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Solutions for Home work Problems

Fluid Mechanics: Chapter 11
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atmospheric pressure plus that due to the water. The water pressure P, at the depth 4 is
related to the pressure P, at the surface by Equation 11.4, P, = P, + pgh, where p is the

density of the fluid, g is the magnitude of the acceleration due to gravity, and / is the depth.
This relation can be used directly to find the depth.

SOLUTION We are given that the maximum difference in pressure between the outside
and inside of the lungs is one-twentieth of an atmosphere, or P, — P| = %(1.01><1O5 Pa).
Solving Equation 11.4 for the depth % gives

PP %(1.01x10° Pa)

h=-2—L =[0.50 m]

Jols (1025 kg/m3)(9.80 m/s2)

26.

REASONING The pressure P, at a lower point in a static fluid is related to the pressure P,
at a higher point by Equation 11.4, P, = P, + pgh, where p is the density of the fluid, g is

the magnitude of the acceleration due to gravity, and 4 is the difference in heights between
the two points. This relation can be used directly to find the pressure in the artery in the
brain.

SOLUTION Solving Equation 11.4 for pressure P, in the brain (the higher point), gives

P, =P, - pgh=16x10* Pa — (1060 kg/m®)(9.80 m/s?)(0.45 m) =[1.1x10* Pal

27.

REASONING The pressure P at a distance h beneath the water surface at the vented
top of the water tower is P=P, _ + pgh (Equation 11.4). We note that the value for h in

this expression is different for the two houses and must take into account the diameter of the
spherical reservoir in each case.

SOLUTION
a. The pressure at the level of house A is given by Equation 11.4 as P, =P, +09h, .

Now the height h, consists of the 15.0 m plus the diameter d of the tank. We first calculate
the radius of the tank, from which we can infer d. Since the tank is spherical, its full mass is
given by M = pV = p[(4/3)7r]. Therefore,
1/3

=5.00 m

r

N VI r_(SM Jm_ { 3(5.25x10%kg)

CAzp 4rp 47(1.000x10%kg/m®)

Therefore, the diameter of the tank is 10.0 m, and the height h, is given by
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hA =100m+150m=25.0m

According to Equation 11.4, the gauge pressure in house A is, therefore,

Py =Py = o0, = (1.000x10% kg/m®)(9.80 m/s?)(25.0 m) = |2.45x10° Pa

b. The pressure at house B is P; =P,

tm T P9Ng , where

hg =15.0m+10.0m-7.30m=17.7m

According to Equation 11.4, the gauge pressure in house B is

P, — Py = P9hg = (1.000x10° kg/m*)(9.80 m/s?)(17.7 m) = |1.73x10° Pa

28.

REASONING If the pressure is P, at a certain point in a static fluid (density = p), the
pressure P, in the fluid at a distance h beneath this point is P, = P, + pgh (Equation 11.4).

As discussed in Section 11.4, this expression becomes P when

atm — P mercuryghmercury
applied to the mercury barometer shown in Figure 11.11 of the text.

SOLUTION Using Equation 11.4 with P, =P, -, and P, =P,

9 oof + WE have

Pground = Froof +pairghair or I:)ground —Proot = pairghair

In this result, h; is the height of a column of air that equals the height of the building. We

can also express Pgmum| — Pt Using the mercury barometer, which indicates that
Pyround — Proor ~ COrTesponds  to a column of mercury that has a height of
hmercury =760.0-747.0=13.0 mm. Thus, we have
I:)ground - I:)roof =P mercuryghmercury

Equating the two expressions for B, — P, We obtain

I:)ground o I:)roof = Pair ghair =P mercuryghmercury or P airhair =P mercuryhmercury
Taking the density of mercury from Table 11.1 in the text and solving for h; gives

Prrercurymereury (13600 kg /m?)(13.0 x 107 m)

air Pair 1.29 kg /m?®
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44. REASONING The paperweight weighs less in water than in air, because of the buoyant

force Fi of the water. The buoyant force points upward, while the weight points downward,
leading to an effective weight in water of W}, .. = W— Fg. There is also a buoyant force

when the paperweight is weighed in air, but it is negligibly small. Thus, from the given
weights, we can obtain the buoyant force, which is the weight of the displaced water,
according to Archimedes’ principle. From the weight of the displaced water and the density
of water, we can obtain the volume of the water, which is also the volume of the completely
immersed paperweight.

SOLUTION We have
W, =W-F, o F,=W-W,

In water In water
According to Archimedes’ principle, the buoyant force is the weight of the displaced water,
which is mg, where m is the mass of the displaced water. Using Equation 11.1, we can write
the mass as the density times the volume or m = pV. Thus, for the buoyant force, we have

Fo =W-W aer =PV0

Solving for the volume and using p = 1.00 x 10° kg/m3 for the density of water (see
Table 11.1), we find

vV =W_Wlnwater — 6.9N-43N :| 27)(10_4 m3 |
9 (1.00x10° kg/m?)(9.80 m/s?)

45.

REASONING According to Equation 11.1, the density of the life jacket is its mass
divided by its volume. The volume is given. To obtain the mass, we note that the person
wearing the life jacket is floating, so that the upward-acting buoyant force balances the
downward-acting weight of the person and life jacket. The magnitude of the buoyant force is
the weight of the displaced water, according to Archimedes’ principle. We can express each
of the weights as mg (Equation 4.5) and then relate the mass of the displaced water to the
density of water and the displaced volume by using Equation 11.1.

SOLUTION According to Equation 11.1, the density of the life jacket is
Py = 1 (D

Since the person wearing the life jacket is floating, the upward-acting buoyant force Fy

balances the downward-acting weight 7}, of the person and the weight W; of the life jacket.

The buoyant force has a magnitude that equals the weight W, 5 of the displaced water, as
2

stated by Archimedes’ principle. Thus, we have

F

5 =W,

H,0 =Wp +W, )
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SOLUTION Solving Equation 4.2b for the acceleration a, gives

_Fg-W

ay -

1)

The weight W of an object is equal to its mass m times the magnitude g of the acceleration
due to gravity, or W = mg (Equation 4.5). The mass, in turn, is equal to the product of an
object’s density p and its volume V, so m = p V (Equation 11.1). Combining these two
relations, the weight can be expressed as W = pV g.

According to Archimedes’ principle, the magnitude Fg of the buoyant force is equal to the
weight of the cool air that the balloon displaces, so Fg =M. 419 = (P00l 2ir V)9 Since we

are neglecting the weight of the balloon fabric and the basket, the weight of the balloon is
just that of the hot air inside the balloon. Thus, m=m .. =0,V and

W= mhot airg = (phot airV)g :

Substituting the expressions Fg = (0,001 2iV)9 M = ProrairYs and W= (0,00 4,V)9 into
Equation (1) gives

a = FB™W _ PeoolairV9 ~ PhotairV9 _ (Peool air ~ Photir ) 9

y
m Phot airV Phot air

(129 kg/m® - 0.93 kg/m? }(9.80 m/sz)

_ -8 mis?

0.93 kg/m?®
49. REASONING AND SOLUTION The figure at the right shows the two F

forces that initially act on the box. Since the box is not accelerated, the BO
two forces must have zero resultant: Fgo— Wpox =0 . Therefore,

FB0 = Whox (1)
From Archimedes' principle, the buoyant force on the box is equal to Wbox
the weight of the water that is displaced by the box:

FBo = Wiisp (2)

Combining (1) and (2) we have Wyox = Wdisp, OF mbox & = Pwater€Vdisp- Therefore,

Mpox = pwaterVdisp
Since the box floats with one-third of its height beneath the water, Visp = (1/3)Vpox, or
Vdisp = (1/3)L3- Therefore,
L3

Pwat
mbox — wa3er (3)



Chapter 11 Problems 569

The figure at the right shows the three forces that act on the box after 4 F
water is poured into the box. The box begins to sink when B

Woox + Wwater > FB (4)

The box just begins to sink when the equality is satisfied. From

Archimedes' principle, the buoyant force on the system is equal to the W
weight of the water that is displaced by the system: Fg = Wyisplaced- Yy box
W
. . . . water
The equality in Equation (4) can be written as \
Mpoxg + Mwaterd = Mdisplacedg (5)

When the box begins to sink, the volume of the water displaced is equal to the volume of the
box; Equation (5) then becomes

Mpox + PwaterVwater = PwaterVbox-

The volume of water in the box at this instant is Viyater = Lzh, where £ is the depth of the
water in the box. Thus, the equation above becomes

Mpox + pwaterLzh = pwaterL3
Using Equation (3) for the mass of the box, we obtain

3

P water 2 3
+ P\vater Loh = Plater L

Solving for h gives

h=21=2(030m)=[020m]

50.

REASONING The fraction of the specimen’s apparent volume that is solid will be given by

Vsolid — Vsolid (1)
Vtotal Vsolid +Vho||ow

where V iy is the volume of the solid part of the specimen and V, .., is the volume of the

hollow part. Since the specimen weighs twice as much in air as it does in water,
W,;, = 2W,,.er - FuUrthermore, we are told that the density of the solid part of the specimen is
5.0x10% kg/m®; this is five times greater than the density of water pg,iq. SO that
Psolid = 2Psuig - Using this information and Archimedes’ principle, we will obtain a value

for the fraction expressed in Equation (1).

SOLUTION Let M represent the mass of the rock. Then, according to Equation 11.1, the
volume of the solid part of the rock is V iy =M / pig -
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Choosing downward as the positive direction, so y=+0.10m and a = +9.80 m/s%, the
cross-sectional area of the stream at a distance of 0.10 m below the faucet is

AV, (1.8x107* m?)(0.85 mys)

W5 +2ay \[(0.85 mis)? +2(9.80 mis?) (0.10 m)

=19.3x10"° m2

A=

59. REASONING The number N of capillaries can be obtained by dividing the total cross-
sectional area A4 cap of all the capillaries by the cross-sectional area Aeap of a single capillary.
We know the radius Feap of a single capillary, so Ay €N be calculated as Bogp =77 rcip. To
find 4 cap> W€ will use the equation of continuity.

SOLUTION The number N of capillaries is

A A
N = cap _ ca;p (1)
acap a rcap

where the cross-sectional area Aeap, of a single capillary has been replaced by Beap = 7Z'I’02ap.

To obtain the total cross-sectional area Acap of all the capillaries, we use the equation of

continuity for an incompressible fluid (see Equation 11.9). For present purposes, this
equation is

AV
aorta Yaorta
Acapvcap or Acap = y
cap

A

aortav

aorta —

2)

r

The cross-sectional area of the aorta is A orta ?

sorta = and with this substitution,

Equation (2) becomes

A .V 2
_ Taorta‘aorta 7T FaortaVaorta
cap — -

Vcap Vcap

A

Substituting this result into Equation (1), we find that

2
7 Vaorta Vv
ta
N = cap cap _ TaortaVaorta

2 2 2
4 rcap 4 rcap rcachap

2
_ (1.1cm) (240 cm/s) :

(6><10‘4 cm) (0.07 cm/s)
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66.

REASONING P, = 1 atmosphere
a. The drawing shows two v =0m/s

points, labeled 1 and 2, in the !
fluid. Point 1 is at the top of
the water, and point 2 is
where it flows out of the dam
at the bottom. Bernoulli’s

equation, Equation 11.11,

can be used to determine the P, = 1 atmosphere
speed v, of the water exiting

the dam. V)

———

b. The number of cubic é =

meters per second of water
that leaves the dam is the volume flow rate Q. According to Equation 11.10, the volume
flow rate is the product of the cross-sectional area A, of the crack and the speed v, of the

water; Q = A,V,.

SOLUTION
a. According to Bernoulli’s equation, as given in Equation 11.11, we have

P1+%pV12 + o0y, = P2+%pV§+ng2

Setting P, = P., v, = 0 m/s, and solving for v.,, we obtain
1~ V1 2
v, =29(y;-Y,) =\/2(9.80 m/sz)(15.0 m) =[17.1 mvs]

b. The volume flow rate of the water leaving the dam is

Q= A, =(1.30x10°m?)(17.1mis) = 2.22x102 m3s (11.10)

67.

REASONING The pressure P, the fluid speed v, and the elevation y at any two points in an
ideal fluud of density p are related by  Bernoulli’s equation:

R +% pV12 +p0y; =P, +% pvg + gy, (Equation 11.11), where 1 and 2 denote, respectively,

the first and second floors. With the given data and a density of p =1.00 x 10 kg/m> for
water (see Table 11.1), we can solve Bernoulli’s equation for the desired pressure P,.

SOLUTION
Solving Bernoulli’s equation for P, and taking the elevation at the first floor to be y; =0 m,

we have
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P, =R e B pa ()

~3.4x10° Pa+(1.00x10° kgim? )| (2.1 mis)’ ~(3.7 mis)’ |

+(1.00x10° kg/m®)(9.80 m/s?)(0 m~4.0m) =

68.

REASONING The volume of water per second leaking into the hold is the volume flow
rate Q. The volume flow rate is the product of the effective area A of the hole and the speed
v, of the water entering the hold, Q = Av, (Equation 11.10). We can find the speed v, with

the aid of Bernoulli’s equation.

SOLUTION According to Bernoulli’s equation, which relates the pressure P, water speed
v, and elevation y of two points in the water:

P+ 0% + gy, = Py +1 pV5 + pay, (11.11)

In this equation, the subscript “1” refers to the point below the surface where the water
enters the hold, and the subscript “2” refers to a point on the surface of the lake. Since the
amount of water in the lake is large, the water level at the surface drops very, very slowly
as water enters the hold of the ship. Thus, to a very good approximation, the speed of the
water at the surface is zero, so v, = 0 m/s. Setting P, = P, (since the empty hold is open to

the atmosphere) and v, =0 m/s, and then solving for v,, we obtainy, = Zg(yz—yl).

