	CHAPTER 11 : WAVE MOTION 

The transfer of energy in an elastic medium, without the net transport of the medium, occurs through the propagation of waves. The waves are formed due to the oscillation of the particles in the medium which, in succession, transfer the energy from one particle to another due to the elastic forces holding them together. 

9.1 Transverse waves and Longitudinal waves 

Transverse Waves 

When the wave propagates along the transverse (perpendicular) direction of the oscillation of the particles, then it is called transverse Wave. 

The diagrams represent schematically the formation of a Transverse Wave. 0,1,2,3,4 particles of an elastic medium that are equidistant from each other and capable of vibrating along the vertical with the same amplitude (r), period (T). At t = 0, the particle begins to vibrate, indicated byenergy INCLUDEPICTURE "http://www.pinkmonkey.com/studyguides/subjects/physics/chap9/image1.gif" \* MERGEFORMATINET 


 . After T/4, 2T/4 , 3T/4, T the arrow shifts to 1st to 2nd to 3rd to 4th particle, due to the transfer of  from one particle to another . 
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The characteristics of transverse waves are :- 

i. Formation of troughs and crests.

ii. Successive crests or troughs are separated by constant distance [image: image2.png]


called wave length. 

iii. The wave progresses with velocity [image: image3.png].



where T is the period of wave in interval of time in which the wave advances by [image: image4.png]



iv. Frequency ( n) of waves is defined as number of waves crossing any point in the medium per unit time i.e.[image: image5.png]


 

Longitudinal Waves 

The dashed curves represent the position of the particles at different moments. [image: image6.png]t=0sec
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When the propagation of waves occurs along the same direction as that of the oscillations of the particles, then a longitudinal wave is formed. The diagrams above represent the formation of longitudinal waves. 

The characteristics of these waves are: - 

i. Formation of compression and rarefaction . 

ii. The distance between successive compressions or rare factions is called wave length  . 

iii. The wave propagates with velocity [image: image7.png]AT,




T is period of wave. 

iv. Frequency of waves is n = [image: image8.png]==




 v = n  

CHAPTER 11,12  : SOUND WAVES (vibrations and waves)

The science of mechanics grows out of the human sense of touch and sight by gradually extracting information, gathered through experimentation, into abstract theoretical frame work. 

In the same way, the science of Sound grows out of the human sense of perception of hearing. Upon realization that these perceptions are manifestations of vibrations, the theory of sound can also be developed on the basis of principles of mechanics. These developments constitute the topic of sound, as presented in this book. 

The elastic (longitudinal) waves in the air to which the human ear is sensitive are called sound waves. Thus 'sound' can be described as longitudinal elastic waves in air. (In fluids only longitudinal waves can be produced because fluids cannot sustain shear deformation. However on the free surfaces of liquids, transverse waves can also be produced.) These longitudinal sound waves are produced by vibrating objects, like vocal chords, various musical instruments, etc. 

	

	

	Intensity and Pitch 

Intensity of a sound wave is defined as Power flux i.e., amount of energy incident per unit normal area per unit time; i.e., Intensity I is measured in units of 1 Watt/m2 

The practical unit of Intensity is called 1 decibel (1dB) which really stands for comparison with some standard intensity (I0) on the logarithmic (base 10) scale, and is defined as 
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If I0 = 10-12 watt/m2, the threshold of hearing i.e. the intensity that is just audible to a normal ear then b = 60 dB for normal conversation.
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Thus the intensity of sound in normal conversation is a million times greater than the just audible intensity of sound. 

Loudness 
Loudness of sound is the qualitative or subjective measure of intensity and generally corresponds to intensity. A sound of a particular intensity with different frequencies can be perceived as having different loudness by the same person; or two persons may perceive the loudness to be different even if they both listen to the sound of the same intensity . 

Pitch 
The response of the human ear to sound in terms of shrillness of sound is called pitch. This is against quantitative and subjective measure, and it corresponds to the objective measure called frequency. Thus a high pitch or shriller sounds correspond to a high frequency
[image: image11.png]




etc. 



	Doppler Effect 
The apparent change in frequency of a sound wave, detected by an observer, in relative motion with respect to the source of sound waves, is called Doppler effect. 

For elastic or mechanical waves such as sound waves, in some material medium, the effect depends on whether the listener is moving towards the stationary source or the source is moving towards the stationary listener. This can be seen even though the relative velocity
[image: image12.png]




of motion between the listener and the source is the same. 

Source (S) in motion and Listener (L) at rest, relative to some fixed interval frame of reference..asp.asp.asp.asp.asp.asp.asp.asp 

(a) Source (S) moving towards the stationary listener (L). 

[image: image13.png]Figure 1




Let n : Frequency of Sound waves emitted by 'Source' S
     n' : Apparent frequency of these wave received by listener            L 
     S : initial position of 'source' at t = 0 sec 
     S' : final position of 'source' at t = 1 sec 
     v : velocity of approach of S to L along the line joining            them. 
     c : velocity of sound in air (Still)

For convenience, we choose initial distance between S and L to be numerically equal to 'C', so that if S were stationary then all n waves emitted by source in 1 sec. will be received by L within interval of 1 sec. 

