CHAPTER 25

1. The two mirrors illustrated in Figure P25.1 meet at a right
angle. The beam of light in the vertical plane P strikes mir-
ror 1 as shown. (a) Determine the distance the reflected
light beam travels before striking mirror 2. (b) In what di-
rection does the light beam travel after being reflected
from mirror 27

FIGURE P25.1

17. When the light illustrated in Figure P25.17 passes through
the glass block, it is shifted laterally by the distance d. Tak-
ing n = 1.50, find the value of d.

50.00:

FIGURE P25.17 Problems 25.17 and 25.18.



33. Determine the maximum angle 6 for which the light rays
incident on the end of the pipe in Figure P25.33 are sub-
ject to total internal reflection along the walls of the pipe.
Assume that the pipe has an index of refraction of 1.36
and that the outside medium is air. Your answer defines
the size of the cone of acceptance for the light pipe.

FIGURE P25.33

Physicsg-gﬂuwm A light ray of wavelength 589 nm is inci-
dent at an angle # on the top surface of a block of poly-
styrene as shown in Figure P25.53. (a) Find the maximum
value of 6 for which the refracted ray undergoes total inter-
nal reflection at the left vertical face of the block. Repeat
the calculation for cases in which the polystyrene block is
immersed in (b) water and (¢) carbon disulfide.

o PP g
FIGURE P25.53




Chapter 26

7. A concave spherical mirror has a radius of curvature of
20.0 cm. Find the location of the image for object distances
of (a) 40.0 cm, (b) 20.0 cm, and (c¢) 10.0 cm. For each
case, state whether the image is real or virtual and upright
or inverted. Find the magnification in each case.

FhYSiBS%NUW'“ A spherical convex mirror (Fig. P26.9)
has a radius of curvature with a magnitude of 40.0 cm.
Determine the position of the virtual image and the magni-
fication for object distances of (a) 30.0 cm and (b) 60.0 cm.
(c) Are the images upright or inverted?



1@ Paul Silverran 1990, Fundamental Photographs)

FIGURE P26.9 Convex mirrors, often used
for security in department stores, provide
wide-angle viewing.

15. @ To fit a contact lens to a patient’s eye, a keratometer can
be used to measure the curvature of the front surface of
the eye, the cornea. This instrument places an illuminated
object of known size at a known distance p from the
cornea. The cornea reflects some light from the object,
forming an image of the object. The magnification M of
the image is measured by using a small viewing telescope
that allows comparison of the image formed by the cornea
with a second calibrated image projected into the field of
view by a prism arrangement. Determine the radius of
curvature of the cornea for the case p= 30.0cm and

M=0.0130.

30. A converging lens has a focal length of 20.0 cm. Locate the
image for object distances of (a) 40.0 cm, (b) 20.0 cm, and
(c) 10.0 ecm. For each case, state whether the image is real
or virtual and upright or inverted. Find the magnification
in each case.

An object is located 20.0 cm to the left of a diverging lens
having a focal length f = — 32.0 cm. Determine (a) the lo-
cation and (b) the magnification of the image. (¢) Con-
struct a ray diagram for this arrangement.



36. The use of a lens in a certain situation is described by the
equation
1 1 1

— +
p — 3.50p 7.50 cm

Determine (a) the object distance and (b) the image dis-
tance. (c) Use a ray diagram to obtain a description of the
image. (d) Idenufy a practical device described by the
given equation and write the statement of a problem for
which the equation appears in the solution.

Chapter 27

2. In a locaton where the speed of sound is 354 m/s, a
2 000-Hz sound wave impinges on two slits 30.0 cm apart.

(a) At what angle is the first maximum located? (b) If the
sound wave is replaced by 3.00-cm microwaves, what slit
separation gives the same angle for the first maximum? (c)
If the slit separation is 1.00 um, what frequency of light
gives the same first maximum angle~

An oil film (n = 1.45) floating on water is illuminated by
white light at normal incidence. The film is 280 nm thick.
Find (a) the color of the light in the visible spectrum most
strongly reflected and (b) the color of the light in the spec-
trum most strongly transmitted. Explain your reasoning.