Substituting v, =,/2g(y, -, ) into Equation 11.10, we find that the volume flow rate Q
of the water entering the hold is

Q= Ay = A\J29(y, - y;) = (8.0x10*m? ), [2(9.80 mis? ) (2.0 m) =[5.0x10°2 ms]

69.

REASONING Since the pressure difference is known, Bernoulli’s equation can be
used to find the speed v, of the gas in the pipe. Bernoulli’s equation also contains the
unknown speed v, of the gas in the Venturi meter; therefore, we must first express v, in
terms of v, . This can be done by using Equation 11.9, the equation of continuity.

SOLUTION
a. From the equation of continuity (Equation 11.9) it follows that v, =(A2/ A1)V2'
Therefore,
0.0700 m?
' 0.0500m? ? (L40)v,

Substituting this expression into Bernoulli’s equation (Equation 11.12), we have
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P +2p(140Vv,)* =P, +1pv’
Solving for v, , we obtain

2(P, - P
Vz:\/ ( o 1) :\/ 2(120 Pa) :

o (140)2 -1 1\ (1.30kg/m?) (1.40)2 -1

b. According to Equation 11.10, the volume flow rate is

Q=A,v, =(0.0700 m*)(14 m/s) =| 0.98 m®/s

70.

REASONING The gauge pressure in the reservoir is the pressure difference P, —R
between the reservoir (P,) and the atmosphere (P,). The muzzle is open to the atmosphere,

so the pressure there is atmospheric pressure. Because we are ignoring the height difference
between the reservoir and the muzzle, this is an example of fluid flow in a horizontal pipe,
for which Bernoulli’s equation is

P+ipvi=P,+1pv (11.12)

Solving Equation 11.12 for the gauge pressure P, — P, yields

2 2 2

P,—P =3pvi —5pV; =3 pV; (1)
where we have used the fact that the speed v, of the water in the reservoir is zero. We will
determine the speed v, of the water stream at the muzzle by considering its subsequent
projectile motion. The horizontal displacement of the water stream after leaving the muzzle
is given by X =Vt +%axt2 (Equation 3.5a). With air resistance neglected, the water stream

undergoes no horizontal acceleration (a, =0 m/s?). The horizontal component Vo Of the
initial velocity of the water stream is identical with the velocity v, in Equation (1), so

Equation 3.5a becomes
x:v1t+%(0 m/sz)t2 o vy =% )

The wvertical displacement y of the water stream is given by y=voyt+%ayt2

(Equation 3.5b), where a,=-9.8 m/s? is the acceleration due to gravity, with upward taken

as the positive direction. The velocity of the water at the instant it leaves the muzzle is
horizontal, so the vertical component of its velocity is zero. This means that we have
Voy = 0 m/s in Equation 3.5b. Solving Equation 3.5b for the elapsed time t, we obtain

y=(0m/s)t+%ayt2 or t= % (3)
y
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CHAPTER 12 |TEMPERATURE AND HEAT

PROBLEMS

1. REASONING
a. According to the discussion in Section 12.1, the size of a Fahrenheit degree is smaller
than that of a Celsius degree by a factor of %; thus, 1 F° =gC°. This factor will be used to

find the temperature difference in Fahrenheit degrees.

b. The size of one kelvin is identical to that of one Celsius degree (see Section 12.2),
1 K = 1C° Thus, the temperature difference, expressed in kelvins, is the same at that
expressed in Celsius degrees.

SOLUTION
a. The difference in the two temperatures is 34 °C —3 °C =31 C°. This difference,
expressed in Fahrenheit degrees, is

Temperature difference = 31 C° = (31 joud )(

g{j

b. Since 1 K =1 C°, the temperature difference, expressed in kelvins, is

Temperature difference = 31 C° = (31 2¢ )( 1K )

jod

2. REASONING We will first convert the temperature from the Kelvin scale to the Celsius
scale by using Equation 12.1, T, =T — 273.15, where T_ is the Celsius temperature and T is

the Kelvin temperature. Then, following the approach discussed in Section 12.1, we will
convert from the Celsius scale to the Fahrenheit scale by multiplying the Celsius
temperature by a factor of 9/5 and adding 32 to the result.

SOLUTION The temperature on the Celsius scale is
T.=T —273.15=(312.0-273.15)°C=38.9°C (12.1)

The temperature of 38.9 °C is equivalent to a Fahrenheit temperature of

Temperature = (38.9)@) +32.0=|102°F
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10. REASONING The change in length AL of the pipe is proportional to the coefficient of

linear expansion « for steel, the original length L of the pipe, and the change in temperature

AT . The coefficient of linear expansion for steel can be found in Table 12.1.

SOLUTION The change in length of the pipe is

AL =a L AT =[12x1070 (c°) L (65 m)[18°C - (~45°C)]=| 49x10 2 m |  (122)

11. REASONING AND SOLUTION Using Equation 12.2 and the value for the
coefficient of thermal expansion of steel given in Table 12.1, we find that the linear
expansion of the aircraft carrier is

AL = aLyAT=(12 x 10° C°)(370 m)(21 °C - 2.0 °C) =[ 0084 m| (12.2)
12. REASONING The height L, of the Eiffel Tower at the lower temperature can be
determined from L, =AL/(aAT) (Equation 12.2), where AL is the increase in the height,
a is the coefficient of linear expansion for steel, and AT is the change in temperature. The
coefficient of linear expansion for steel can be found in Table 12.1.
SOLUTION The height of the Eiffel Tower at the lower temperature is
-2
L= AL 19.4_>;10 m _[32x102m (122
AT [12x10% (c?) *|[41°C - (-9°C)] |
13. REASONING AND SOLUTION

a. The radius of the hole will be | larger | when the plate is heated, because the hole

expands as if it were made of copper.

b. According to Equation 12.2, the expansion of the radius is Ar = a r,AT. Using the value

for the coefficient of thermal expansion of copper given in Table 12.1, we find that the
fractional change in the radius is

Arlry=a AT=[17 x 1078 (C°)!](110 °C - 11 °C) =| 0.0017
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14.

REASONING AND SOLUTION The value for the coefficient of thermal expansion of
steel is given in Table 12.1. The relation, AL = a L AT, written in terms of the diameter d of

the rod, is

AT = Ad 0.0026 cm _[11I0ce (122

ady  [12x107 (C°)™ |(2.0026 cm)

15.

REASONING AND SOLUTION The change in the coin’s diameter is
Ad = a dyAT, according to Equation 12.2. Solving for o gives

Lo Ad 23x10°m
dy AT (1.8x1072 m)(75C°)

17x10° (C°)! | (12.2)

16.

AL
REASONING The average speed V of the flagpole’s contraction is given by \T:E

(Equation 2.1), where AL is the amount by which it contracts, and A¢ is the elapsed time.
The amount of contraction the pole undergoes is found from AL =aL AT (Equation 12.2),

where «a is the coefficient of thermal expansion for aluminum (see Table 12.1 in the text), L,

is the length of the pole before it begins contracting, and AT is the difference between the
higher and lower temperatures of the pole.

SOLUTION Substituting AL = L AT (Equation 12.2) into V :i—lt' (Equation 2.1) yields

a LOAT
At

V=

(1

The elapsed time Af is given in minutes, which must be converted to SI units (seconds)
before employing Equation (1):

At=(27.0 m‘rﬁ)Elii:ﬁjzleszo s

Substituting this result and the given values into Equation (1), we obtain

—18.6x107% m/s

[23x20® (€)™ ](29m)[12.0 “C~(-200 °C)|
1620 s

V=

17.

REASONING According to AL =aLyAT (Equation 12.2), the factors that determine the

amount AL by which the length of a rod changes are the coefficient of thermal expansion ¢,
its initial length L, and the change AT in temperature. The materials from which the rods
are made have different coefficients of thermal expansion (see Table 12.1 in the text). Also,
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the change in length is the same for each rod when the change in temperature is the same.
Therefore, the initial lengths must be different to compensate for the fact that the expansion
coefficients are different.

SOLUTION The change in length of the lead rod is (from Equation 12.2)

AI_L = aL I_0, LAT (l)
Similarly, the change in length of the quartz rod is
AL, = ay Ly (AT 2)

In Equations (1) and (2) the temperature change AT is the same for both rods. Since each
changes length by the same amount, AL = AL, Equating Equations (1) and (2) and solving
for L, , yields

Lo = [ﬂJ L, { 29x10° (C] }(0.10 m)=[58m

a, 0.50x107°(Co™

The values for the coefficients of thermal expansion for lead and quartz have been taken
from Table 12.1.

18. REASONING To determine the fractional decrease in length AL , we need

,Silver + I‘0 Gold
the decrease AL in the rod’s length. It is the sum of the decreases in the silver part and the
gold part of the rod, or AL =AL + AL, 4 Each of the decreases can be expressed in

terms of the coefficient of linear expansion «, the initial length L), and the change in

Silver

temperature AT, according to Equation 12.2.

SOLUTION Using Equation 12.2 to express the decrease in length of each part of the rod,
we find the total decrease in the rod’s length to be

AL = agjiyer Lo sitverAT + 01010, GoldAT

AI'&Silver AI‘Gold
The fractional decrease in the rod’s length is, then,
AL _ Psilver Lo, sitverAT *+ %co1qLo, GotdAT

Lo siiver + Lo, cold Lo siiver + Lo, Gold

Sy LO Silver AT + Ao I‘0 Gold AT
I‘O,Silver + LO Gold I‘O,Silver + I‘O Gold

Silver fraction = % Gold fraction = %
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Recognizing that one third of the rod is silver and two thirds is gold and taking values for the
coefficients of linear expansion for silver and gold from Table 12.1, we have

AL 1 2 1 2
LO,SiIver N LO ol = Usijver (gj AT + XGold (ngT = {aSilver (é] T Gold (5)} AT

_ {[19x10‘6 (co)ﬂ@{mxm—ﬁ (co)—l}(gj}(za c)=

19. REASONING AND SOLUTION AL = al (AT gives for the expansion of the aluminum

ALp= apLpAT 1)

and for the expansion of the brass
ALg = agLgAT 2

The air gap will be closed when AL, + AlLg =1.3x 1073 m. Thus, taking the coefficients of

thermal expansion for aluminum and brass from Table 12.1, adding Equations (1) and (2),
and solving for AT, we find that
AL, + AL -3
AT = A B _ : 13X1O m : :21Co
apla+agly [ 23107 (C)|(LOm)+[19x10 (c*) ™ |(2.0m)

The desired temperature is then

T'=28°C+21C°=|49°C

20. REASONING Young’s modulus Y can be obtained from F =Y (AL/L;)A (Equation

10.17), where F'is the magnitude of the stretching force applied to the ruler, AL and L, are

the change in length and original length, respectively, and 4 is the cross-sectional area.
Solving for Y gives
Y = Flo

~ AAL

The change in the length of the ruler is given by AL = aL AT (Equation 12.2), where « is

the coefficient of linear expansion and AT is the amount by which the temperature changes.
Substituting this expression for AL into the equation above for Y gives the desired result.

SOLUTION Substituting AL = aL AT into Y =FL,/(AAL) and using the fact that
AT =39 C°, we find that
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Therefore, the volume V of the carbon tetrachloride at —13.0 °C is

V =(254x107 m3){1—[1240x1o—6 (C°)—1][75.o "C-(-130 °c)}}= 2.26x107* m3

We have taken the value for g, the coefficient of volume expansion for carbon tetrachloride,
from Table 12.1 in the text.

31.

REASONING AND SOLUTION The volume V[ of an object changes by an
amount AV when its temperature changes by an amount AT ; the mathematical relationship
is given by Equation 12.3: AV = SV,AT | Thus, the volume of the kettle at 24 °C can be
found by solving Equation 12.3 for V. According to Table 12.1, the coefficient of

volumetric expansion for copper is 51x 10°° (C°)_1. Solving Equation 12.3 for \f, we
have

AV 1.2x107° m?

BAT [51x10°° (C°)'](100 °C—24 °C)

32.

REASONING Consider one gallon of cider on a day when the temperature is 4.0 °C. On a
day when the temperature is 26.0 °C the volume of this cider will be greater than one gallon
due to volume thermal expansion. It will be greater by an amount AV =gV, AT

(Equation 12.3), where f is the coefficient of volume expansion, V,, is the initial volume of

one gallon, and AT is the change in temperature. You can sell this extra volume of cider for
$ 2.00 per gallon and earn a bit of extra cash.

SOLUTION According to Equation 12.3, the change in volume of the cider is
AV = BVoAT =[ 280 x 107 (C°)™ |(1.0 gal)[ (26 °C)—(4.0 °C)]=6.2 x 107 gal

At a cost of two dollars per gallon, this amounts to

(62 x 107 gal) (%}ﬂo.m or
ga

33.

REASONING AND SOLUTION Both the coffee and beaker expand as the temperature
increases. For the expansion of the coffee (water)

AV = PV AT
For the expansion of the beaker (Pyrex glass)
AV =B VAT

The excess expansion of the coffee, hence the amount which spills, is
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SOLUTION Applying the energy-conservation principle and using Equation 12.4 give

CliquidMATLiquid = ColassMA TG lass

—_—
Heat gained by liquid  Heat lost by glass

Since it is the same for both the glass and the liquid, the mass m can be eliminated
algebraically from this equation. Solving for CLiquid and taking the specific heat capacity for

glass from Table 12.2, we find

o Cotass?Tolass _ 840 J/(kg-C) |(83.0 C°-530 C) =|2500 J/ (kg-C®)
Liquid ATLiquid (53.0 C°-43.0 CO)

47.