To the listener all the n waves emitted by the source appear to be compressed in the distance S'L = C - V,
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(b) Source (S) moving away from the stationary listener (L)
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Source (S) stationary and listener (L) in motion, relative to some fixed reference frame (inertial)

(a) Listener (L) moving towards the stationary Source (S)
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If L were stationary then only x waves will be received in 1 sec, but as L is approaching S, the extra number of waves within distance V = LL' will be received therefore, the number of waves received by L in 1 sec. = n + number of waves in distance v.
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(b) Listener (L) moving away from the stationary source (S) 
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	Superposition Principle 

The effect of two or more waves, on the oscillations of particles of a medium at which the waves arrive simultaneously, is given by the superposition principle. 

It states that "The resultant vibration of any particle at which two or more waves arrive simultaneously is given by the Vector addition of displacements given to the particle of each wave independently of the other." 

The principle is illustrated in the following diagram
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: 
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Note
i. The use of transverse waves is just for visual effect.

ii. If the angle subtended at P by the lines of propagations S1P and S2P of the waves is negligible, i.e. the distance between sources S1S2 is much smaller than the distance of either of the sources from 'P',then PM and PN are either parallel to each other or are anti - Parallel to each other.

iii. When [image: image21.png]A —_
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  and in same direction as PM or PN. This condition is called constructive interference.

iv. When PM anti- || to PN then PQ = PM - PN or PQ = PN- PM which ever is +ve and in the direction of the greater of the two.




The Phenomenon of Beats of Sound 
When two vibrating objects (Sources of audible Sound) vibrate with slightly different frequencies at a place far away - compared to the separation between the sources - from the sources the loudness (intensity) of sound waves and waves periodically, this phenomenon is called Beats of Sound. The beat frequency i.e., frequency of waxing and waning of sound is found to be equal to the positive difference between the two interfering frequencies. 

The Phenomenon of Beats can be illustrated graphically also, as shown below : 
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 (a) and (b) shows the number of waves arriving from the two sources of frequencies n1 and n2 at the position of the Listener over the interval of 1 sec. The diagram (c) represents the effect of these superposed waves resulting into 4 maximas (waxings) and minimas (wanings) indicating that beat frequency is N = n2 -n1 = |n1 - n2| in general. These diagrams are only illustrative ones, since n1, n2 < 20 Hz and N < 20 Hz, the sounds are inaudible to humans. 
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Standing or Stationary waves 
If a taut string that is held fixed at its ends is suitably plucked, then the visual pattern of a loop (which is an optical illusion) is observed to be formed between the fixed ends. This and similar phenomena are due to the formation of standing waves. The standing waves are formed due to superposition of two waves having the same characteristics but traveling in opposite directions along same path. 

The analysis of standing waves can be obtained from superposition of two traveling harmonic waves.

It is obvious that between any two successive nodes, an anti-node and conversely between any two successive anti-nodes a node, occurs exactly in the middle. The nodes and anti-nodes are formed alternately with separation of  / 4 and the distance between successive nodes and anti-nodes is  / 2.
the formation of Nodes-points at which no vibrations- and anti- Nodes- points at which vibrations with maximum amplitudes occur in standing wave.        

	The formation of standing waves and nodes, anti-nodes is illustrated in the following diagram.
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The diagrams (a) to (e) represent the waves at successive instants as they propagate in their respective directions. The dotted curves represent the generations of further pulses, as the particles at A & I are allowed to vibrate further over a of time period T.

As the waves start superposing over each other at [image: image25.png]]



sec, the particles at E, C and G, A and I vibrate with maximum aplitude and hence anti-nodes (A-N) occur at these positions; whereas particles
[image: image26.png]




at D and F, B and G do not vibrate at all. These positions are called Nodes.

It should be noted that the particles where A-N are formed virate with maximum amplitude therefore for waves of frequency  10 Hz i.e.[image: image27.png]in



 sec; these particles move from the maximum to -ve maximum along Y-axis (say) in an interval of  [image: image28.png]


, hence the persistence of vision gives rise to appearance of stationary loops when the standing waves are formed on strings.

	

	


Forced Oscillations and Resonance
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The concept of forced oscillations can be explained with an example of a simple pendulum suspended from rigid support as in Fig 8(a) and two pendulums suspended side by side from a rubber string as in Fig 8(b).

The concept of forced oscillations can be explained with an example of a simple pendulum suspended from a rigid support as in Fig 8(a) and two pendulums suspended side by side from a rubber string as in Fig 8(b)

The Oscillations of pendulum of length L in Fig. 8(a) are called free oscillations. Similarly oscillations of pendulum of fixed length L in Fig 8(b) are also called free oscillations. The pendulum of length 'l' (variable) due to free oscillations of pendulum of length L are called forced oscillations. The forced oscillations are communicated through a medium (Rubber String in this example); but non- mechanical waves such as Electro- Magnetic waves can be communicated through empty space as well as through the electro-magnetic field. The response of pendulum of length 'l' in terms of its amplitude compared with fixed amplitude of the freely oscillating pendulum varies with the length 'l' and it is found that the pendulumperforming forced oscillationsoscillateswith maximumamplitudewhenits lengthismadeequal to L, see fig: 8(c) below.
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At l = L, i.e, when frequency (natural ) 'n' of pendulum of length 'l' is forced upon it by pendulum of length 'L' then the first pendulum has maximum amplitude of forced oscillations; and since energy of oscillations is proportional to r2 , therefore maximum energy is absorbed when l = L from the same constant supply of energy by freely oscillating pendulum. The phenomenon of maximum absorption of energy by forced system is called resonance phenomenon. 

