬁa}w T LEMV
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O A
® B
O same

Problem 18.83

Description: (2) Compute the value of the molar heat capacity at constant wolume, C_V (kern 1pt}, for (CO)_2
on the assumption that there is no vibrational energy. (Note: (CO)_2 is linear; (SO) 2 and H_2 S are not. Recall
that a linear polyatomic molecule...

Part A

Compute the value of the molar heat capacity at constant wolume, Cy , for CO, on the assumption that there
is no vibrational energy. (Note: CO, is linear; SOy and Hy S are not. Recall that a linear polyatomic molecule

has two rotational degrees of freedom, and a nonlinear molecule has three.) ‘J'
Express your answer using four significant figures. C dok } R = 8’; i lf' m
ANSWER: v© 3
Cy = 20.79 J/(mol-K) ﬁ CO. (ﬂMW)
dof =3 +2

Part B Cv %{ R_

Compute the value of the molar heat capacity at constant wlume, Cyy , for SOy on the assumption that there
is no vibrational energy. (Note: CQOj is linear; SO, and H, S are not. Recall that a linear polyatomic molecule
has two rotational degrees of freedom, and a nonlinear molecule has three.)

Express your answer using four significant figures. 0 C[c,,}’-R Ja-qc = 2—(' 3
- ----
ANSWER: =2
- Cy = 2484 J/{(mol-K) ~ - _x D
>C- +R=3K
Part C

Compute the value of the molar heat capacity at constant wolume, Cy , for HaS on the assumption that there
is no vibrationat energy. (Note: CQO3 is linear; SO2 and H2 S are not. Recall that a linear polyatomic molecule
has two rotational degrees of freedom, and a nonlinear molecule has three.)

Express your answer using four significant figures.
ANSWER: come. =* [ LWQ/

Cv = 24.94 J/(mol-K)
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Part D

Compare with the measured values: for COq Cy=28.46 J/(mol - K), for SOz Cy=31.39 J/(mol- K), for
H;S Cy=25.95 J/(mol - K), and compute the fraction of the total heat capacity that is due to vibration for
CO;. (Note: COy is linear; SO3 and H2 S are not. Recall that a linear polyatomic molecule has two

rotational degrees of freedom, and a nonlinear molecule has three.) AAwys od oloe
v S
ANSWER: v +C,
Cv Unesured) ;T* P) v« V{ ‘
Cv ugra.tiﬂna[ = 0.270 'tmhs'( E é\ V'P&YQ‘WV\B-L
v yotaforend
S f4h —ov il CVLV) - C‘&m@zm.u T (o)
Part E Y 2 ¢

Compute the fraction of the total heat capacity that is due to vibration for SOq. {Note: COs is linear; SOy and
H2S are not. Recall that a linear polyatomic molecule has two rotational degrees of freedom, and a nonlinear

molecule has three.)
3131 24.7¢
ANSWER: —_—
23]

CV vibrational

Cy = 0.205

Part F

Compute the fraction of the total heat capacity that is due to vibration for HaS. ( Note: CQOs is linear; SOz and
H>S are not. Recall that a linear polyatomic molecule has two rotational degrees of freedom, and a nonlinear

molecule has three.) 75
~ . - — ?
ANSWER: EE__——-M

CV vibrational = T;

= -2
Cy 3.89x10

Problem 18.79

Description: (a) For what mass of molecule or particle is the rms speed equal to v_ims at a temperature of T?
(b) If the particle is an ice crystal, how many molecules does it contain? The molar mass of water is M. (¢)
Calculate the diameter of the particle if ...

Part A

hitp://session.mastering physics.com/myct/assignmentPrintView?assignmentl D=2859182

For what mass of molecule or particle is the rms speed equal to 1.05mm/ s at a temperature of 289K ?
. L= +m V - 3 ﬁ 3T
ANSWER: = 5 s =sRT = m= __-\-/-;-r;'
m

918
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SkpT

g

= 1.09x10~14 kg

1
f TiyEs

Part B

If the particle is an ice crystal, how many molecules doss it contain? The molar mass of water is 18.0g/m01

. £, L
ANSWER: 4 ad —m—%—% T ?