REASONING The metabolic processes occurring in the person’s body produce the heat that
is added to the water. As a result, the temperature of the water increases. The heat Q that
must be supplied to increase the temperature of a substance of mass m by an amount AT is
given by Equation 12.4 as Q = cmAT, where c is the specific heat capacity. The increase AT
in temperature is the final higher temperature T, minus the initial lower temperature 7.

Hence, we will solve Equation 12.4 for the desired final temperature.

SOLUTION From Equation 12.4, we have
Q=cmAT =cm(T; -T)

Solving for the final temperature, noting that the heat is Q= (3.0 x 10° J/h)(0.50 h) and
taking the specific heat capacity of water from Table 12.2, we obtain

-l

3.0x10° J/h})(0.50 h
T, :T0+3=21.oooc:+ ( )( )
cm [4186 3/ (kg -co)](1.2><1o3 kg

48.

REASONING The change AT in temperature is determined by the amount Q of heat added,
the specific heat capacity ¢ and mass m of the material, according to Q =CcmAT (Equation

12.4). The heat supplied to each bar and the mass of each bar are the same, but the changes
in temperature are different. The only factor that can account for the different temperature
changes is the specific heat capacities, which must be different. We will apply
Equation 12.4 to each bar and thereby determine the unknown specific heat capacity.

SOLUTION The heat supplied to each bar is given by Q =CmAT (Equation 12.4). The
amount of heat O supplied to the glass is equal to the heat Qg supplied to the other
substance. Thus,

Qs =Qg or Cg MAT; =cgmAT (1)
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Quort = (045 kg) {[9.00><102 J/(kg- C°)](660 °C—130 °C)+4.0x10° J/kg} =|3.9%10°J

58. REASONING The amount of heat removed when a liquid freezes into a solid is determined
by its latent heat of fusion L;. The amount of heat removed is Q =mL; (Equation 12.5),
where m is the mass of the material that freezes. The latent heat of fusion for water is
33.5 x 10* J/kg, whereas the value for ethyl alcohol is 10.8 x 10% J/kg, as given in
Table 12.3.

SOLUTION The same amount of heat is removed from the water as from the ethyl alcohol.
Therefore, applying Equation 12.5 to each material, we have

Quater = Qalcohol or Myvater Lf water — Malcohol Lf alcohol
Solving this expression for m,,. . ., gives
Lf water 335 x 104 \]/kg
m =m ——=(3.0k =19.3 k
alcohol water Lf aleohol ( g) 10.8 x 104 J/kg
59. REASONING

a. When water changes from the liquid to the ice phase at 0 °C, the amount of heat released
is given by QO = mL; (Equation 12.5), where m is the mass of the water and L is its latent

heat of fusion.

b. When heat Q is supplied to the tree, its temperature changes by an amount A7. The
relation between Q and AT is given by Equation 12.4 as Q =cmAT , where c is the specific

heat capacity and m is the mass. This equation can be used to find the change in the tree’s
temperature.

SOLUTION
a. Taking the latent heat of fusion for water as L, = 33.5 x 10 J/kg (see Table 12.3), we
find that the heat released by the water when it freezes is

Q=mL, =(7.2 kg)(33.5x10* Jfkg) =

b. Solving Equation 12.4 for the change in temperature, we have

6
AT Q 2.4x10° J

_Q_ -[53¢7
cm [2.5><1O3 J (kg -C°)](180 kg)

60.

REASONING
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Chapter 14 Problems 693

REASONING The mass (in grams) of the active ingredient in the standard dosage

is the number of molecules in the dosage times the mass per molecule (in grams per
molecule). The mass per molecule can be obtained by dividing the molecular mass (in
grams per mole) by Avogadro’s number. The molecular mass is the sum of the atomic
masses of the molecule’s atomic constituents.

SOLUTION Using N to denote the number of molecules in the standard dosage and

M olecule tO denote the mass of one molecule, the mass (in grams) of the active ingredient in

the standard dosage can be written as follows:

m= I\Immolecule

Using M to denote the molecular mass (in grams per mole) and recognizing that

M
m N where N, is Avogadro’s number and is the number of molecules per mole,

A

molecule —

we have

M
m= Nmmolecule =N (N_J
A

M (in grams per mole) is equal to the molecular mass in atomic mass units. We can obtain
this quantity by referring to the periodic table on the inside of the back cover of the text to
find the molecular masses of the constituent atoms in the active ingredient. Thus, we have

Molecular mass = 22(12.011 u)+23(1.00794 u)+1(35.453 u)+2(14.0067 u)+2(15.9994 u)

Carbon Hydrogen Chlorine Nitrogen Oxygen

=382.89 u

The mass of the active ingredient in the standard dosage is

m=nN| M = (1572x10"° molecules)[ 3822'389 g/mol j= 1.00x1072 g
A 6.022x10“> molecules/mol

REASONING To find the molecular mass of chlorophyll-a (CgH,,MgN,O;) in atomic

mass units, we use the number and atomic mass of each constituent atom in the molecule
(see the periodic table of the elements on the inside of the back cover of the text). The
molecular mass obtained in this fashion is the mass per mole in g/mol, which we can then
use to obtain the mass (in grams) of 3.00 moles of chlorophyll-a.

SOLUTION
a. The molecular mass of C;cH,,MgN ,O; is
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1. REASONING Both gases fill the balloon to the same pressure P, volume V, and
temperature 7. Assuming that both gases are ideal, we can apply the ideal gas law
PV =nRT to each and conclude that the same number of moles n of each gas is needed to
fill the balloon. Furthermore, the number of moles can be calculated from the mass m (in

. . m . .
grams) and the mass per mole M (in grams per mole), according to n :M. Using this
expression in the equation ny . = MNitrogen will allow us to obtain the desired mass of
nitrogen.

SOLUTION Since the number of moles of helium equals the number of moles of nitrogen,
we have
Myelium _ Myitrogen
M Helium M Nitrogen
%/—J
Number of moles  Number of moles
of helium of nitrogen
Solving for Myjitrogen and taking the values of mass per mole for helium (He) and nitrogen
(N,) from the periodic table on the inside of the back cover of the text, we find
m.. _ M NitrogeaneIium _ (28-0 g/mOI)(O-16 g) _
Nitrogen M L etium 4.00 g/mol :
12. REASONING The pressure P of the water vapor in the container can be found from the

ideal gas law, Equation 14.1, as P=nRT /V , where n is the number of moles of water, R is
the universal gas constant, 7 is the Kelvin temperature, and V is the volume. The variables
R, T, and V are known, and the number of moles can be obtained by noting that it is equal to
the mass m of the water divided by its mass per mole.

SOLUTION Substituting n = m/(Mass per mole) into the ideal gas law, we have

MRt
P nRT [Mass per mole)
\Y \Y

The mass per mole (in g/mol) of water (H,O) has the same numerical value as its molecular

mass. The molecular mass of water is 2 (1.00794 u) + 15.9994 u = 18.0153 u. The mass per
mole of water is 18.0153 g/mol. Thus, the pressure of the water vapor is

4.0
m RT 4 [8.31 /(mol-K)](388 K)
p_ Mass per mole B 18.0153 g/mol

v 0.030 m®

—| 2.4x10% Pa
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15.

REASONING AND SOLUTION According to the ideal gas law (Equation 14.1),
the total number of moles » of fresh air in a normal breath is

L_Pv_(@o0 x10° PaY5.0x10* m3)
~ RT  [831J(mole-K)] (310 K)

~1.94%x1072 mol

The total number of molecules in a normal breath is NNp , where Np is Avogadro's number.
Since fresh air contains approximately 21% oxygen, the total number of oxygen molecules
in a normal breath is (0.21)nNp or

(0.21)(1.94 x 102 mol)(6.022 x10% mol )=| 2.5x10%

16.

REASONING We can use the ideal gas law, Equation 14.1 (PV = nRT) to find the number
of moles of helium in the Goodyear blimp, since the pressure, volume, and temperature are
known. Once the number of moles is known, we can find the mass of helium in the blimp.

SOLUTION The number n of moles of helium in the blimp is, according to Equation 14.1,

G_PV_ (1.1x10° Pa)(5400 m?)
RT  [8.31J/(mol-K)](280 K)

= 2.55%10° mol

According to the periodic table on the inside of the text’s back cover, the atomic mass of
helium is 4.002 60 u. Therefore, the mass per mole is 4.002 60 g/mol. The mass m of
helium in the blimp is, then,

m = (2.55x10° mol )(4.002 60 g/mol) K9 ) _[10x10% kg
1000 g

17.

REASONING The maximum number of balloons that can be filled is the volume of helium
available at the pressure in the balloons divided by the volume per balloon. The volume of
helium available at the pressure in the balloons can be determined using the ideal gas law.
Since the temperature remains constant, the ideal gas law indicates that
PV =nRT = constant, and we can apply it in the form of Boyle’s law, PV, = PV In this

expression V; is the final volume at the pressure in the balloons, V; is the volume of the
cylinder, P; is the initial pressure in the cylinder, and P; is the pressure in the balloons.

However, we need to remember that a volume of helium equal to the volume of the cylinder
will remain in the cylinder when its pressure is reduced to atmospheric pressure at the point
when balloons can no longer be filled.

SOLUTION Using Boyle’s law we find that
PV.

V=
f
R
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P, =P, + pgh, =(1.01x10° Pa)+[(1.36><104kg/m3)(9.80 m/s?)(0.380 m)} ~1.52x10° Pa

In these pressure calculations, the density of mercury is p=1.36x10% kg/m3. In
Equation (1) we note that d; =0.760 m and d, =1.14 m. Solving Equation (1) for T, and

substituting values, we obtain

P.d °
. :[Pz_dzj Tl{((l.sleo Pa)(L.14 m) } @73K) ~[308K]
11

2.02x105 Pa)(0.760 m)

32.

REASONING AND SOLUTION At the instant just before the balloon lifts off, the
buoyant force from the outside air has a magnitude that equals the magnitude of the total
weight. According to Archimedes’ principle, the buoyant force is the weight of the
displaced outside air (density p, = 1.29 kg/m’). The mass of the displaced outside air is oV,
where V=650 m’. The corresponding weight is the mass times the magnitude g of the
acceleration due to gravity. Thus, we have

(pOV ) g = mtotalg

N _ 1
Buoyant force ~ Total weight 1)
of balloon
The total mass of the balloon is m =m,_ +m_, where m  =320kg and m__ is the mass
otal load air load air

of the hot air within the balloon. The mass of the hot air can be calculated from the ideal
gas law by using it to obtain the number of moles # of air and multiplying »n by the mass per
mole of air, M =29 x 10~ kg/mol:

m,, =nM =(ﬂjM
: RT

Thus, the total mass of the balloon is m,_ = m,, + PVM/(RT) and Equation (1) becomes

PV
pOV = mload + [ﬁj M

Solving for T gives
PVM
(pOV o mload ) R
) (1.01x10° Pa)(650 m*)(29 x 10" kg/mol | T
[(1:29 kg’ ) (650 m®) 320 kg | 831 3/ (mol - K)]

T=

33.

REASONING The smoke particles have the same average translational kinetic
energy as the air molecules, namely, %mvrzms =%kT , according to Equation 14.6. In this

expression m is the mass of a smoke particle, v, is the rms speed of a particle, k is

S
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Boltzmann’s constant, and 7 is the Kelvin temperature. We can obtain the mass directly

from this equation.

SOLUTION Solving Equation 14.6 for the mass m, we find

akT  3(1.38x107% J/K)(301K)
m= =

=[1.6x107% kg

2
Vrms

(2.8><1o—3 m/s)2

34. REASONING According to the kinetic theory of gases, the average kinetic energy of an
atom is related to the temperature of the gas by %mvfms = 3KT (Equation 14.6). We see that
the temperature is proportional to the product of the mass and the square of the rms-speed.
Therefore, the tank with the greatest value of mvfms has the greatest temperature. Using the
information from the table given with the problem statement, we see that the values of

mvfmS for each tank are:

Tank

Product of the mass and the
square of the rms-speed

A
B

C
D

rms
2
m (2vrms) =4mv’
(2m)Vye

2m(2v,,.) =8mv2,

2
= 2 mvrms

Thus, tank D has the greatest temperature, followed by tanks B, C, and A.