The maximum absorption of energy by forced system when its natural frequency is forced on it is the phenomenon of resonance. 

	

	


The Phenomenon of resonance in the basic principle in 

i. Tuning of musical instruments.

ii. Tuning of radio sets.

iii. Tuning of TV sets.

iv. Warning for army troops to walk over and not to march over road bridges. 

v. Similar warning to vehicles to drive within maximum permissible speed limit over road bridges.

vi. Radar imaging and so on.
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Simple Harmonic Motion

Concept Review

HOLT PHYSICS

1. A clown is rocking on a rocking chair in the dark. His glowing red nose

moves back and forth a distance of 0.42 m exactly 30 times a minute, in a

simple harmonic motion.

a. What is the amplitude of this motion?

b. What is the period of this motion?

c. What is the frequency of this motion?

d. The top of the clown’s hat contains a small light bulb that shines a narrow

light beam. The beam makes a spot on the wall that goes back and

forth between two dots placed 1.00 m apart as the clown rocks.What

are the amplitude, period, and frequency of the spot’s motion?

2. A 5.00 kg block hung on a spring causes a 10.0 cm elongation of the spring.

a. What is the restoring force exerted on the block by the spring?

b. What is the spring constant?

c. What force is required to stretch this spring 8.50 cm horizontally?

d. What will the spring’s elongation be when pulled by a force of 77.7 N?

Section 12-1
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Measuring Simple Harmonic Motion

Math Skills

HOLT PHYSICS Section 12-2

1. A spring-mass system vibrates exactly 10 times per second. Find its

period and its frequency.

2. A pendulum swings with a period of 0.20 seconds.

a. What is its frequency?

b. How many times does it pass the lowest point on its path in 1.0 second?

in 7.0 seconds?

3. A spring-mass system completes 20.0 vibrations in 5.0 seconds, with a

2.0 cm amplitude.

a. Find its frequency and its period.

b. The same mass is pulled 5.0 cm away from the equilibrium position,

then released.What will the period, the frequency, and the amplitude be?

4. A pendulum completes 30.0 oscillations per minute. Find its frequency,

its period, and its length.

5. A spring has a 2.000 103 N/m spring constant.

a. What mass will make it oscillate 5.0 times per second? 10.0 times per

second?

b. You want the mass-spring system to operate at a higher frequency.

Should you increase or decrease the mass?

HRW material copyrighted under notice appearing earlier in this book.
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Properties ofWaves

Concept Review

HOLT PHYSICS

1. Radio waves travel at the speed of light (3.00 108 m/s). An amateur radio

system can receive radio signals at frequencies between 8.00 MHz and

1.20 MHz.What is the range of the wavelengths this system can receive?

2. Graph (a) below describes the density versus time of a pressure wave

traveling through an elastic medium. Graph (b) describes the density

versus distance for the same wave.

Section 12-3

HRW material copyrighted under notice appearing earlier in this book.

0.00 0.01 0.02 0.03 0.04

(a)

Time (s)

0.00 20.00 40.00 60.00 80.00

(b)

Distance (m)

a. Use graph (a) to find the period of oscillation of this wave and its

frequency.

b. Use graph (b) to find the wavelength and the speed.
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Wave Interactions

Graph Skills

HOLT PHYSICS Section 12-4

1. A wave of 0.25 cm amplitude traveling on a string interferes

with a wave of 0.35 cm amplitude that was generated at the

other end with the same frequency. Their maxima occur at

the same points on the string.

a. Sketch a graph of each individual wave traveling through

the same area of the string for one period on the grids

labeled (a) and (b).

b. Sketch a graph of the wave shape resulting from interference

on the grid labeled (c).

2. A 15.0 m long string is tied at one end (point B) and shaken

repeatedly at the other end (point A) with a 2.00 Hz frequency.

This generates waves that travel at 20.0 m/s in the string.

a. How long does it take for each pulse to travel from A to B

and return to A?

b. What is the wavelength of these waves?

c. Are the pulses inverted when reflected from B?

HRW material copyrighted under notice appearing earlier in this book.
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Vibrations and Waves

Mixed Review

HOLT PHYSICS

Chapter 12 67

1. A pendulum with a mass of 0.100 kg was released. The string made a

7.0° angle with the vertical. The bob of the pendulum returns to its

lowest point every 0.10 s.

a. What is its period? What is its frequency?

b. The pendulum is replaced by one with a mass of 0.300 kg and set to

swing with a 15° angle. Do the following quantities increase, decrease,

or remain the same?

period

frequency

total energy

speed at the lowest point

2. A narrow, flat steel rod is anchored at its lower end, with a 0.500 kg

ball welded to the top end. A force of 6.00 N is required to hold the

ball 10.0 cm away from its central position.