Physics?ﬂﬂnwm A screen is placed 50.0 cm from a single
slit, which is illuminated with 690-nm light. If the distance
between the first and third minima in the diffraction pat-
tern is 3.00 mm, what is the width of the slit?



46. Laser light with a wavelength of 632.8 nm is directed
through one slit or two slits and allowed to fall on a screen
2.60 m beyond. Figure P27.46 shows the pattern on the
screen, nearly actual size, with a centimeter rule below it.
Did the light pass through one slit or two slits? If one, find

its width. If two, find the distance between their centers.

5 6 7 8 9 10 11 12 13

FIGURE P27.46

47. Interference effects are produced at point P on a screen as
a result of direct rays from a 500-nm source and reflected
rays from the mirror as shown in Figure P27.47. Assume
that the source is 100 m to the left of the screen and
1.00 cm above the mirror. Find the distance y to the first
dark band above the mirror.

Viewing screen

Source

Mirror

FIGURE P27.47



Chapter 15

6. (a) Calculate the absolute pressure at an ocean depth of
1 000 m. Assume that the density of sea water 1s 1 024 kg/1113
and that the air above exerts a pressure of 101.3 kPa. (b) At
this depth, what force must the frame around a circular sub-
marine porthole having a diameter of 30.0 cm exert to
counterbalance the force exerted by the water?

Physicsg-gl\lnwm Blaise Pascal duplicated Torricelli’s
barometer using a red Bordeaux wine, of density
084 kg/m?’, as the working liquid (Fig. P15.13). What was
the height £ of the wine column for normal atmospheric
pressure?  Would you expect the vacuum above the col-
umn to be as good as for mercury?

L0

FIGURE P15.13
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16. @ The human brain and spinal cord are immersed in the
cerebrospinal fluid. The fluid is normally continuous be-
tween the cranial and spinal cavities. It normally exerts a
pressure of 100 to 200 mm of H9O above the prevailing at-
mospheric pressure. In medical work, pressures are often
measured in millimeters of HoO because body fluids, in-
cluding the cerebrospinal fluid, typically have the same
density as water. The pressure of the cerebrospinal fluid
can be measured by means of a spinal tap as illustrated in
Figure P15.16. A hollow tube is inserted into the spinal col-
umn, and the height to which the fluid rises is observed. If
the fluid rises to a height of 160 mm, we write its gauge
pressure as 160 mm HsO. (a) Express this pressure in
pascals, in atmospheres, and in millimeters of mercury.
(b) Sometimes it is necessary to determine whether an ac-
cident vicuim has suffered a crushed vertebra that 1s block-
ing flow of the cerebrospinal fluid in the spinal column. In
other cases, a physician may suspect that a tumor or other
growth is blocking the spinal column and inhibiting flow
of cerebrospinal fluid. Such conditions can be investigated

FIGURE P15.16

by means of Queckensledt’s test. In this procedure, the veins
in the patient’s neck are compressed so as to make the
blood pressure rise in the brain. The increase in pressure
in the blood vessels is transmitied to the cerebrospinal
fluid. What should be the normal effect on the height of
the fluid in the spinal tapz (c) Suppose compressing the
veins had no effect on the fluid level. What might account
for that?



21. A 10.0-kg block of metal measuring 12.0 cm X 10.0 cm X
10.0 cm is suspended from a scale and immersed in water
as shown in Figure P15.21. The 12.0-cm dimension is verti-
cal and the top of the block is 5.00 cm below the surface of
the water. (a) What are the forces acting on the top and on
the bottom of the block? (Use Py = 1.013 0 X 10° N/m?.)
(b) What is the reading of the spring scale? (c) Show that
the buoyant force equals the difference between the forces
at the top and the bottom of the block.

FIGURE P15.21

PhYSiBSE%NUW"‘ A large storage tank with an open top is
filled to a height hy. The tank is punctured at a height £
above the bottom of the tank (Fig. P15.53). Find an ex-
pression for how far from the tank the exiting stream

lands.

FIGURE P15.33 Problems 15.33 and 15.34.