SOLUTION The temperature of the gas in each tank can be determined from Equation 14.6:

mv?  (332x107 kg)(1223m/s)’

T — rms —

=|1200 K

A 3k

3(1.38><10‘23 J/K)

m(2v,,)  (332x107 kg)(2x1223m/s)’
T, = ™= =| 4800 K
3k 3(1.38 %10 J/K
(2m)v? 2(3.32 x107% kg)(1223 m/s)’
T, = ms _ =[2400K
3k 3(1.38x10‘23 J/K)
2m(2v,,,) 2(332x107% kg)(2x1223mis)’
o= = =[9600 K

3(1.38><1o*23 J/K)

These results confirm the conclusion reached in the REASONING.
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2 2

2D 2(2.4x10°° m?ss)

b. If a water molecule were traveling at the translational rms speed v for water, the time ¢
it would take to travel the distance L=0.010m would be given by t=L/v,g , where,

according to Equation 14.6 (KE = —; mv%ms), Ving = ‘/ Z(WE)/ m. Before we can use the last

expression for the translation rms speed Vg, we must determine the mass m of a water
molecule and the average translational kinetic energy KE. Using the periodic table on the
inside of the text’s back cover, we find that the molecular mass of a water molecule is

2(1.00794 u) +15.9994 u =18.0153 u

Mass of one
Mass of two

hydrogen atoms ~ OXygen atom

The mass of a single molecule is

-3
m:180153>< 1023 kg/rflnl :299)(10_26 kg
6.022x10°° mol~

The average translational kinetic energy of water molecules at 293 K is, according to
Equation 14.6,

KE =2 KT =3 (138x10 23 JK)(293 K)=607x102! ]

Nl w

Therefore, the translational rms speed of water molecules is

i 2(E)=J2(6.07x10—21 7)

m 299x1072% kg

v =637 m/s

rms

Thus, the time ¢ required for a water molecule to travel the distance L =0.010 m at this
speed is

L 0010m
V. 637Tms

s

t= 1.6x107s

c. In part (a), when a water molecule diffuses through air, it makes millions of collisions
each second with air molecules. The speed and direction change abruptly as a result of each
collision. Between collisions, the water molecules move in a straight line at constant speed.
Although a water molecule does move very quickly between collisions, it wanders only very
slowly in a zigzag path from one end of the channel to the other. In contrast, a water
molecule traveling unobstructed at its translational rms speed [as in part (b)], will have a
larger displacement over a much shorter time. Therefore, the answer to part (a) is much
longer than the answer to part (b).

48.

REASONING The diffusion of the glycine is driven by the concentration difference
AC=C,—-C, between the ends of the tube, where C, is the higher concentration and
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C,=C,—AC is the lower concentration. The concentration difference is related to the mass

rate of diffusion by Fick’s law: ?: DALAC (Equation 14.8), where D is the diffusion

constant of glycine in water, and 4 and L are, respectively, the cross-sectional area and
length of the tube.

SOLUTION Solving ?: DALAC (Equation 14.8) for AC, we obtain

-t/ 1
DA 1)

Substituting Equation (1) into C; = C, — AC yields
C,=C,-AC=C,-—LtZ @)

DA

We note that the length of the tube is L = 2.0 cm = 0.020 m. Substituting this and the other
given values into Equation (2), we find that the lower concentration is

02 42x1071 k
C, =8.3x1073 kg/m?* - (0.0 O_rgn)(z <10 —%1/5)2 =[3.0x107% kg/m®
(1.06x107° m2/s)(1.5x1074 m?)

49.

REASONING The mass m of methane that diffuses out of the tank in a time 7 is

(DA AC)t

given by m= (Equation 14.8), where D is the diffusion constant for methane, 4

is the cross-sectional area of the pipe, L is the length of the pipe, and AC = C| — C, is the

difference in the concentration of methane at the two ends of the pipe. The higher
concentration C, at the tank-end of the pipe is given, and the concentration C, at the end of

the pipe that is open to the atmosphere is zero.

. DA AC)t . .
SOLUTION Solving m=( ) (Equation 14.8) for the cross-sectional area A, we
obtain
A:m—L (1)
(D AC)t

The elapsed time t must be converted from hours to seconds:

t =(12 M)(Sf?;j —4.32x10%s
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In obtaining Equation (2), we have recognized that internal energy is a function only of the
state of the system, so that (AU )Overa" =0, because the system begins and ends in the same

state. We can now substitute Equation (2) into Equation (1) and obtain that

Wretum - Qretum - (AU )return - Qreturn + (AU )outgoing = (_114 J) + (_147 ‘]) =

b. Since W . is negative, |work is done on the system |

return

3. REASONING Energy in the form of work leaves the system, while energy in the
form of heat enters. More energy leaves than enters, so we expect the internal energy of the
system to decrease, that is, we expect the change AU in the internal energy to be negative.
The first law of thermodynamics will confirm our expectation. As far as the environment is
concerned, we note that when the system loses energy, the environment gains it, and when
the system gains energy the environment loses it. Therefore, the change in the internal
energy of the environment must be opposite to that of the system.

SOLUTION

a. The system gains heat so Q is positive, according to our convention. The system does
work, so W is also positive, according to our convention. Applying the first law of
thermodynamics from Equation 15.1, we find for the system that

AU =Q-W =(77 J)—(164 J)=[ —87 J |

As expected, this value is negative, indicating a decrease.

b. The change in the internal energy of the environment is opposite to that of the system, so
that | AU =+871J |.

environment

4. REASONING The first law of thermodynamics, which is a statement of the conservation
of energy, states that, due to heat Q and work W, the internal energy of the system changes
by an amount AU according to AU = Q — W (Equation 15.1). This law can be used directly
to find AU.

SOLUTION Q is positive (+7.6 x 10% J) since heat flows into the system; W is also positive

(+7.6 x 10* J) since work is done by the system. Using the first law of thermodynamics from
Equation 15.1, we obtain

AU =Q-W =(+7.6><104 J)—(+4.8><104 J)= +2.8x10% J

The plus sign indicates that the internal energy of the system increases.
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REASONING In both cases, the internal energy AU that a player loses before becoming
exhausted and leaving the game is given by the first law of thermodynamics: AU =Q -W
(Equation 15.1), where Q is the heat lost and W is the work done while playing the game.

The algebraic signs of the internal energy change AU and the heat loss Q are negative, while
that of the work I is positive.

SOLUTION
a. From the first law of thermodynamics, the work W that the first player does before
leaving the game is equal to the heat lost minus the internal energy loss:

W =Q-AU =-6.8x10° J—(~8.0x10° J)=[+1.2x10° J]

b. Again employing the first law of thermodynamics, we find that the heat loss O
experienced by the more-warmly-dressed player is the sum of the work done and the
internal energy change:

Q=W +AU =2.1x10° J+(—8.0><1o5 J) — 5.9x10° J

As expected, the algebraic sign of the heat loss is negative. The magnitude of the heat loss

is, therefore, 5.9x10° J|.

REASONING According to the discussion in Section 14.3, the internal energy U of a
monatomic ideal gas is given by U =%nRT (Equation 14.7), where n is the number of

moles, R is the universal gas constant, and T is the Kelvin temperature. When the
temperature changes to a final value of T, from an initial value of T, the internal energy
changes by an amount
_3
Ui -U; =3mR(T; -T))

i 2
—

AU
Solving this equation for the final temperature yields T. =(£jAU +T.. We are given n
n

and T;, but must determine AU. The change AU in the internal energy of the gas is related to

the heat Q and the work W by the first law of thermodynamics, AU=Q -W
(Equation 15.1). Using these two relations will allow us to find the final temperature of the
gas.

SOLUTION Substituting AU = Q — W into the expression for the final temperature gives

T, :(%j(Q—WHTi

) {3(3.00 mol)[8.231 3/ (mol- K)]}[+2438 - (-62)) [+ 345 K =
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REASONING According to Equation 15.2, W = PAV, the average pressure P of

the expanding gas is equal to P =W /AV , where the work W done by the gas on the bullet
can be found from the work-energy theorem (Equation 6.3). Assuming that the barrel of the
gun is cylindrical with radius 7, the volume of the barrel is equal to its length L multiplied

by the area (zr7) of its cross section. Thus, the change in volume of the expanding gas is
AV = Lar?.

SOLUTION The work done by the gas on the bullet is given by Equation 6.3 as
W =1 mVE o —V2iia) = 5 (2.6x107° kg)[(370 m/s)? —0] =180 J

The average pressure of the expanding gas is, therefore,

W 180 B
AV (0.61m)7(2.8x1073 m)?

12x10’ Pa

B

10.

REASONING Equation 15.2 indicates that work W done at a constant pressure P is given
by W= PAV. In this expression AV is the change in volume; AV = V- V,, where V, is the

final volume and V/ is the initial volume. Thus, the change in volume is

W

The pressure is known, and the work can be obtained from the first law of thermodynamics
as W= Q- AU (see Equation 15.1).

SOLUTION Substituting W= Q — AU into Equation (1) gives

W Q-AU (+2780 J)—(+3990J)
P P 1.26x10° Pa
Note that Q is positive (+2780 J) since the system gains heat; AU is also positive (+3990 J)

since the internal energy of the system increases. The change AV in volume is negative,
reflecting the fact that the final volume is less than the initial volume.

AV = -9.60x103 m?

11.

REASONING The work done in an isobaric process is given by Equation 15.2, W = PAV ;
therefore, the pressure is equal to P =W /AV . In order to use this expression, we must first
determine a numerical value for the work done; this can be calculated using the first law of
thermodynamics (Equation 15.1), AU =Q-W .

SOLUTION Solving Equation 15.1 for the work W, we find
W =Q—AU =1500 J-(+4500 J) =—3.0x10° J
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W =2nR(T; - T; ) =3(5.0 mol)[ 8.31.J/(mol-K) ] (370 K - 290 K) =| +5.0x10° J

b. Since the process is adiabatic, Q = 0 J, and the change in the internal energy is

AU=Q-W =0-50x10%J=|-5.0%x10%J

22. REASONING When n moles of an ideal gas change quasistatically to a final volume V;
from an initial volume V, at a constant temperature 7, the work W done is (see
Equation 15.3)

V
W =nRT In(v—f] or T v (1)

i nR In(vf]
Vi

where R is the universal gas constant. To determine 7 from Equation (1), we need a value
for the work, which we do not have. However, we do have a value for the heat Q. To take
advantage of this value, we note that Section 14.3 discusses the fact that the internal energy
of an ideal gas is directly proportional to its Kelvin temperature. Since the temperature is
constant (the neon expands isothermally), the internal energy remains constant. According
to the first law of thermodynamics (Equation 15.1), the change AU in the internal energy is
given by AU = Q — W. Since the internal energy U is constant, AU = 0, so that W= Q.

SOLUTION Substituting W = Q into the expression for 7 in Equation (1), we find that the
temperature of the gas during the isothermal expansion is

3
T Q _ 4.75x10° J _[208K

Y 0250m3)
nR In| - 3.00 mol)[8.31J/(mol-K) |In| ==
) (eoomanfsatu(main 220 |

23. REASONING We can use the first law of thermodynamics, AU = Q — W (Equation 15.1) to
find the work W. The heat is Q = —4700 J, where the minus sign denotes that the system (the

gas) loses heat. The internal energy U of a monatomic ideal gas is given by U =%nRT

(Equation 14.7), where n is the number of moles, R is the universal gas constant, and T is the
Kelvin temperature. If the temperature remains constant during the process, the internal
energy does not change, so AU =0 J.

SOLUTION The work done during the isothermal process is

W=Q-AU = -4700J+0J=|-4700J

The negative sign indicates that work is done on the system.
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Using the ideal gas law, we find that

Y Y
R :(VLf J vecomes ATy _( NRT,; /R J

Py |V NRTH/Vy;  \ NRT,¢ /Py

Since Vy; =V, and F¢ = Py , the result above reduces to

I 1y 1y
h = TA or TA - h = 525K =1.474
Ty \ Ty Ty (T 275K
Using this expression for the ratio of the final temperatures in Tp; +T, =8.00 x10% K , we
find that

a [T,=477K| and b [T, =323K

34.

REASONING The heat Q that must be added to n moles of a monatomic ideal gas to raise
its temperature by AT Kelvin degrees under conditions of constant pressure is Q =C,nAT

(Equation 15.6), where C, :gR (Equation 15.7) is the molar specific heat capacity of a

monatomic ideal gas and R =8.31J/( mol-K) is the universal gas constant.

SOLUTION Substituting Equation 15.7 into Equation 15.6 shows that the heat is
Q=CpnAT =(3R)naT (1)

As Section 14.1 discusses, the number of moles n is given by the mass m divided by the
mass per mole:
N m _80¢g

= = =0.20 mol
Mass per mole  39.9 g/mol

With this value for n, Equation (1) gives

Q=C,nAT =($R)nAT =2[8.31J/(mol - K)](0.20 mol)(75 K) =| 310J

35.

REASONING AND SOLUTION According to the first law of thermodynamics
(Equation 15.1), AU =U; —U; =Q-W . Since the internal energy of this gas is doubled by
the addition of heat, the initial and final internal energies are U and 2U, respectively.

Therefore,
AU =U; -U.,=2U-U=U

Equation 15.1 for this situation then becomes U =Q—-W . Solving for O gives
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SOLUTION Solving Q=C,,n AT (Equation 15.6) for the number n of moles of the gas,
we obtain

ne_Q
C, AT

(1

Substituting C,, = % R (Equation 15.8) and AT = T — T; into Equation (1) yields
Q Q 2Q

n= = =
CyAT (ZR)(T-T;) SR(T;-T)
_ 2(8500) _ Mo
3[8.31J/(mol-K) (279 K—217 K)
39. REASONING AND SOLUTION

a. The amount of heat needed to raise the temperature of the gas at constant volume is given
by Equations 15.6 and 15.8, Q = n C; AT. Solving for AT yields

3
Q _ 5.24x10°J _[1.40x102 K

“nC,  (3.00mol)(3R)

b. The change in the internal energy of the gas is given by the first law of thermodynamics
with W =0, since the gas is heated at constant volume:

AU =Q-W =5.24x103J-0=|5.24x10°J

c. The change in pressure can be obtained from the ideal gas law,

aRAT  (3.00mol)R(1.40x10% K}
v 150 m®

AP =| 2.33x10° Pa

40.