If this arrangement is modeled as an oscillating horizontal mass-spring

system, vibrating with a simple harmonic motion, find

a. the force constant, k, of the spring.

b. the period and frequency of the oscillations.

3. Find the acceleration due to gravity at a place where a simple pendulum

0.150 m long completes 1.00 102 oscillations in 3.00 102 seconds.

Could this place be on Earth?

NAME ______________________________________ DATE _______________ CLASS ____________________

Chapter 12
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4. Consider the first two cycles of a pendulum swinging from position A

with a period of 2.00 s.

a. At which times is the bob found at positions A, B, and C during the

first two cycles?

b. At which times and locations is gravitational potential energy at a

maximum? At which times is kinetic energy at a maximum?

c. At which times and locations is the velocity at a maximum? the

restoring force? the acceleration?

5. The frequency of a pressure wave is 1.00 102 Hz. Its wavelength is 3.00 m.

Find the speed of wave propagation.

6. A pressure wave of 0.50 m wavelength propagates through a 3.00 m long

coil spring at a speed of 2.00 m/s. How long does it take for the wave to

travel from one end of the coil to the other? How many wavelengths fit

in the coil?

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 12
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Sound Waves

Concept Review

HOLT PHYSICS

1. In an experiment for measuring the speed of sound, a gun was shot 715 m

away from the observer. It was heard 2.13 seconds after the flash was seen.

What was the speed of sound in air at that time?

2. Sound travels at 1530 m/s in sea water. A signal sent down from a ship is

reflected at the bottom of the ocean and returns 1.35 s later. Assuming

the speed of sound was not affected by changes in the water, how deep

was the ocean at that point?

3. A train at rest blows a whistle to alert passengers that it is about to depart

from a subway station. The pitch of this whistle is 1.14 104 Hz. The speed

of sound in the air in that subway tunnel is 342 m/s. The speed of sound in

iron is 5130 m/s.

a. What is the wavelength of that sound in the air?

b. What is the distance between consecutive areas of compression and

of rarefaction in the spherical sound waves spreading from the whistle

in the air?

c. Assuming that the sound was loud enough to be heard from the end

of the 1200 m long tunnel, when was it heard through air? through

the rails?

d. What was the apparent frequency of the sound waves that reached

the end of the tunnel?

e. As the train left the station, did the frequency appear to change for a

listener on the platform? inside the train? at the other end of the tunnel?

Section 13-1
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Sound Intensity and Resonance

Concept Review

HOLT PHYSICS Section 13-2

Refer to the following table to answer the following questions.

HRW material copyrighted under notice appearing earlier in this book.

Intensity (W/m2) Decibel level (dB) Intensity (W/m2) Decibel level (dB)

1.0 10–9 30 1.0 10–5 70

1.0 10–8 40 1.0 10–4 80

1.0 10–7 50 1.0 10–3 90

1.0 10–6 60 1.0 10–2 100

1. While practicing his instrument at home, a young drummer produces

sounds with 0.5 W of power. Assume the sound waves spread spherically,

with no absorption in the medium.

a. What is the intensity of the sound waves that reach the walls of his

room 2.00 to 4.00 m from the drum?

b. What is the intensity of the sound waves that reach the family room,

8.00 to 12.0 m from the drum?

c. What is the intensity and approximate decibel level of the sound

waves that reach the neighbors’ home 50.0 m away?

2. The sound level 5.00 meters away from a jackhammer is exactly 100 dB.

a. What is the intensity of the sound at that point?

b. What is the power of the sound from the jackhammer?

c. At what distance from the jackhammer will the noise intensity decrease

to 1.00 10–8 W/m2?
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Harmonics

Diagram Skills

HOLT PHYSICS

1. A 52.0 cm long guitar string has a fundamental frequency of 444 Hz.

a. What is the speed of sound in the string according to these data?

b. In the space below, draw the standing wave pattern for the first,

the second, and the third harmonics, showing the nodes and the

antinodes on the string.

c. What should be the string’s length in order to produce a fundamental

note of 333 Hz?

2. The first harmonic frequency of a violin string is 440 Hz.

a. Find the next harmonic frequencies (overtones) of this string.

b. The intensities of the second and third harmonics are about half that of

the fundamental one. Sketch a graph of each wave and a graph of their

combination to show the resultant waveform for this violin string.

Section 13-3
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Sound

Mixed Review

Chapter HOLT PHYSICS 13

1. The speed of sound increases with temperature. It is 331 m/s in air at 0C

and 343 m/s in air at 20C. A glass pipe vibrates with a frequency of 151 Hz.

a. What is the wavelength of the sound produced by the column of air

in the pipe on a cold day (0C) and on a warmer day (20C)?

b. How does air temperature affect the wavelength of the sound produced

by the pipe?

2. The driver of an ambulance turns on its siren as the ambulance heads

east at 30 mph. A police car is following the ambulance at 30 mph. A

truck behind the police car is moving at 20 mph. A van is traveling west

in the opposite lane at 20 mph. A small car is stopped at the side of the

road. The vehicles are positioned as shown.

a. On the diagram, sketch and label arrows to indicate the velocity of

each vehicle.

HRW material copyrighted under notice appearing earlier in this book.

b. Rank the sounds perceived by the passengers in each of the vehicles

in order of decreasing frequency.