43. Asiphon is used to drain water from a tank as illustrated in
Figure P15.43. The siphon has a uniform diameter.
Assume steady flow without friction. (a) Assuming that the
distance & = 1.00 m, find the speed of outflow at the end
of the siphon. (b) What is the limitation on the height of
the top of the siphon above the water surface? (For the
flow of the liquid to be continuous, the pressure must not
drop below the vapor pressure of the liquid.)
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FIGURE P15.43

50. Water is forced out of a fire extinguisher by air pressure as
shown in Figure P15.50. How much gauge air pressure in
the tank (above atmospheric) is required for the water jet
to have a speed of 30.0 m/s when the water level is 0.500 m
below the nozzler

FIGURE P15.50



63. The spinit-in-glass thermomeler, invented in Florence, Italy,
around 1654, consists of a tube of liquid (the spirit) con-
taining a number of submerged glass spheres with slightly
different masses (Fig. P15.63). At sufficiently low tempera-
tures, all the spheres float, but as the temperature rises,
the spheres sink one after another. The device is a crude
but interesting tool for measuring temperature. Suppose
the tube is filled with ethyl alcohol, whose density is
0.789 45 g/cm?® at 20.0°C and decreases to 0.780 97 g/cm?
at 30.0°C. (a) Assuming that one of the spheres has a ra-
dius of 1.000 ¢cm and is in equilibrium halfway up the tube
at 20.0°C, determine its mass. (b) When the temperature
increases to 30.0°C, what mass must a second sphere of the
same radius have to be in equilibrium at the halfway point?

[Courtesy of Jeanne Maier)

FIGURE P15.63

Chapter 16

4. The temperature difference between the inside and the
outside of an automobile engine 1s 450°C. Express this

temperature difference on (a) the Fahrenheit scale and
(b) the Kelvin scale.



11. A square hole 8.00 cm along each side is cut in a sheet of
copper. (a) Calculate the change in the area of this hole
resulting when the temperature of the sheet is increased by
50.0 K. (b) Does this change represent an increase or a de-
crease in the area enclosed by the hole?

Physicsg-gﬂuwm The mass of a hot-air balloon and its
cargo (not including the air inside) is 200 kg. The air out-
side 1s at 10.0°C and 101 kPa. The volume of the balloon 1s
400 m3. To what temperature must the air in the balloon
be heated before the balloon will lift off? (Air density at

10.0°C is 1.25 kg/m?.)

24. At 25.0 m below the surface of the sea (density=
1025 kg/ms), where the temperature 1s 5.00°C, a diver
exhales an air bubble having a volume of 1.00 cm®. If the
surface temperature of the sea is 20.0°C, what is the vol-
ume of the bubble just before it breaks the surfacer

Physicsg-gﬂuwm A cylinder contains a mixture of helium
and argon gas in equilibrium at 150°C. (a) What is the av-
erage kinetic energy for each type of gas molecule?
(b) What is the root-mean-square speed of each type of
molecule?

Chapter 17

3. A 50.0-g sample of copper is at 25.0°C. If 1200 ] of energy
is added to it by heat, what is the final temperature of the
copper?

A 1.50-kg iron horseshoe initally at 600°C is dropped into
a bucket containing 20.0 kg of water at 25.0°C. What is the
final temperature? (Ignore the heat capacity of the con-
tainer and assume that a negligible amount of water boils
away. )



20. (a) Determine the work done on a fluid that expands from
i to fas indicated in Figure P17.20. (b) How much work is
performed on the fluid if it is compressed from fto 7 along
the same path?

P (Pa)
6 % 10°
4% 10°

2 % 10°

FIGURE P17.20

24. A gas is taken through the cyclic process described in
Figure P17.24. (a) Find the net energy transferred to the
system by heat during one complete cycle. (b) If the cycle
is reversed —that is, the process follows the path ACBA—
what is the net energy input per cycle by heat?

V(m?)

FIGURE P17.24 Problems 17.24 and 17.25.