REASONING According to Equations 15.6 and 15.7, the heat supplied to a monatomic
ideal gas at constant pressure is Q=C,nAT, with C, =%R. Thus, Q:%nR AT . The

percentage of this heat used to increase the internal energy by an amount AU is

AU

5
§nRAT

Percentage = (%)xioo % = ( }100 % (1)

But according to the first law of thermodynamics, AU =Q—-W . The work Wis W =P AV,
and for an ideal gas PAV =nRAT . Therefore, the work W becomes W =P AV =nRAT

and the change in the internal energy is AU =Q-W :%nR AT —nRAT :%nRAT .
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CHAPTER 16 | WAVES AND SOUND

PROBLEMS
1. REASONING Since light behaves as a wave, its speed v, frequency f, and

wavelength 4 are related to according to v =f1 (Equation 16.1). We can solve this equation
for the frequency in terms of the speed and the wavelength.

SOLUTION Solving Equation 16.1 for the frequency, we find that

8
X _ 3.00x10° m/s _ 5.50)(1014 Hz

"1 545x107 m

REASONING AND SOLUTION
a. Since 15 boxcars pass by in 12.0 s, the boxcars pass by with a frequency of

fot2 ~[1.25Hz]|

:12.0 S

b. Since the length of a boxcar corresponds to the wavelength 1 of a wave, we have, from
Equation 16.1, that

v=1fA=(1.25Hz)(140 m)=[175 ns |

REASONING
a. The period is the time required for one complete cycle of the wave to pass. The period is
also the time for two successive crests to pass the person.

b. The frequency is the reciprocal of the period, according to Equation 10.5.

c. The wavelength is the horizontal length of one cycle of the wave, or the horizontal
distance between two successive crests.

d. The speed of the wave is equal to its frequency times its wavelength (see Equation 16.1).

e. The amplitude 4 of a wave is the maximum excursion of a water particle from the
particle’s undisturbed position.

SOLUTION
a. After the initial crest passes, 5 additional crests pass in a time of 50.0 s. The period 7 of
the wave is

TZSO.OS:

5
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b. Since the frequency fand period T are related by f= 1/T (Equation 10.5), we have

! 1 _ 0.100 Hz

f:—:
T 10.0s

c. The horizontal distance between two successive crests is given as 32 m. This is also the
wavelength A of the wave, so
A=

d. According to Equation 16.1, the speed v of the wave is

v=fA=(0.100 Hz)(32 m) =

e. There is no information given, either directly or indirectly, about the amplitude of the
wave. Therefore,

it is not possible to determine the amplitude. |

REASONING The speed of a Tsunamis is equal to the distance x it travels divided by the
time ¢ it takes for the wave to travel that distance. The frequency f of the wave is equal to its

speed divided by the wavelength A, f= v/A (Equation 16.1). The period T of the wave is
related to its frequency by Equation 10.5, 7= 1/f.

SOLUTION
a. The speed of the wave is (in m/s)

3
_Xx_3700x10°m 14 (o0 s
t 534 3600's
b. The frequency of the wave is
=X=—190}“3/S | 25x10 Hz (16.1)
A 750x10° T
c. The period of any wave is the reciprocal of its frequency:
1 1 3
T=—=—————=140x10°s
f 25x10™* Hz (10.5)

REASONING When the end of the Slinky is moved up and down continuously, a

transverse wave is produced. The distance between two adjacent crests on the wave, is, by
definition, one wavelength. The wavelength A is related to the speed and frequency of a
periodic wave by A =v/ f (Equation 16.1). In order to use Equation 16.1, we must first
determine the frequency of the wave. The wave on the Slinky will have the same frequency
as the simple harmonic motion of the hand. According to the data given in the problem
statement, the frequency is f =(2.00 cycles)/(1 sF 2.00 Hz.



796 WAVES AND SOUND

SOLUTION Substituting the values for A and f, we find that the distance between crests is

050m's _
200Hz

,1=¥= 025m

6. REASONING The speed v of the wave is v= f A (Equation 16.1), where f is the frequency
and 4 is the wavelength of the wave. The frequency is f =1/T (Equation 10.5), where T is

the period. The period is the time between successive crests. The wavelength is the
distance between two successive crests.

SOLUTION Substituting Equation 10.5 for the frequency into Equation 16.1 for the speed,
we obtain
vefazt (1)
T

The wavelength is given as A =4.0 m. Since four crests pass by in 7.0 s and the period is
the time between successive crests, the period is T :(7.0 s)/3. Therefore, Equation (1)

reveals that the speed of the wave is
g2 o Aom e
T (7.0s)/3

7. REASONING The speed v of a wave is equal to its frequency f times its wavelength A4
(Equation 16.1). The wavelength is the horizontal length of one cycle of the wave. From the
left graph in the text it can be seen that this distance is 0.040 m. The frequency is the
reciprocal of the period, according to Equation 10.5, and the period is the time required for
one complete cycle of the wave to pass. From the right graph in the text, it can be seen that
the period is 0.20 s, so the frequency is 1/(0.20 s).

SOLUTION Since the wavelength is 4 = 0.040 m and the period is 7= 0.20 s, the speed of
the wave is

v=Af = /1(_'1_) = (0.040 m) (ﬁ) =[0.20 m/s
. S

8. REASONING AND SOLUTION First find the speed of the record at a distance of 0.100 m
from the center:
v=rao=(0.100 m)(3.49 rad/s) = 0.349 m/s (8.9)

The wavelength is, then,

A= v/f=(0.349 m/s)/(5.00 x 103 Hz) = | 6.98x107° m (16.1)
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A=@,—v )T, =(12.0 - v )(0.600) = 7.20 - 0.600 v, (1)
Similarly, for the skier traveling opposite the waves
A=, +v,)T,=6.00+0.500 v, (2)

a. Subtracting Equation (2) from Equation(1) and solving for v, gives v, =[1.09 m/s].

b. Substituting the value for v, into Equation (1) gives 4= .

12.

REASONING The length L of the string is one factor that affects the speed of a wave
traveling on it, in so far as the speed v depends on the mass per unit length m/L according to

V= /% (Equation 16.2). The other factor affecting the speed is the tension F. The speed
m

is not directly given here. However, the frequency f'and the wavelength 4 are given, and the
speed is related to them according to v=f4 (Equation 16.1). Substituting Equation 16.1
into Equation 16.2 will give an equation that can be solved for the length L.

SOLUTION Substituting Equation 16.1 into Equation 16.2 gives

Solving for the length L, we find that
£292m (260 Hz)"(0.60 m)*(5.0x10 % k)
- F 180 N

=(0.68 m|

L

13.

REASONING According to Equation 16.2, the linear density of the string is given
by (m/L)=F/v?, where the speed v of waves on the middle C string is given by Equation

16.1,v="1fA= (_Il_ji , where T is the period.

SOLUTION Combining Equations 16.2 and 16.1 and using the given data, we obtain

2 -3 o\2
m/LZE:FT :(944 N)(3.82x107" s) —[8.68x10 kg/m

V222 (1.26 m)?

14.

REASONING The speed v of a transverse wave on a wire is given by v=+/F/(m/L)
(Equation 16.2), where F' is the tension and m/L is the mass per unit length (or linear
density) of the wire. We are given that /" and m are the same for the two wires, and that one
is twice as long as the other. This information, along with knowledge of the wave speed on
the shorter wire, will allow us to determine the speed of the wave on the longer wire.
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SOLUTION The speeds on the longer and shorter wires are:

[Longer wire] Vionger =

Ionger
[Shorter wire] Venorter = /

shorter

Dividing the expression for Vionger by that for v, . gives

Vlonger J Ionger ’ longer
shorter , shorter
m/L shorter

=240 m/s and L longer shorter’

Vlonger shorter«/ |0nger (240 m/S) 1/ shorter (240 m/S)\/E 340 m/S
shorter shorter

15. REASONING The speed v of the transverse pulse on the wire is determined by the tension

Since v the speed of the wave on the longer wire is

shorter

F in the wire and the mass per unit length m/L of the wire, according to v= %
m

(Equation 16.2). The ball has a mass M. Since the wire supports the weight Mg of the ball
and since the weight of the wire is negligible, it is only the ball’s weight that determines the
tension in the wire, F'= Mg. Therefore, we can use Equation 16.2 with this value of the
tension and solve it for the acceleration g due to gravity. The speed of the transverse pulse
is not given, but we know that the pulse travels the length L of the wire in a time ¢ and that
the speed is v=L/t.

SOLUTION Substituting the tension F' = Mg and the speed v = L/t into Equation 16.2 for
the speed of the pulse on the string gives

V=, |——
m/L

m/L

F or %_ Mg

Solving for the acceleration g due to gravity, we obtain

L) 0.95m )’
(] (m/L) ( : j (1.2><1O‘4 kg/m)
g\t _ 0,016 e

M 0.055 kg

16. REASONING Each pulse travels a distance that is given by vz, where v is the wave speed
and ¢ is the travel time up to the point when they pass each other. The sum of the distances
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REASONING The period T and the frequency f of the sound wave are related according to
f =1/T (Equation 10.5). Therefore, if we can obtain the frequency, we can determine the

frequency. Since the wavelength A and the speed of sound v in seawater are given, we can
obtain the frequency f from v = f4 (Equation 16.1).

SOLUTION Accordingto f =1/T (Equation 10.5), the period of the sound wave is
T== 1)

Solving v = fA (Equation 16.1) for the frequency gives

v
F=- )

Substituting Equation (2) into Equation (1), we find that
1 1 21 0015m

T=== === =199 x 10% s
f viA v 1522m/s

33. REASONING AND SOLUTION The speed of sound in an ideal gas is given by text
Equation 16.5
Ve ,7kT
m
where m is the mass of a single gas particle (atom or molecule). Solving for 7 gives
2
7= (1)
vk
The mass of a single helium atom is
4.003 I 1k
%mo | =3 1=6.650x107 kg
6.022x10-> mol~\ 1000 g
The speed of sound in oxygen at 0 °C is 316 m/s (see Table 16.1). Since helium is a
monatomic gas, = 1.67. Then, substituting into Equation (1) gives
6.65x10727 kg)(316 m/s)?
T= ( )( ) =(28.8 K
1.67(1.38x107% J/K)
34. REASONING A rail can be approximated as a long slender bar, so the speed of sound in

the rail is given by Equation 16.7. With this equation and the given data for Young’s
modulus and the density of steel, we can determine the speed of sound in the rail. Then, we
will be able to compare this speed to the speed of sound in air at 20 °C, which is 343 m/s.
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39.

REASONING Under the assumptions given in the problem, both the bullet and the sound
of the rifle discharge travel at constant speeds. Therefore, we can use v :% (Equation 2.1,

where v is speed, d is distance, and 7 is elapsed time) to determine the distance that the bullet
travels, as well as the time it takes the rifle report to reach the observer. The speed of the
bullet is given, and we know that the speed of sound in air is 343 m/s, because the air
temperature is 20 °C (See Table 16.1).

SOLUTION Applying Equation 2.1, we can express the distance d, traveled by the bullet
as

d, =v,t (1)
where v, = 840 m/s and ¢ is the time needed for the report of the rifle to reach the observer.

The observer is a distance d =25 m from the marksman, so we can use Equation 2.1 with
the speed of sound v =343 m/s to determine ¢:

=4 @)
\Y

Substituting Equation (2) into Equation (1), we find the distance traveled by the bullet
before the observer hears the report:

d v,d (840 m/s)(25m
db:vbt:vb( j: ; -! 343275/s !

=[61m|

\"

40.

REASONING Generally, the speed of sound in a liquid like water is greater than in a gas.
And, in fact, according to Table 16.1, the speed of sound in water is greater than the speed
of sound in air. Since the speed of sound in water is greater than in air, an underwater
ultrasonic pulse returns to the ruler in a shorter time than a pulse in air. The ruler has been
designed for use in air, not in water, so this quicker return time fools the ruler into believing
that the object is much closer than it actually is. Therefore, the reading on the ruler is less
than the actual distance.

SOLUTION Let x be the actual distance from the ruler to the object. The time it takes for
the ultrasonic pulse to reach the object and return to the ruler, a distance of 2x, is equal to
the distance divided by the speed of sound in water v, : = 2x/v The speed of sound

in water is given by Equation 16.6 as v =ﬂfBa 4/ p, where B, is the adiabatic bulk

modulus and p is the density of water. Thus, the time it takes for the pulse to return is

2(25.0m
o o2x 2 ) _320x10%s

Vwater % 2.37 x 109 Pa
p 1025 kg/m*
The ruler measures this value for the time and computes the distance to the object by using
the speed of sound in air, 343 m/s. The distance x_,__displayed by the ruler is equal to the

ruler

water®

speed of sound in air multiplied by the time t it takes for the pulse to go from the ruler to
the object:
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Xer = Ve (51) = (343 M/5)(1)(3.29x107 5) = 5.64m

Thus, the ruler displays a distance of x ;.. = 5.64 m. As expected, the reading on the ruler’s
display is less than the actual distance of 25.0 m.

41.

REASONING AND SOLUTION
a. In order to determine the order of arrival of the three waves, we need to know the speeds
of each wave. The speeds for air, water and the metal are

v, =343 m/s, v, = 1482 m/s, v, = 5040 m/s

The order of arrival is |metal wave first, water wave second, air wave third|.

b. Calculate the length of time each wave takes to travel 125 m.
t, = (125 m)/(5040 m/s) = 0.025 s
t, = (125 m)/(1482 m/s) = 0.084 s
t,= (125 m)/(343 m/s)= 0.364 s

Therefore, the delay times are

Atyy =1, —t,, =0.084 s — 0.025 5 =[0.059 5
Atys=t,— 1, =0.3645—0.0255=[0.339 5

42.