Truck Police

car

Ambulance

Van

Small

car

Chapter 13 73

3. A 330 Hz tuning fork is vibrating after being struck. It is placed on a table

near but not directly touching other objects, including other tuning forks.

Eventually one glass and one other tuning fork start vibrating. Explain why

this happens.

4. The first harmonic in a pipe closed at one end is 487 Hz.

a. Find the next two harmonic frequencies that will occur in this pipe.

b. What are the corresponding wavelengths of the first three harmonics?

(Hint: assume the speed of sound is 345 m/s.)

c. What is the length of this pipe?

d. Repeat this exercise for a pipe open at both ends.

5. A piano tuner uses a 440 Hz tuning fork to tune a string that is currently vibrating at 445 Hz.

a. How many beats per second does he hear?

b. What other frequency could produce the same sound effect? Explain why.

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 13
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Characteristics of Light

Concept Review

HOLT PHYSICS Section 14-1

1. The orbital radius of the Earth (the average Earth-Sun distance) is

1.496 1011 m.Mercury’s orbital radius is 5.79 1010 m and Pluto’s

is 5.91 1012 m. Calculate the time required for light to travel from

the Sun to each of the three planets. (Hint: Use 3.00 108 m/s for the

speed of light.)

a. Sun-Earth

b. Sun-Mercury

c. Sun-Pluto

2. Typical wavelengths of visible light colors are listed below.

HRW material copyrighted under notice appearing earlier in this book.

violet blue green orange-yellow red

420 nm 450 nm 550 nm 600 nm 700 nm

a. Calculate the frequency of the electromagnetic waves that carry

these colors.

b. How does frequency change when wavelength increases?

c. Does the speed of light in air depend on frequency? on wavelength?
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Flat Mirrors

Diagram Skills

HOLT PHYSICS

1. The point of a 20.0 cm

pencil is placed 25.0 cm

from a flat mirror. Its

eraser is 15.0 cm from the

mirror. Three of the light

rays from the pencil’s

point hit the mirror with

incident angles of 0, 20,

and 50at points A, B, and

C as shown.

a. Use a protractor to draw

the reflected rays from

points A, B, and C.

b. Where do reflected rays or their extensions intersect?

c. What is the distance between the pencil’s head and its image?

d. Would a person’s eye located at point D perceive one of the reflected

rays you drew? Will the person be able to see the image? Explain.

e. What if the eye is located at point E?

f. Draw incident rays from the eraser of the pencil to point A and to

point B.Measure their incident angles and write them on the line below.

g. Draw the reflected rays and locate the image of the eraser. Draw the

pencil’s image.

Section 14-2
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Curved Mirrors

Diagram Skills

HOLT PHYSICS Section 14-3

1. A 1.50 m tall child is in a

mirror gallery at the amusement

park. She is standing in

front of a concave mirror with

a radius of 4.00 m. She starts

walking toward the mirror

from a distance of 9.00 m,

and she stops every meter to

observe her image.

a. Find the focal point of this

mirror and label it F.

b. Mark the child’s locations 9.00 m, 5.00 m, and 1.00 m in front of the

mirror, and label them A, B, C.

c. Sketch ray diagrams to locate the image formed when the child is at A.

Measure the distance from the image to the mirror and record it below.

Distance of A’s image =

d. Repeat question c for the object at positions B and C.

Distance of B’s image =

Distance of C’s image =

2. Calculate the image location for the object at A, B, and C in item 1, using

the mirror equation. Compare your results with your diagrams.

Distance of A’s image =

Distance of B’s image =

Distance of C’s image =
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O

Chapter 14 77

NAME ______________________________________ DATE _______________ CLASS ____________________

Color and Polarization

Concept Review

HOLT PHYSICS

1. It is common knowledge that chlorophyll allows green plants to use light

for photosynthesis.

a. Which colors of the visible spectrum do green plants absorb? Explain.

b. A window has just broken in your greenhouse. Until it can be replaced,

you can seal the hole with clear plastic that is slightly tinted either red

or green.Which would you use? Explain.

2. You have three spotlights: one red, one green, one blue. You also have three

buckets: one with red paint, one with green paint, one with blue paint.

a. What color do you see when you shine all three spotlights on a white

wall in a dark room?

b. What color do you see if you paint the wall blue before shining all

three spotlights on it in a dark room?

c. What color do you see when you paint the wall with a brush dipped

in the red and blue buckets and then shine green light on it?

d. What color do you see when you paint the wall with a brush dipped

in all three buckets and then shine all three spotlights on it?

3. What color do you see when shining green light on a magenta painting?

Section 14-4
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Light and Reflection

Mixed Review

Chapter HOLT PHYSICS 14

1. Proxima Centauri, the nearest star in our galaxy, is 4.30 light-years away.

What is its distance in meters?

2. Radio signals emitted from and received by an airplane have a frequency

of 3.00 1012 Hz and travel at the speed of light.

a. How long is the delay in each message going from the control tower

to a jet flying at 1.00 104 m of altitude?

b. What is the wavelength of these signals?

3. A laser beam is sent to the moon from Earth. The reflected beam is received

on Earth after 2.56 seconds.What is the distance from Earth to the moon?