3_‘5’. ‘Ix j‘rT 11 8— !g
_ AN 383%10 ~ ! %t
- ‘i*nmgjj 3.63 - __‘_-_é- -
NA~10 A
% m
Nz —5—
Part C M(?
Calculate the diameter of the particle if it is a spherical piece of ice.
ANSWER; A = 2Y #
m
‘ L, JIL_-' Sn‘:ﬁ?, - 82,(10—6 f _ __’r__y_\_.. - “5‘1}1\:—%— = ‘I’;’:—(:S
d= PR m = \/ 3 iy 3

?4
osity of i<e: o 916] /g,’n*

Problem 19.44

Description: Three moles of argon gas (assumed to be an ideal gas) originally at a pressure of 1.50 * 10M (
Pa) and a wlume of V_1 are first heated and expanded at constant pressure to a volume of V_2, then heated at
constant wolume until the pressure reaches...

Three moles of argon gas (assumed to be an ideal gas) originally at a pressure of 1.50 x 10* Pa and a volume of
3.00x1072m? are first heated and expanded at constant pressure to a wlume of 4.45x102m3 | then heated at
constant volume until the pressure reaches 3.50 x 10*Pa., then cooled and compressed at constant pressure until
the wolume is again 3.00x%1 02m? | and finally cooled at constant.wolume until the pressure drops to its original

value of 1.50 x 10% Pa. P
¢ 3
X &= %
Part A \L T
. A—2X
Calculate the total work done by the gas during the cycle. i 5
ANSWER: ’ 4

W <0
area. m PV ér‘&“"""

ceoP sV
Part B ~ G — [‘S’WD?,) (4\49-:513:('5)

Calculate the net heat exchanged with the surroundings.

W= — {35 = L5 3 — Vi) =290

http://session,mastering physics.com/myct/assignmentPrintView?assignment/D=2852182 1018
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ANSWER: " e W
Q] = (350 — L3107 2 - 111 =290

6= (W]
Part C

Does the gas gain or lose heat overali?

ANSWER: S 9@ > 115\/

g gas gains heat @<o W<o mens wovk lme
gas loses heat tmie e C)/S'CCM\

maws et
Gmes ﬂvf'

Problem 19.45

Description: Two moles of an ideal monatomic gas go through the cycle abc. For the complete cycle, Q of
heat flows out of the gas. Process ab is at constant pressure, and process be is at constant wlume. States a
and b have temperatures T_a=## K and T_b=## K. (a)...

Two moles of an ideal monatomic gas go through the cycle abc. For the complete cycle, 750J of heat flows out of
the gas. Process ab is at constant-pressure,-and process be is at constant volume. States a and b have

temperatures T, = 205K and T3, = 320K Ccyde ,mcem)
(9]
24

Part A Q- 9(( + W onstant.

What is the work W for the process ca? 71

- 7_(_0 = Wﬂb '1'%, f Wc.o\
ANSWER:
W= —0—28314(T, - T,1=-2660 J Wy, = t PdV — p (v, —Va) =P ﬁ\/

Wea = -750 — 21§83 14 (220-3057) = nRaT = >« 5’\3,4(90-»«:;—)

Problem 16.41

Description: When a system is taken from state a to state b in the figure along the path acb, Q of heat flows
into the system and W_1 of work is done by the system. {a) How much heat flows intc the system along path
adb if the work done by the system...