REASONING Since the sound wave travels twice as far in neon as in krypton in the same
time, the speed of sound in neon must be twice that in krypton:

Vheon = 2Vkrypton (1

Furthermore, the speed of sound in an ideal gas is given by v= ,/ﬁ , according to
m

Equation 16.5. In this expression y is the ratio of the specific heat capacities at constant
pressure and constant volume and is the same for either gas (see Section 15.6), k is
Boltzmann’s constant, 7 is the Kelvin temperature, and m is the mass of an atom. This
expression for the speed can be used for both gases in Equation (1) and the result solved for
the temperature of the neon.

SOLUTION Using Equation 16.5 in Equation (1), we have
YV aneon -2 4 karypton
mneon rnkrypton
—— —
Speed inneon  Speed in krypton

Squaring this result and solving for the temperature of the neon give
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REASONING AND SOLUTION Since the sound radiates uniformly in all
directions, at a distance » from the source, the energy of the sound wave is distributed over

the area of a sphere of radius ». Therefore, according to | = (Equation 16.9) with

4rr?
r = 3.8 m, the power radiated from the source is

P=4zIr? =47(3.6x1072 W/m?)(3.8m)? =[ 6.5 W

54.

REASONING
a. The source emits sound uniformly in all directions, so the sound intensity / at any

distance r is given by Equation 16.9 as | =P/ (47[ rz), where P is the sound power emitted
by the source. Since patches 1 and 2 are at the same distance from the source of sound, the
sound intensity at each location is the same, so /; = I,. Patch 3 is farther from the sound
source, so the intensity /5 is smaller for points on that patch. Therefore, patches 1 and 2
have equal intensities, each of which is greater than the intensity at patch 3.

b. According to Equation 16.8, the sound intensity / is defined as the sound power P that
passes perpendicularly through a surface divided by the area A of that surface, / = P/A. The

area of the surface is, then, 4 = P/I. Since the same sound power passes through patches 1
and 2, and the intensity at each one is the same, their areas must also be the same, 4, = 4,.

The same sound power passes through patch 3, but the intensity at that surface is smaller
than that at patches 1 and 2. Thus, the area 4, of patch 3 is larger than that of surface 1 or 2.

In summary, 4, is the largest area, followed by 4, and 4,, which are equal.

SOLUTION
a. The sound intensity at the inner spherical surface is given by Equation 16.9 as

_ P 23W
4zrty  4z(0.60m)’

| = 0.51W/m?

A

This intensity is the same at all points on the inner surface, since all points are equidistant
from the sound source. Therefore, the sound intensity at patches 1 and 2 are equal,

1,=1,=| 051W/m?

The sound intensity at the outer spherical surface is
| P 2.3W

4z} 4x(0.80m)
This intensity is the same at all points on outer surface. Therefore, the sound intensity at
patch 3 is 7, = | 0.29 W/m?

=0.29 W/m?

B
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-4 2
ﬂz 2(10 dB)Iog{:—ZJ 2(10 dB)|og[ 8.0x107™" W/m J:

0 1.0x10712 W/m?

where we have used I, = 1.0x10"*2 W/m? for the threshold of hearing.

64.

REASONING The sound intensity level 3 in decibels (dB) is related to the sound intensity |

according to S =(10 dB)Iog(IL] (Equation 16.10), where 1, is the intensity of the
0
reference level. We will apply this expression to each of the given intensity levels.

SOLUTION The sound intensity level is changed from B =23dB to f,=61dB.
Therefore, the amount of the change is

B, — B, =(10 dB)log (:—ﬂ (10 dB)log [:_;j

It is a property of logarithms (see Equation D-12 in Appendix D) that

log A—log B = log (SJ Therefore, our expression for the change in sound intensity level

becomes

B, - B, = (10 dB)log (:—2]—(10 dB)IOg[:—lJ — (10 dB)log (%J — (10 dB)log [:—2]

0 0 1770 1

(61dB)— (23 dB) = 38 dB = (10 dB) log ['I—ﬂ or log ['I_ﬂ _38

Thus, according to Equation D-8 in Appendix D, we find that the desired ratio is
I

|_2 =10%8 = 6300
1

65.

REASONING This is a situation in which the intensities /. and / (in watts

woman
per square meter) detected by the man and the woman are compared using the intensity level
., expressed in decibels. This comparison is based on Equation 16.10, which we rewrite as
follows:

/3= (10 dB)log Lllﬂj

woman

SOLUTION Using Equation 16.10, we have
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SOLUTION We proceed to solve for v and substitute the data given in the problem

statement. Rearrangement gives

Vo _ s |
v f

Solving for Vg and noting that f_/f, =0.86 yields

f
Vv, =V| =—1|=(343 m/s) (i—lj: 56 m/s
f 0.86

78. REASONING The dolphin is the source of the clicks, and emits them at a frequency f,. The

marine biologist measures a lower, Doppler-shifted click frequency f,, because the dolphin
i1s swimming directly away. The difference between the frequencies is the source frequency

Vv
minus the observed frequency: f, - f.. We will use f = fS/(1+ —Sj (Equation 16.12),
Vv

where v is the speed of the dolphin and v is the speed of sound in seawater, to determine the
difference between the frequencies.

SOLUTION  Solving fO:fS/(1+V—S] (Equation 16.12) for the unknown source
v

Y
fo =1, (l+ Vsj

Therefore, the difference between the source and observed frequencies is

v v
f,—f, =1, (1+73]— f, =1, Kl+73j—l}

= f (V_Sj = (2500 Hz)(Lm/Sj _

v 1522 m/s

frequency f,, we obtain

79.

REASONING This problem deals with the Doppler effect in a situation where the source of
the sound is moving and the observer is stationary. Thus, the observed frequency is given
by Equation 16.11 when the car is approaching the observer and Equation 16.12 when the
car is moving away from the observer. These equations relate the frequency f heard by the

observer to the frequency f, emitted by the source, the speed v of the source, and the speed

v of sound. They can be used directly to calculate the desired ratio of the observed
frequencies. We note that no information is given about the frequency emitted by the
source. We will see, however, that none is needed, since f, will be eliminated algebraically

from the solution.
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SOLUTION Equations 16.11 and 16.12 are

1 1
f fpproach _ 16.11 frecede — 16.12
° SLl—vS/vJ 1e.11) ° Sl 1+v /v (16.12)

The ratio is

Approach fs (1J 1+M
f AP 1-viIv) 1+vg IV T a3 ms 1.054

fORecede { 1 J 1-v /v 1_9.00 m/s
s

S

As mentioned in the REASONING, the unknown source frequency f; has been eliminated
algebraically from this calculation.

80.

REASONING The observed frequency changes because of the Doppler effect. As you
drive toward the parked car (a stationary source of sound), the Doppler effect is that given
by Equation 16.13. As you drive away from the parked car, Equation 16.14 applies.

SOLUTION Equations 16.13 and 16.14 give the observed frequency f; in each case:

o toward = fs(1+v0/v) and o, away = s (1-v,/v)

Driving toward parked car Driving away from parked car

Subtracting the equation on the right from the one on the left gives the change in the
observed frequency:

f f =2 fS vo/v

o,toward = ‘o, away

Solving for the observer’s speed (which is your speed), we obtain

V( fo, toward — 1:o, away) B (343 m/s)(95 HZ)

81.

vV = = =17 m/s
° 21, 2(960 Hz)
REASONING 1If the train were headed directly towards i v .
the car, the frequency f, heard by the driver would be "™ train —
45° ‘
given by f =1/ (1—\/”—"’“”) (Equation 16.11), where f
v v
SE

is the frequency of the train’s horn, v is the speed of

sound in air, and v, .. is the speed of the train. However,

the driver is 20.0 m south of the crossing, and at the .

instant when the horn is sounded, the train is 20.0 m west ™ Car
of the crossing. The train would have to be headed ®
directly southeast (45° south of east) in order to be moving directly towards the car at this
instant. Therefore, to calculate the Doppler-shifted frequency of the horn blast, we must
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7.

REASONING AND SOLUTION Using Equation 16.1, we obtain

8
P ~2.9979x10° m/s _ 11118 m

f  26.965x10° Hz

REASONING According to Equation 16.1, the wavelength A (in vacuum) is the speed of
light ¢ in a vacuum divided by the frequency f of the X-rays: 1 = % :

SOLUTION Using Equation 16.1, we find that

8
428300 <10 m/s e 0,

f  6.05 x 108 Hz

REASONING The frequency f of the UHF wave is related to its wavelength by

c= f A (Equation 16.1), where c is the speed of light in a vacuum and A is the wavelength.

The electric and magnetic fields are both zero at the same positions, which are separated by
a distance d equal to half a wavelength (see Figure 24.3). Therefore, we can express the
wavelength in terms of the distance between adjacent positions of zero field as

A=2d (1)

SOLUTION Solving ¢ = fA (Equation 16.1) for f yields

f= 2

<
A

Substituting Equation (1) into Equation (2), we obtain
c

8
f_C_c _300x10° ms [ e

C
24 2d  2(0.34m)

10.

REASONING According to Equation 16.1, the wavelength A (in vacuum) is the speed of

light ¢ in a vacuum divided by the frequency f of the radio waves: 1 = % .
SOLUTION Using Equation 16.1, we find that the longest FM radio wavelength is

¢ 3.00 x 108 m/s
A=—= = -3.41 m
f 880 x 108 Hz
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and back. The minimum, constant, angular speed of the mirror, then, can be found from

W= %f (Equation 8.2). The time At it takes the light to travel from the rotating mirror to

the fixed mirror and back is given by ¢ = % (Equation 2.1), where ¢ = 3.00x 10% m/s is the

speed of light in a vacuum, and d = 35 km is the distance between the rotating mirror and
the fixed mirror. Together, Equations 8.2 and 2.1 will allow us to determine the minimum
angular speed o of the rotating mirror. The angles between the rays of light shown in Figure
24.12 are exaggerated. In reality, the diameter of the rotating mirror is so much smaller than
the distance d to the fixed mirror that these two rays may be considered to be parallel.

SOLUTION Solving c=% (Equation 2.1) for At yields

]
C

At (H

Substituting Equation (1) into w = %tg (Equation 8.2), we obtain

8
A0 A0 _c(a0) (3.00x10°% m/s)(0.125 rev) _

At _(ﬁj 2d 2(35x103 m)
C

17.

REASONING We proceed by first finding the time ¢ for sound waves to travel

between the astronauts. Since this is the same time it takes for the electromagnetic waves to
travel to earth, the distance between earth and the spaceship is dearlh-ship =ct.

SOLUTION The time it takes for sound waves to travel at 343 m/s through the air between
the astronauts is

t— dastronaut _ 15_m =4.4 ><j|_0_3 S
Vsound 343 /s

Therefore, the distance between the earth and the spaceship is

dearthship =Ct = (3.0 108 mis)(44 <1072 5)=|13%x10° m

18.

REASONING Let R denote the average rate at which the laptop downloads information,
measured in bits per second (bps). This average rate is equal to the number N of bits
downloaded in a time ¢ divided by the time: R = N/¢t. Therefore, the number N of bits that the
laptop downloads is given by

N =Rt (1
We note that 1 Mbps (megabit per second) is equal to 108 bps. The time ¢ is the time it takes

the wireless signal to travel the distance d = 8.1 m between the router and the laptop. This
time is determined by Equation 2.1 as
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c. When the incident light is polarized along the y axis, the direction of polarization and the
transmission axis are initially perpendicular to each other. The angle #in Malus’ law is the
angle between the direction of polarization (along the y axis) and the transmission axis
(measured relative to the z axis). It is related to the angle « according to € = 90.0° — c.
The average intensity of the transmitted light is, therefore,

S =S, cos” 0 = (7.0 Wim’ )0052 (90.0° — 0°) =|0 W/m®

S =, cos® 0 =(7.0 W/m” )cos (90.0° - 35°) = |2.3 W/m’

The table below summarizes the results:

Average Intensity of Transmitted Light
Incident Light a=0° a=35°
(a) Unpolarized 3.5 Wm® 3.5 W/m®
(b) Polarized parallel to 2 2
- axis 7.0 W/m 4.7 W/m
(c) Polarized parallel to 2 2
v axis 0 W/m 2.3 W/m

45.

REASONING Since the incident beam is unpolarized, the intensity of the light transmitted
by the first sheet of polarizing material is one-half the intensity of the incident beam. The
beams striking the second and third sheets of polarizing material are polarized, so the

average intensity S of the light transmitted by each sheet is given by Malus’ law,
S = §O cos’ @, where S_O is the average intensity of the light incident on each sheet.

SOLUTION The average intensity S_l of the light leaving the first sheet is one-half the
intensity of the incident beam, so S_l = %(1260.0 W/mz) =630.0 W/m®. The intensity 8_2 of

the light leaving the second sheet of polarizing material is given by Malus’ law, Equation
24.7, 8_2 = S_1 cos’ @, where @ is the angle between the polarization of the incident beam and
the transmission axis of the second sheet:

S, =(630.0 W/m” ) cos® (55.0° —19.0°) = 412 W/m’

The intensity 5_3 of the light leaving the third sheet of polarizing material is 8_3 = §2 cos’ @,

where 6 is the angle between the polarization of the incident beam and the transmission
axis of the third sheet:

S, =(412 W/m? )cos” (100.0° - 55.0°) =| 206 W/m’
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And the intensity of the light transmitted through the third analyzer is

2 o_g 6 o
S; =35, cos® 27° =S, cos” 27

If we generalize for the Nth analyzer, we deduce that

Sy = Sy_q c0s? 27°=S, cos?N 27°

Since we want the light reaching the photocell to have an intensity that is reduced by a least
a factor of one hundred relative to the first analyzer, we want S / S0 =0.010. Therefore,

we need to find N such that cos?N 27°=0.010. This expression can be solved for N.