4. The background radiation in the universe (believed to come from the Big

Bang) includes microwaves with wavelengths of 0.100 cm.What is the

frequency of this radiation?

5. List five objects that reflect light diffusely. List three objects that reflect

light specularly for the most part.

Diffuse reflection

Specular reflection
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6. A mirror door is located next to a large wall mirror.

The door is closed to create a 90angle with the

wall. You stand 2.00 m from the door and 1.00 m

from the wall.

a. On the diagram at right, sketch a top-view diagram

of the situation at scale. Label the object

(yourself) A.

b. Locate your first image in the mirror on the

door. Label it B. Locate B’s image in the mirror

on the wall. Label it C.

c. Locate your first image in the mirror on the wall and its image in the

mirror on the door. Label them D and E.

d. Where will the next images of the images be located?

7. An object located 36.0 cm from a concave mirror produces a real image

located 12.0 cm from the mirror.

a. Find the focal length of this mirror

b. Find the location, type, and size of the image formed by a 6.00 cm tall

object located 30.0 cm, 24.0 cm, 18.0 cm, 12.0 cm, and 6.00 cm in

front of the mirror.

8. The concave mirror in the problem above is replaced by a convex one

with the same curvature. Find the location of the images produced when

the object is located 30.0 cm, 24.0 cm, 18.0 cm, 12.0 cm, and 6.00 cm in

front of the mirror.

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 14
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Refraction

Concept Review

HOLT PHYSICS Section 15-1

1. The speed of light in air is 3.00 10 8 m/s.

a. How does the index of refraction relate to the speed of light in

a medium?

b. The index of refraction of water is 1.33.What is the speed of light

in water?

2. A light ray traveling in air strikes a glass plate with a refractive index of

1.52 at a 20.0angle from the normal. After refraction, going in and out

of the glass, the exiting ray forms an angle q with the normal to the

surface on the other side.
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a. Find a, the angle of refraction from air to glass.

b. The plate sides are parallel. Find b, the angle of incidence from glass

to air, and q, the angle of refraction.

c. Repeat when the angle of incidence from air is 40, 60, and 80.

d. Sketch the results on the diagram above.

20.0

40.0

60.0

80.0



Glass plate





Chapter 15 81

NAME ______________________________________ DATE _______________ CLASS ____________________

Thin Lenses

Diagram Skills

HOLT PHYSICS

1. A converging lens has a focal length of 3.00 cm. The letters A, B, and C are

used as objects placed at distances of 8.00 cm, 5.00 cm, and 2.00 cm, respectively,

from the lens.

a. Sketch ray diagrams to locate the image of A: Draw one ray from the

top of the head parallel to the axis and another ray from the head

through the focal point.Verify that the image is also in the ray that

passes through the center of the lens.

Section 15-2
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F F

A B C

b. Is the image of A real? inverted? magnified?

c. Repeat questions a and b for the object at positions B and C.

2. Calculate the image location for the object at A, B, and C in problem 1.

Compare your results with your diagrams.
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Optical Phenomena

Concept Review

HOLT PHYSICS Section 15-3

Indices of Refraction for Various Substances
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Substance n

Diamond 2.419

Sodium chloride 1.544

Glycerine 1.473

Fluorite 1.434

Substance n

Ethyl alcohol 1.361

Water 1.333

Air 1.000

1. A light ray inside a diamond strikes the boundary with air at 20.0from

the normal.

a. Calculate the angle of refraction of that light ray.

b. What happens when the incident angle is 32.0?

c. What is the critical angle for this light traveling from diamond to air?

d. The diamond is immersed in water. The same light ray strikes the

diamond-water boundary at a 20.0angle. Answer items a, b, and c

for this case.

2. Glass prisms with 90, 45, 45angles are used in periscopes because

light entering the right-angle side undergoes internal reflection on the

45side of the prisms.What happens if the sides of the prisms are made

of thin glass and the prisms are filled with water? Use the critical angle of

water to answer.

Refraction

Mixed Review

HOLT PHYSICS

Chapter 15 83

1. Two parallel rays enter an aquarium as shown.

Ray 1 forms a 70.0angle with the normal to

the surface. Ray 2 forms a 20.0angle with

the normal to the wall. (Hint: the index of

refraction for water is 1.33.)

a. Calculate the angle of refraction of each ray.

b. Trace the path of each light ray inside the water.

c. Are the refracted rays inside the water still parallel? Will they intersect

in the water?

2. A large beaker contains layers of water of increasing salinity, separated by

a thin plastic plate. The lowest layer has the highest salinity and refractive

index, as shown in the diagram. A ray of light strikes the surface of fresh

water at the top, at a 70.0angle from the normal.

NAME ______________________________________ DATE _______________ CLASS ____________________

Chapter 15
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1

2

70.0

20.0

air

fresh water

salt water

high salinity

n = 1.00

n = 1.33

n = 1.45

n = 1.57

70.0

a. Find the angles of refraction and the angles of incidence at each

boundary.

b. There is a flat mirror at the bottom of the container. Trace the path of

one light ray coming from the air to the bottom of the beaker and back.
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3. An object located 36.0 cm from a thin converging lens has a real image

located 12.0 cm from the lens.

a. Find the focal point of this lens.

b. Find the location, type, and size of the image formed by a 6.00 cm tall

object located 30.0 cm, 24.0 cm, 18.0 cm, 12.0 cm, and 6.00 cm in front

of the lens.