When a system is taken from state a to state b in the figure along the path acb, 95.0J of heat flows into the system
and 63.0J of work is done by the system.

http://session.mastering physics.com/myct/assig nmentPrintView?assig nmentlD=2850182 1118
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P
Gl~ o U +w ?
1= (UL, N + 63/ A y / 41
ot - gl(J) . |
Py < ——y
V
0

Part A
How much heat flows into the system along path adb if the work done by the system is 20.0J ?
ANSWER: a->d-)
62 —a U + W

Q= -1 +1R,=520 7T

= (UL—U’G.)"(’ZO
- 32420 =5 ¥

Part B
When the system is returned from b to a along the curved path, the absolute value of the work done by the
system is 34.0J . How much heat does the system liberate?
b o (ared)  egntie work
ANSWER: vV decrentes
G? - ol W A 1
= — (~{ T~ 1Y) =66.0 —
Q= —i-G-Wi-8e.=0%0 J Q= (Ua-Us) + (34
= =32 -3¢ = =5 -4 Cf)
Part C
If the interal energy is zero in state a and 13.0J in state d, find the heat absorbed in the processes ad.
ANSWER: a2
A= sU+W

Q= U:+Ny=330 J C U e P 2V 2 came wolle

e as
= 13-0 + >°

n..-aj_,nL
WA T W

Part D
Find the heat absorbed in the processes db.
ANSWER:

hitp:ffsession.mastering physics.com/myct/assig nmentPrintView?assignmentiD=2859182 12118
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Q=1-MW-U;=190 ] (R"‘ @U’ryf'
Uy Uy = 32-13=110)

Problem 20.43 U ~a =32

Description: A heat engine operates using the cycle shown in the figure . The working substance is 2.00
moles of helium gas, which reaches a maximum temperature of 327 degree(s) C. Assume the helium can be
treated as an ideal gas. Process bc is isothermal. The...

A heat engine operates using the cycle shown in the figure . The working substance is 2.00 moles of helium gas,
which reaches a maximum temperature of 327 °C.

Assume the helium can be treated as an ideal gas. b
Process bc is isothermal. The pressure in states @ and ¢ ®
is 1.00 x 10°Pa and the pressure in state b is f
3.00 x 10°Pa.
N\
A7\
(1 @—— mm—
Ky
0 \
/ e zle \
Part A M T J
ar - / ~ B / L
How much heat enters the gas each cycle? S
ANSWER: W 1 : ' . ——
n c (o)
2.10x10* J
Cee alloche d Sw
Part B

How much heat |leaves.the gas sach cycle?

ANSWER:

cee  oftoche d  chodt

1.66x10% J

Part C W= Wee + Wca
How much work does the engine do each cycle? CV "‘\/0)
’ n R‘l}_ﬂh + et

—
—

Express your answer using two significant figures.

ANSWER:
http:/fsession.mastering physics.com/myct/assig nmentPrintView?assignmentlD=2859182 1318
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W= 4300 J

Also accepted: 4400

A N . . -—-""—____-___
What is the efficiency of this engine? - -
y - g . € - QH\ - PGYtA

Express your answer using two significant figures. \
ANSWER:

e=21%

Part E
What is the maximum possible efficiency attainable with the hot and cold resenwirs used by this cycle?
Express your answer using two significant figures. o Y,no't Cyc(e s -ﬁ!\.e max e
ANSWER: L
Tu—Te 2421 )—
e= 67 % e = __i'_{_____f . Q_____)___________—.
Fo. Vo,

Te= = R@

Problem 20.51

Description: A monatomic ideal gas is taken around the cycle shown in the figure in the direction shown in the
figure. The path for process ¢ rightarrow a is a straight line in the pV-diagram. (a) Calculate Q for the process a
rightarrow b. (b) Calculate W for...

A monatomic ideal gas is taken around the cycle shown in the figure in the direction shown in the figure. The path
for process c—>a is a straight line in the pV -diagram.

p
100X 10°Pa |- e —e b
1.00 ¥ 10° Pa |- e
| ! — T’f
| o0s500m' 0800 mt
‘Part A
14118
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Calculate £ for the process a—b.