SOLUTION Taking the common logarithm of both sides of the last expression gives

log 0.010
2N log(cos2?)=1og0.010 or N= =| 20
J ) 0 2 log (cos 27) |:|

48. REASONING No light intensity will pass through two adjacent polarizers that are in a
crossed configuration, that is, whose transmission axes are oriented perpendicular to one
another. With this in mind, let’s remove the polarizers one by one (see the following
drawing). When A is removed, no two of the remaining adjacent polarizers are crossed.
When B is removed, A and C are left in a crossed configuration. When C is removed, B and
D are left in a crossed configuration. When D is removed, no two of the remaining adjacent
polarizers are crossed. Thus, when sheet B or C is removed, the intensity transmitted on the
right is zero, and when sheet A or D is removed, the intensity transmitted on the right is
greater than zero.

vertical horizontal
30.00 60.0°

| é, ,4

: /7
Light —» I j y

\ - "
|
\
N \ \ .
A B C D

We can anticipate that the greater intensity is transmitted on the right when sheet D is
removed. To begin with, we note that the polarization directions of the light striking B and C
are the same, no matter whether A or D is removed, with the result that B and C absorb the
same fraction of the intensity in either situation. When A is removed, however, D is a third
sheet that absorbs light intensity. In contrast, when D is removed, A is present as a third
sheet, but it absorbs none of the light intensity. This is because the transmission axis of A is
vertical and matches the direction in which the incident light is polarized. We conclude,
therefore, that the greater light intensity is transmitted when D is removed.
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SOLUTION When light with an average intensity S is polarized at an angle 6 with respect

to the polarization axis of a polarizer, the average intensity S that is transmitted through the
polarizer is given by Malus’ law as S =S,cos?@ (Equation 24.7). The light that passes

through is polarized in the direction of the transmission axis. In this problem, each of the
polarizers, therefore, transmits a light intensity that is smaller than the incident light by a

factor of cos’d. We use this insight now to determine the transmitted light intensity in the

two situations that result when A is removed and when D is removed.
[A is removed; B, C, and D remain]

= (27 W/m2)0052 30.0°cos? 60.0° cos? 30.0° = |3.8 W/m?
dueto B dueto C dueto D

[B is removed; A, C, and D remain]|
S =|0 W/m?

[C is removed; A, B, and D remain]

[D is removed; A B, and C remain]|

S = (27 W/m? )c032 0.0°cos? 30.0°cos? 60.0° = 5.1 W/m?
dueto A duetoB duetoC

49.

REASONING The wavelength A4 of a wave is related to its speed v and frequency f by
A=v/f (Equation 16.1). Since blue light and orange light are electromagnetic waves, they

travel through a vacuum at the speed of light c; thus, v = c.

SOLUTION
a. The wavelength of the blue light is

8
,1=£=M014m/5 — 473x107 m
f  6.34x10" Hz

Since 1 nm= 10" m,

1=(273x10°7 m)( 1nm j:

109

b. In a similar manner, we find that the wavelength of the orange light is

¢ _ 3.00x10% m/s

A=—="""0" 72— 6.06x1077 m=|606 nm|

f  4.95x10% Hz
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Solving for vy, we find that

", H — (12510° ms)(1.33) = [L66.20° )

Ng

REASONING The wavelength A is related to the frequency f and speed v of the light in a
material by Equation 16.1 (4 =v/f ). The speed of the light in each material can be
expressed using Equation 26.1 (v =c¢/n) and the refractive indices n given in Table 26.1.
With these two equations, we can obtain the desired ratio.

SOLUTION Using Equations 16.1 and 26.1, we find

Using this result and recognizing that the frequency f and the speed ¢ of light in a vacuum
do not depend on the material, we obtain the ratio of the wavelengths as follows:

&) 20 —
Aalcohol [fn alconol _ _f NN/ aiconor _ Nisuifige _ 1.632 1198

Adisulfide_( c _E(EJ  Nyeonos  1.362
N/ disulfide

f”] disulfide

REASONING The substance can be identified from Table 26.1 if its index of

refraction is known. The index of refraction # is defined as the speed of light ¢ in a vacuum
divided by the speed of light v in the substance (Equation 26.1), both of which are known.

SOLUTION Using Equation 26.1, we find that

8
C _2.998x10° m/s 1362

V. 2.201x108 m/s

Referring to Table 26.1, we see that the substance is | ethyl alcohol |

REASONING We can identify the substance in Table 26.1 if we can determine its index of
refraction. The index of refraction # is equal to the speed of light ¢ in a vacuum divided by
the speed of light v in the substance, or n = ¢/v. According to Equation 16.1, however, the
speed of light is related to its wavelength A and frequency f via v = fA4. Combining these two
equations by eliminating the speed v yields n = ¢/(f 1).
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SOLUTION The index of refraction of the substance is

c 2.998 x 108 m/s

"t (540310 Hz)(340.0 x10°° m) ~Lo%

An examination of Table 26.1 shows that the substance is |carbon disulfide|.

7. REASONING The refractive index n is defined by Equation 26.1 as n = ¢/v, where c is the
speed of light in a vacuum and v is the speed of light in a material medium. The speed in a
vacuum or in the liquid is the distance traveled divided by the time of travel. Thus, in the
definition of the refractive index, we can express the speeds ¢ and v in terms of the distances
and the time. This will allow us to calculate the refractive index.

SOLUTION According to Equation 26.1, the refractive index is

c
n=—
v
Using d,, i @and dj; quia tO represent the distances traveled in a time ¢, we find the speeds to be
oo Qo gy = Siuid

t

Substituting these expressions into the definition of the refractive index shows that

c_ dvacuum It _ dvacuum _6.20km _ m

n= =
v d It d 3.40 km

liquid liquid

8. REASONING Distance traveled is the speed times the travel time. Assuming that ¢ is the
time it takes for the light to travel through the two sheets, it would travel a distance of cf in a
vacuum, where its speed is c. Thus, to find the desired distance, we need to determine the
travel time ¢. This time is the sum of the travel times in each sheet. The travel time in each
sheet is determined by the thickness of the sheet and the speed of the light in the material.
The speed in the material is less than the speed in a vacuum and depends on the refractive
index of the material.

SOLUTION In the ice of thickness d,, the speed of light is v, and the travel time is
t.=d/v. Similarly, the travel time in the quartz sheet is ty= dq/vq. Therefore, the desired
distance ct is
d d
ct:c(ti+t ):c Sipalog Sad S
d VAR, v. v
i q 1 q
Since Equation 26.1 gives the refractive index as n =c¢/v and since Table 26.1 gives the
indices of refraction for ice and quartz as n, = 1.309 and ny= 1.544, the result just obtained

can be written as follows:
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n, =145 and ¢ =64.0°, whereas 6, =53.0°. We can use these data in Snell’s law
n,sing, =n,siné, (Equation 26.2) to determine the unknown index of refraction n,,.

SOLUTION Using Snell's law we find that

. . n,sing,  1.45sin64.0°
n,sind, =n,siné or n,=—1—T1- :-1.63 26.2
e 2" sing, sin53.0° (2.2

11. REASONING The angle of refraction 6, is related to the angle of incidence &, by
Snell’s law, n;sing =n,sind, (Equation 26.2), where n, and n, are, respectively the

indices of refraction of the incident and refracting media. For each case (ice and water), the
variables 6, n| and n,, are known, so the angles of refraction can be determined.

SOLUTION The ray of light impinges from air (7, = 1.000) onto either the ice or water at
an angle of incidence of &, = 60.0°. Using n, = 1.309 for ice and n, = 1.333 for water, we
find that the angles of refraction are

sin@ siné
sinHZ:nl 1 or szsin‘l[bJ

n, n,
Tee 0, s n_l[(l.OOO)sm 60.0 }: 4140
: 1.309
[ (1.000)sin60.0° ]
Water 6?2, water = SIN { 1333 =40.5

6.

) water =41.4°—40.5° =

The difference in the angles of refraction is 6, ;.. —

12. REASONING If refraction did not occur, the
light would travel straight ahead, as indicated by
the dotted path in the drawing at the right. It

would then strike the lake-bottom at a distance d air

from point B. Because of refraction, however, the water
light ray is bent toward the dashed normal to the T

air-water surface, the angle of refraction being 0,. 3.0m

With refraction, the light strikes the lake-bottom l B

at a distance d’from point B. We will use
trigonometry to find the distancesd and d”. To
find the angle of refraction 6,, we will use Snell’s d

law n,;sing, =n,sind, (Equation 26.2).
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14.

REASONING AND SOLUTION Using Equation 26.3, we find

d:[&jdv:(@jas em=[39 o]

n, 1.000

15.

REASONING We begin by using Snell's law (Equation 26.2: n;sin & =n,sin g,)

to find the index of refraction of the material. Then we will use Equation 26.1, the
definition of the index of refraction (n=c/v) to find the speed of light in the material.

SOLUTION From Snell's law, the index of refraction of the material is

_ngsing,  (1.000) sin 63.0°

) = g =1.22
sin 92 sin 47.0°

Then, from Equation 26.1, we find that the speed of light v in the material is

3.00x10% mis
122 B

246x10% m/s

C
V=—=
n,

16.

REASONING When the light ray passes from a into b, it is bent toward the normal.
According to the discussion in Section 26.2, this happens when the index of refraction of b
is greater than that of @, or n, >n,. When the light passes from b into ¢, it is bent away
from the normal. This means that the index of refraction of ¢ is less than that of b, or
n. <n,. The smaller the value of n_, the greater is the angle of refraction. As can be seen
from the drawing, the angle of refraction in material c is greater than the angle of incidence
at the a-b interface.  Applying Snell’s law to the a-b and b-c interfaces gives
n,sin 6, = n, sin 6 = n_sin 6. Since 6, is greater than @, the equation n, sin 6, = n_sin 6,
shows that the index of refraction of a must be greater than that of c, n,>n,. Thus, the

ordering of the indices of refraction, highest to lowest, is n, n,, n.

SOLUTION The index of refraction for each medium can be evaluated from Snell’s law,
Equation 26.2:

_n,sing, (1.20)sin 50.0° B m

hi n =
a-b interface b sin 6, sin 45.0°
n, sind, (1.30)sin 45.0°
) b b
- n. = = = 1.10
b-c interface ¢ sing, sin 56.7° 110

As expected, the ranking of the indices of refraction, highest to lowest, is

n, =1.30,n, =1.20,n_ =1.10
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of this equation. Therefore, the liquid with the largest index of refraction has the smallest
value of sin@, and, correspondingly, the smallest value of the critical angle.

SOLUTION In Table 26.1 the liquid with the largest index of refraction is carbon disulfide.
Using Equation 26.4 and taking the refractive index for carbon disulfide from Table 26.1,
we obtain

) n, 1.000 ) 1.000
sing. =—2ar -_—"—— or o =sm1(—j=-37.79°
© Mg 1632 c 1.632

27.

REASONING The light ray traveling in the oil can only penetrate into the water if

it does not undergo total internal reflection at the boundary between the oil and the water.
Total internal reflection will occur if the angle of incidence 6 =71.4° is greater than the
critical angle 6_ for these two media. The critical angle is found from

. n,
sing, =—=2 (26.4)

n

where n, = 1.333 is the index of refraction of water (see Table 26.1), and n; = 1.47 is the
index of refraction of the oil.

SOLUTION Solving Equation 26.4 for ¢, we obtain
. 4[N . _1(1.333 .
6, =sin"t| -2 | =sin 1[—j:

n 1.47

Comparing this result to §=71.4°, we see that the angle of incidence is greater than the
critical angle (6 > 0,). Therefore, |the ray of light will not enter the water |; it will instead

undergo total internal reflection within the oil.

28.

REASONING AND SOLUTION Only the light which has an angle of incidence less than
or equal 6, can escape. This light leaves the source in a cone whose apex angle is 26.. The

radius of this cone at the surface of the water (n = 1.333, see Table 26.1) is R = d tan 6.

Now
g, =sin* (@j = 48.6°
1.333
SO

R =(2.2 m) tan 48.6° =

29.

REASONING AND SOLUTION
a. The index of refraction n, of the liquid must match that of the glass, or n, = .
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b. All colors except violet are to emerge from the slanted face. Therefore, we will use
n, =1.531, the index of refraction of blue light in crown glass (see Table 26.2), in

Equation (1):

n, =(1.531)sin 45.00° =

49.

REASONING The ray diagram is constructed by drawing the paths of two rays

from a point on the object. For convenience, we choose the top of the object. The ray that is
parallel to the principal axis will be refracted by the lens and pass through the focal point on
the right side. The ray that passes through the center of the lens passes through undeflected.
The image is formed at the intersection of these two rays on the right side of the lens.

SOLUTION The following ray diagram (to scale) shows that |d, = 18 cm| and reveals a

real, inverted, and enlarged image.

50.