4. The converging lens in item 3 is replaced by a diverging lens. Now the

image of the first object is located 12.0 cm in front of the lens. Find the

focal distance of the diverging lens and the location of the images produced

when the object is placed at the distances described in item 3b.

5. A bug placed 1.00 cm under a magnifying glass appears exactly six

times larger.

a. Where is the bug’s image located?

b. What is the focal point of the lens in the magnifying glass?

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 15
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Interference

Concept Review

HOLT PHYSICS

1. Monochromatic light with a wavelength of 560 nm is used in a doubleslit

experiment. The distance between the slits was 2.00 10–5 m.

a. Find the angle of the first, second, and third bright fringes on the screen.

b. The experiment is repeated with the distance between slits at 2.00 

10–6 m. Find the angles of the first three bright fringes.

c. How does the separation between fringes change when the distance

between slits changes? What would you observe if the distance between

slits is 2.00 cm?

2. The distance between two slits in a double-slit experiment is

7.00 10–6 m. The first order bright fringe produced by monochromatic

light appears on the screen at an angle of 3.89° from the central maximum.

a. Determine the wavelength of light used in this experiment.

b. Find the angles of the second, third, and fourth bright fringes.

Section 16-1
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Diffraction

Concept Review

HOLT PHYSICS Section 16-2

1. A diffraction grating has 8.00 103 lines per centimeter.

a. What is the slit spacing in this grating?

b. Is the grating appropriate for observing the diffraction of visible light

(400 to 700 nm)? For better results, would you choose a grating with

wider spacing? with more lines per centimeter? Explain.

2. The spacing in a diffraction grating is 8.00 10–6 m.

a. How many lines per centimeter are there?

b. Find the first, second, and third angles at which one would observe

maxima when light of 620 nm wavelength is diffracted.

3. The second-order maxima are observed at 8.12with the grating above

in a diffraction experiment.What is the wavelength?

4. Monochromatic light of 570 nm is diffracted by a grating of unknown

spacing. The third-order maxima are observed at a 23angle.What is the

spacing in that grating?
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Lasers

Concept Review

HOLT PHYSICS

1. Describe the term coherent light.

2. Draw a diagram that illustrates coherent light and incoherent light.

3. What type of energy is used to cause the stimulated emission of light waves in a laser?

4. List three applications of lasers.

Section 16-3
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Interference and Diffraction

Mixed Review

Chapter HOLT PHYSICS 16

1. The second-order bright fringes of interference are observed at an 8.53

angle in a double-slit experiment with light of 5.00 102 nm wavelength.

a. Determine the slits’ separation.

b. Find the angle of the tenth-order bright fringe.

c. In this experiment, the screen is 2.00 m wide. Its distance from the

source is 1.00 m. Could the tenth-order fringe be observed? Why or

why not?

2. Diffraction of white light with a single slit produces bright lines of

different colors.

a. Which wavelengths are more diffracted by the same slit size?

b. In the space below, sketch a diagram showing the location of red, green

and blue lines of the first and second order.Describe the sequence in

which the colors appear, beginning with the color closest to the center.

c. What is the color of the central image?
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3. You have three diffraction gratings. Grating A has 2.0 105 lines per meter.

Grating B has 9.0 106 lines per meter. Grating C has 3.0 107 lines

per meter.

a. What is the slit distance of each grating?

b. Which gratings can diffract the following:

• visible light of 500 nm wavelength

• X rays of 5.00 nm wavelength

• infrared light of 5000 nm wavelength

4. You drop pebbles into the water on a rocky beach.When the waves you

made reach the rocks, new waves appear to start in the spaces between

the rocks.

a. Are these waves coherent?

b. How is this like a double slit illuminated by a single light source?

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 16
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Electric Charge

Concept Review

HOLT PHYSICS Section 17-1

1. A plastic rod rubbed with wool was used to charge a small metal sphere

in three experiments, as illustrated below. The spheres were held by insulating

stands. The sphere in Experiment B was grounded. Assume the rod

had a positive charge.

HRW material copyrighted under notice appearing earlier in this book.

Experiment A Experiment B Experiment C

a. Were charges transferred in Experiments A, B, or C? If so, between

which objects?

b. Sketch the charge distribution for the spheres in each experiment.

c. The rod was removed after a while. In which experiment(s) did the

sphere end up with excess electric charge?

d. In which experiment(s) did polarization occur?

e. What happened to the excess charge on the rod after it was removed

in experiment A? in B? in C?
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Electric Force

Math Skills

HOLT PHYSICS

Use kC 8.99 109 Nm2/C2.

1. Two point charges, q1 and q2, of 4.00 mC each, are placed –16.0 cm and

16.0 cm away from the origin on the x-axis. A charge q3 of –1.00 mC is

placed 12.0 cm away from the origin on the y-axis.

a. Find the distance from q3 to q1 and from q3 to q2

b. Find the magnitude and the direction of the force F13 exerted by q1 on q3.

c. Find the magnitude and the direction of the force F23 exerted by q2 on q3.

d. Find the magnitude and the direction of the force F12 exerted by q1 on q2.

e. In the space below, sketch the vectors representing forces F13 and F23.