ANSWER:

Q= 2.25x105 J

Part B
Calculate W for the process a—b.

ANSWER:

W = 9.00x10* J

Part C
Calculate AU for the process a—b.

ANSWER:

AU = 1,35%x105 J

Part D

Calculate (Q for the process b—rc.

ANSWER:

Q= -240x10% J

Part E

Caicuiate W for the process b—c.

ANSWER:
W=0J
Part F

Calculate AU for the process b—rc.

ANSWER:

AU = —2.40x105 J

MasterirgPhysics: Print View with Answers
a->b
&ﬁb = A.L{ab + Wﬁ-‘?

—

Wﬁl: e P“ (Vb" VQ)

AUGL = 'i': P&(VL’VA)

L—c 79 V=0

&Lc = AUL(_ +MC-

= 2 nR sl = 2 Vy (pe-p)

f’_‘ VL (Pc.' Fb)

hitp://session.mastering physics .conymyct/assignmentPrintView?assignmentiD=2859182
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‘Part G
Calculate @ for the process c—a.

ANSWER:

Q= 450x10* J

Part H

Calculate W for the process c—a.

ANSWER:

W= -g.oox10? J

Part |

Calculate AU for the process c—ra.

ANSWER:

AU = 1.05x105 J

Part J
What is () for one complete cycle?

ANSWER:

Q = 3.00x10* J

Part K

What is W for one complete cycle?

ANSWER:

W = 3.00x10* J

Part L
What is AU for one complete cycle?
ANSWER:

hitp:/fsession.mastering physics.commyct/assig nmentPrintView?assignmentl D =2859182
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€2 o
GZCG._ - alent Wco\

= %AR‘G‘T&\%' ELP&(%\’%}

— % &(P&\/ﬁ.— P(:VL) + @25),_ (%r‘\/c)

Wea = -0:;:@ (\/a-—\fc,)

8Ug = 5 (Pl peVe)

G? = PC‘YtA 4+ pa¥t D + port éf

b

part B+ part €4 pot H

bu: P(,\Yt C + pvt F +Pmk't1

-0
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AU=0 J

W frele
e=al ~ prAt g

Part M
What is the efficiency of the cycle?
ANSWER:

e= 111 % pote aﬂ - Payt _D (6? <O m[mvt D)

Problem 20.37

Description: A certain heat engine operating on a Camot cycle absorbs Qh of heat per cycle at its hot resenoir
at Th and has a thermal efficiency of e. (a) How much work does this engine do per cycle? (b) How much heat

does the engine waste each cycle? {c)...

A certain heat engine operating on a Camot cycle absorbs 146J of heat per cycle at its hot reservoir at 130°C and
has a thermal efficiency of 23.0%

Part A
How much work does this engine do per cycle? . W
e: ).3 fy = e
ANSWER: G- | &u!
= B = 33.6
W= "% J SW = {q,é £ o>
Part B ~
_ &C = @H - W
How much heat does the engine waste each cycle?
ANSWER:
_ b - 3%6
Q = f;r[l, = ‘112 J
13 -—
Part C - To (}'—)4’ fao0-Te
What is the temperature of the cold resenvoir? ez —— = 0237 ({30t21)
ot TH

ANSWER:

T, = Tr =313 °C

Part D

By how much does the engine change the entropy of the world each cycle?

http:/fsession.mastering physics.com/myct/assignmentPrintView?assignmentlD =2859182 17118



4/28/2014 Mastering Physics: Print View with Answers

ANSWER: covnot cyc(e A&:& a,@e

AS=0 J/K yoyersible prRSes 2 aS=o0
Part E
What mass of water could this engine pump per cycle from a well 37.0m deep?
le W = 3 3.(
ANSWER: ench cyc
m= w =926 g &U: mg!,\ - m*'?tgrf 3,7 1‘-‘?)3..6
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