‘ Image
REASONING
a. Given the focal length (f=-0.300 m) of the lens and the image distance d;, we will

employ the thin-lens equation 3 +i = 1 (Equation 26.6) to determine how far from the
d f

(] 1
van the person is actually standing, which is the object distance d_. The image and the

person are both behind the van, so the image is virtual, and the image distance is negative:
d,=—0.240 m.

b. Once we have determined the object distance d_, we will use the magnification equation

h. d.
m= h—' = —d—' (Equation 26.7) to calculate the true height 4 of the person from the height

0 0

h,=0.34 m of the image.
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SOLUTION
a. Solving Equation 26.6 for d , we obtain

1 1 1 1 1

E_?_d_i or do_i_i_ 1 - 1 =[1.2m

f d -0.300m (-0.240m)
. : : h  d : :
b. Taking the reciprocal of both sides of h—:—d— (Equation 26.7) and solving for 4
[0] 6]

yields

h d d
_(-):__0 or h, =-h, [d—OJ:—(O.34 m)(_;:ﬁj:

51. REASONING We can use the magnification equation (Equation 26.7) to determine the

image height 4. This equation is

h d. d.
S —-__1 or hi:ho{—d—'j (26.7)

(o]

We are given the object height 4 and the object distance d;. Thus, we need to begin by
finding the image distance d,, for which we use the thin-lens equation (Equation 26.6):
1 1 1 1 1 1 d,—f

fd
—+—== or —==-— or d=—2
d d f d f d fd 'od —f

0 1 | 0 0 0

(26.6)

Substituting this result into Equation 26.7 gives

d. fd
hi =h0 -+ =h0 _i > =ho f (1
d, d, \d,—f f—d,
SOLUTION

a. Using Equation (1), we find that the image height for the 35.0-mm lens is

-3
hi=ho[ﬁj=<1.60m>( BOMIM | o)

o 35.0x1073 m)—9.oo m

b. Using Equation (1), we find that the image height for the 150.0-mm lens is

-3
hi _ ho{ f )=(1.60 m) ( 150.0x10™ m =

f—d, 150.0x10° m)-9.00 m

Both heights are negative because the images are inverted with respect to the object.
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REASONING The focal length f can be found with the aid of the thin-lens equation

di +di :% (Equation 26.6), where d is the object distance and d; is the image distance.
0 i
SOLUTION

a. The diverging lens produces a | virtual image |.

b. We know that d, =13.0cm and d; =-5.0 cm, where the image distance is negative
because the image is virtual. Using the thin lens equation, we find

1,1 1 divdg 1 o ddi (13.0 cm)(-5.0 cm) _[81
d, d f dd, f d,+d, (-5.0cm)+(13.0cm)

53.

REASONING The distance from the lens to the screen, the image distance, can be
obtained directly from the thin-lens equation, Equation 26.6, since the object distance and
focal length are known. The width and height of the image on the screen can be
determined by using Equation 26.7, the magnification equation.

SOLUTION
a. The distance di to the screen is

1.1 1 1 1 eaex10¢ mm
d f d 10500mm 108.00mm

0

so that d; =3.78x10° mm = .

b. According to the magnification equation, the width and height of the image on the screen
are

d. 3.78 x10° mm
. h=h|——L |=(240mm)| - 22"~ " |- _8.40x10% mm
Width ! 0( doj ( )( 108 mm j 8
The width is |8.40 x 102 mm|.
d. 3
Height = |~ |2 (36.0mm)| - 2ATMM | o6 10° mm
d0 108 mm

The height is [1.26 x10% mm|.
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2ni2

2.11,2,4 1 1
277 mk%e” L—-—J with M0 =12, 3... and n;>n,

where 272mk?e? /(h®c) =1.097x10” m™ and Z=1 for hydrogen. Once the wavelength
for the particular transition in question is determined, Equation 29.2 (E =hf =hc/A) can be
used to find the energy of the emitted photon.

SOLUTION In the Paschen series, n;=3. Using the above expression with Z=1, n; =7
and n; = 3, we find that

%:(1.097><107 m‘l)(lz) [3%—7%] or 2=1.005%x10"% m

The photon energy is

6.63x10734 J.5)(3.00x10% m/s
E=E=( ) i )= 1.98x1019 J
A 1.005x10°% m

12.

REASONING The ionization energy for a given state is the energy needed to remove the
electron completely from the atom. The removed electron has no kinetic energy and no
electric potential energy, so its total energy is zero.

The ionization energy for a given excited state is less than the ionization energy for the
ground state. In the excited state the electron already has part of the energy necessary to
achieve ionization, so less energy is required to ionize the atom from the excited state than
from the ground state.

SOLUTION
a. The energy of the n™ state in the hydrogen atom is given by Equation 30.13 as
E,=—(13.6eV)Z?/n?*. Whenn= oo, E, =0J, and when n =4,

E,=- (13.6 eV) (1)2 /4% =—-0.850 eV . The difference in energies between these

two states is the ionization energy:

Ionization energy = E_ — £, =10.850 eV

b. In the same manner, it can be shown that the ionization energy for the
n =1 state is 13.6 eV. The ratio of the ionization energies is

0.850 eV _[0.0625
13.6 eV
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13. REASONING Since the atom emits two photons as it returns to the ground state, one is
emitted when the electron falls from n = 3 to n = 2, and the other is emitted when it
subsequently drops from n = 2 to n = 1. The wavelengths of the photons emitted during

these transitions are given by Equation 30.14 with the appropriate values for the initial and
final numbers, n, and n.

SOLUTION The wavelengths of the photons are

1 _ 2(1 1 -
n=3ton=2 z:(1.097><1O7 m 1)(1) (?—37):1.524x106 m (30.14)
A= 16.56x10" m
1 _ 2(1 1 -
n=2ton=1 z:(1.097><1O7 m 1)(1) (1—2—2—2]:8.228x106 m (30.14)

A1=1.22x10"" m

2
14. REASONING The energy levels in a hydrogen atom are given by E, =—(13.6 eV)Z—2
n

(Equation 30.13), where Z =1 is the number of protons in the hydrogen nucleus and
n=1 2,3, ....To use Equation 30.13, we need a value for the quantum number n. We can

2
obtain this value from the radius r, , since r, = (5.29 x107! m)n? (Equation 30.10).

SOLUTION Solving Equation 30.10 for n, we have

2 rz
r =(5.29x10" m)L- oo nd=——10" 1
n ( )z 5.29x10 "' m @)

Substituting Equation (1) into Equation 30.13, we find

Z2 Z?
E =—(13.6eV)==—(13.6 eV
= © )n2 ( © )rnZ/(5.29><10“m)
Z(5.29x10 "' m 1)(5.29 x10 ' m
:—(13.6 eV) ( ):—(13.6 eV)( )( m >: -1.51eV
r (4761 x 107° m)

15. REASONING The Bohr expression as it applies to any one-electron species of atomic
number Z, is given by Equation 30.13: E_ =—(13.6 eV)(Z?/n?). For certain values of the

quantum number #n, this expression predicts equal electron energies for singly ionized
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SOLUTION Of the five states listed in the table, three are not possible. The ones that are
not possible, and the reasons they are not possible, are:

State Reason
(a) The quantum number ¢ must be less than
(©) The quantum number m, must be less than or equal to 0.
(d) The quantum number ¢ cannot be negative.

25.

REASONING The orbital quantum number ¢ has values of 0, 1, 2, ....., (n — 1), according

to the discussion in Section 30.5. Since ¢ =5, we can conclude, therefore, that » > 6. This
knowledge about the principal quantum number n can be used with Equation 30.13,

E =—(13.6 eV)Z2/n?, to determine the smallest value for the total energy E.

SOLUTION The smallest value of E (i.e., the most negative) occurs when n =6. Thus,
using Z =1 for hydrogen, we find
2 2

E,=—(13.6 eV)% =—(13.6 ev)(ls—2 =| -0.378 eV

26.

REASONING We can determine the orbital quantum number ¢ from the maximum allowed
magnitude of the magnetic quantum number m, (see Section 30.5). For a given value of ¢

the allowed values for m, are
L,y =2,=1,0,+1, 42, ..., +{

Once the value for ¢ is identified, we can determine what values for the principal quantum
number n are possible (see Section 30.5). For a given value of n, the permissible values for

? are
(=0,1,2,3,...,(n=1)

SOLUTION Since the maximum magnitude for the magnetic quantum number is ‘mg‘ =4,

we conclude that . Furthermore, we know that the value for ¢ must be less than or
equal to n—1. Therefore, the smallest possible value of the principal quantum number is
n=>y|.

27.

REASONING The maximum value for the magnetic quantum number is m, =/
thus, in state A, ¢ =2, while in state B, /=1. According to the quantum mechanical theory
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two are related. Thus, we will be able to evaluate the wavelength of the X-ray photon from a
knowledge of the electron’s speed.

SOLUTION As discussed in Section 16.2, the wavelength A of a wave is related to its
frequency / and speed v by A=v/f (Equation 16.1). In a vacuum, an electromagnetic

wave travels at the speed ¢ of light. Substituting v = c into A=v/f gives A=c/f. An

X-ray photon is an electromagnetic wave that is a discrete packet of energy. The photon’s
frequency f is related to its energy £ by f =E/h (Equation 29.2), where /4 is Planck’s

constant. Substituting this expression for finto A =c/ f gives

a=So_¢ __ch (1)

Jos

The energy needed to produce an X-ray photon comes from the kinetic energy of an electron

striking the target. If the speed of the electron is much less than the speed of light in a

1
2

mass and speed of the electron. We are given that the electron decelerates to one-quarter of
its original speed, so that its loss of kinetic energy is

vacuum, its kinetic energy KE given by Equation 6.2 as KE =1mv?, where m and v are the

o 2
Loss of kinetic energy = 1mv? —im(4v)" =5 mv?

The kinetic energy lost by the decelerating electron goes into creating the X-ray photon, so
that E = % mv. Substituting this expression for £ into Equation (1) gives

8 -34 7.
J_ch__ch_ (300x10° mis)(6.63x10 Js)2 _[29x10% m

- 2
B %M 15(9.11x10% kg)(6.00x107 mis)

45.

REASONING The number of photons emitted by the laser will be equal to the total
energy carried in the beam divided by the energy per photon.

SOLUTION The total energy carried in the beam is, from the definition of power,

Eyora = Pt= (15 W)(0.050 s)= 0075

The energy of a single photon is given by Equations 29.2 and 16.1 as

e he (6.63><10’34 J.s)(3.00><108 m/s)

=3.87x10719J
photon ) 514x10~° m

E

where we have used the fact that 514 nm = 514x10° m. Therefore, the number of
photons emitted by the laser is
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Eota 0.0751J

= 5 =|1.9x10'" photons
Ephoton  3-87x107" J/photon

46.

REASONING The energy E delivered a single laser photon is E =hf (Equation 29.2),

where h=6.63 x 107* J-s is Planck’s constant and f is the frequency. The frequency is
related to the wavelength 1 according to fA =c (Equation 16.1), so that f =c/ A, where

c=3.00 x 108 m/s is the speed of light in a vacuum. Substituting this expression for the
frequency into Equation 29.2 gives the following equation for the energy of a single photon:

_he
A

E = hf )

The total energy of N photons is NE.

SOLUTION Using Equation (1), we set the total energy delivered by N photons from the

carbon dioxide laser equal to the energy delivered by a single photon from the excimer laser:
N hc _ hc

A

A excimer

carbon dioxide

Total energy of N photons Energy of 1 photon
from carbon dioxide laser ~ from carbon dioxide laser

Solving for N, we find that

N = ﬂcarbon dioxide _ 1.06 x 10° m

A 193 x 10 ° m

excimer

=549

Since only a whole number of photons is possible, the minimum number of photons required
of the carbon dioxide laser is .

47.

REASONING The total energy E, , of a single pulse is equal to the number N of photons in
the pulse multiplied by the energy E of each photon:

E.: =NE 1)
The energy E of each photon is given by E =hf (Equation 29.2), where & = 6.63x107>* s
is Planck’s constant and f is the frequency of the photon. We will use f :%

(Equation 16.1) to determine the frequency f of the photons from their wavelength A and the
speed c of light in a vacuum. To find the total energy E, , of each pulse, we will make use of

the fact that the average power Pavg of the laser is equal to the total energy of a single pulse
divided by the duration Az of the pulse:
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Etot
Pan == E (610b)

SOLUTION Solving Equation (1) for N, we obtain
E
N = —tot 2
= )
Solving Equation (6.10b) for E,; yields E, At . Substituting this result and E =hf

(Equation 29.2) into Equation (2), we find that

= Pavg

E P At
N=—lot_ 29 (3)
E hf

Substituting f :% (Equation 16.1) into Equation (3), we find that the number of photons in

each pulse is:

N 2 gt Paght_ Paghtd (5.00x1072 W)(25.0x10~2 5)(633x10~° m)

hf _h(C)_ he ~ (6:63x10°% J.5)(3.00x10% mis)
p)

~[3.98x10"

48.

REASONING The external source of energy must “pump” the electrons from the ground
state £, to the metastable state £,. The population inversion occurs between the metastable

state £, and the one below it, £,. The lasing action occurs between the two states that have
the population inversion, the £, and E| states.

SOLUTION
a. From the drawing, we see that the energy required to raise an electron from the £, state to

the E, state is 0.289eV/|.

b. The lasing action occurs between the £, and E| states, and so the energy E of the emitted
photon is the difference between them; £ = E, — E|. According to Equations 29.2 and 16.1,
the wavelength A of the photon is related to its energy via A = hc/E, so that

L he (6.63x107 J-5)(3.00x10° mis) oot

E _ 19
2~ 5 (0.289eV—O.165eV)(1'601xel\c;‘]j