30. An ideal gas initially at P, V;, and T;is taken through a cy-
cle as shown in Figure P17.30. (a) Find the net work done
on the gas per cycle. (b) What is the net energy added by
heat to the system per cycle? (c¢) Obtain a numerical value

for the net work done per cycle for 1.00 mol of gas initally
at 0°C.

3P, F—-

FIGURE P17.30
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32. In Figure P17.32, the change in internal energy of a gas that
is taken from A to Cis +800 ]. The work done on the gas
along path ABCis —500 ]. (a) How much energy must be
added to the system by heat as it goes from A through B to
€7 (b) If the pressure at point A is five times that of point C,
what is the work done on the system in going from Cto Dz
(c) What is the energy exchanged with the surroundings by
heat as the cycle goes from C to A along the green path?
(d) If the change in internal energy in going from point D
to point A is + 500 |, how much energy must be added to
the system by heat as it goes from point Cto point [)?

P
A B
|
]
D C

FIGURE P17.32

Chapter 18

1. A heat engine takes in 360 | of energy from a hot reservoir
and performs 25.0 | of work in each cycle. Find (a) the effi-
ciency of the engine and (b) the energy expelled to the
cold reservoir in each cycle.

One of the most efficient heat engines ever built is a steam
turbine in the Ohio valley, operating between 430°C and
1 870°C on energy from West Virginia coal to produce elec-
tricity for the Midwest. (a) What is its maximum theoretical
efficiency? (b) The actual efficiency of the engine is 42.0%.
How much useful power does the engine deliver if it takes in
1.40 X 10 J of energy each second from its hot reservoir?



20. Calculate the de Broglie wavelength for a proton moving
with a speed of 1.00 X 105 m,/'s.

13. A refrigerator has a coelflicient of performance equal to
5.00. The refrigerator takes in 120 J of energy from a cold
reservoir in each cycle. Find (a) the work required in each
cycle and (b) the energy expelled to the hot reservoir.

Chapter 28

An FM radio transmitter has a power output of 150 kW
and operates at a frequency of 99.7 MHz. How many pho-
tons per second does the transmitter emit?

9. Molybdenum has a work function of 4.20 ¢V. (a) Find the
cutofl wavelength and cutoff frequency for the photoelec-
tric effect. (b) What is the stopping potential if the inci-
dent light has a wavelength of 180 nm?

20. Calculate the de Broglie wavelength for a proton moving
with a speed of 1.00 X 106 m,/'s.

An electron (m,= 9.11 X 1031 kg) and a bullet (m=
0.020 0 kg) each have a velocity with a magnitude of
500 m/s, accurate to within 0.010 0%. Within what limits
could we determine the position of the objects along the
direction of the velocity?



Chapter 29

5. The Balmer series for the hydrogen atom corresponds to
electronic transitions that terminate in the state with quan-
tum number n = 2 as shown in Figure P29.5. (a) Consider
the photon of longest wavelength; determine its energy
and wavelength. (b) Consider the spectral line of shortest
wavelength; find its photon energy and wavelength.
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34. In x-ray production, electrons are accelerated through a
high voltage AV and then decelerated by striking a target.
Show that the shortest wavelength of an x-ray that can be
produced is

1 240 nm-V
)lmin = T

Chapter 30

8. Calculate the binding energy per nucleon for (a) ’H,
(b) *He, (c) *Fe, and (d) 2%U.

Find the energy released in the alpha decay
U — BITh + §He

You will find Table A.3 useful.



20. Identify the missing nuclide or particle (X):

()X — FNi+y
(b) %3P0 — X+ a

(c) X — ggFe-l- e"+ v
(d) 8Cd + X — WAz +»
(e) "N +dHe — X+ O

24. Enter the correct isotope symbol in each open square in
Figure P30.24, which shows the sequences of decays in the
natural radioactive series starting with the long-lived
isotope uranium-235 and ending with the stable nucleus
lead-207.

FIGURE P30.24

26. Identify the unknown nuclei and particles X and X' in the
following nuclear reactions:

(a) X + 3He — Mg + |n
(b) 29325[} + ,13n — ggSr + X + Qén
(©)2fH — IH+X+X