Section 17-2
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f. Find the angle between the q1–q3 line and the x-axis.

g. Find the x and y components of forces F13 and F23.

h. Find the resultant force of forces F13 and F23.

i. If q3 is released, in which direction will it move?

q3

q1 q2
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The Electric Field

Concept Review

HOLT PHYSICS Section 17-3

Use kC 8.99 109 Nm2/C2.

1. Four positive charges, q1, q2, q3, and q4, of 8.00 mC, each are

arranged to form a 30.0 cm wide square as shown.

a. Find the distance of each charge from the center of the

square.

b. Find the strength and direction of the electric field vectors

of q1, q2, q3, and q4 at the center of the square.

c. Find the strength and direction of the electric field at the center of

the square.

2. In a Millikan experiment, a droplet of mass 4.7 10–15 kg floats in an

electric field of 3.20 104 N/C.

a. What is the force of gravity on this droplet?

b. What is the electric force that balances it?

c. What is the excess charge?

d. How many excess electrons are there on this droplet?
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q2 q1

q3 q4

30.0 cm

Electric Forces and Fields

Mixed Review

HOLT PHYSICS

Chapter 17 93

Use kC 8.99 109 Nm2/C2.

1. Two spheres, A and B, are placed 0.60 m apart, as shown. Sphere A has

3.00 mC excess charge. Sphere B has +5.00 mC excess charge.

NAME ______________________________________ DATE _______________ CLASS ____________________

Chapter 17
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A B

a. How many electrons are missing on sphere A? on sphere B?

b. How do the forces of B on A and A on B compare? Does the greater

charge exert a greater force?

2. A third spherical charge, C, of +2.00 mC, is placed on the line connecting

spheres A and B. Find the resultant force exerted by A and B on C when

C is placed in the following locations.

a. 0.20 m to the left of A

b. 0.20 m to the right of A between A and B

c. exactly in the middle between A and B

94 Holt Physics Section Review Worksheets

3. Alpha particles are made of two protons and two neutrons.

mp 1.673 10–27 kg; mn 1.675 10–27 kg; qe 1.60 10–19 C

a. Find the electric force acting on an alpha particle in a horizontal

electric field of 6.00 102 N/C.

b. What is the acceleration of this alpha particle?

c. How does this acceleration compare with gravity? Describe the particle’s

trajectory.Will it be close to horizontal? to vertical free fall?

4. A 2.00 mC point charge of mass 5.00 g is suspended on a string and

placed in a horizontal electric field. The mass is in equilibrium when the

string forms a 17.3angle with the vertical.

a. In the space below, sketch a free-body diagram of the problem. Show the

vertical and horizontal components of the tension force in the string.

b. Find the electric force on the charge in this field.

c. Find the strength of the electric field.

5. How many electrons are there in 1.00 C? How many electrons are there

in 1.00 mC?

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 17
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Electrical Potential Energy

Concept Review

HOLT PHYSICS

Use kC 8.99 109 Nm2/C2.

1. A positive charge, q1, of 5.00 10−9 C is placed at (−20.0 cm, 0) of a

coordinate system. An equal and opposite charge, q2, is at (20.0 cm, 0).

Sketch a diagram for each of the questions below.

a. What is the potential energy of this pair of charges? Was work done

to bring q2 from infinity to its place near q1? How much?

b. A positive charge, q3 , equal to q1 is placed at (60.0 cm, 0).What is

the potential energy of the three charges? Was work done on or by

the charges for bringing q3 from infinity to its place near q1 and q2?

How much?

2. An alpha particle travels 5.00 cm in a uniform electric field of

6.00 102 N/C. (Alpha particles are made of two protons and two

neutrons. mp 1.673 10−27 kg;mn 1.675 10−27 kg; qe 1.60 10−19 C)

a. What is the change in the potential energy of the particle? Does it

increase or decrease?

b. If the particle is initially at rest, what is its final kinetic energy?

c. What is its speed?

Section 18-1
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Potential Difference

Concept Review

HOLT PHYSICS Section 18-2

1. A point charge, q1, of 2.00 mC is placed on the x-axis at (−4.00 cm, 0 cm).

An identical charge, q2, is placed at (4.00 cm, 0 cm). Find the total electric

potential due to these charges at the following locations. Use

kC 8.99 109 Nm2/C2.

a. the center (0, 0)

b. on the y-axis at

• y = −10.0 cm

• y = −2.00 cm

• y = 2.00 cm

• y = 10.0 cm

c. on the x-axis at

• x = −10.0 cm

• x = −2.00 cm

• x = 2.00 cm

• x = 10.0 cm

2. Find the electric potential at the center of a square with four point charges

q1, q2, q3, q4, placed at (5.00 cm, 0 cm), (0 cm, 5.00 cm), (−5.00 cm, 0 cm),

and (0 cm, −5.00 cm), respectively, for the following cases.

a. q1 q2 q3 q4 3.00 mC

b. q1 q3 3.00 mC; q2 q4 −3.00 mC

c. q1 q2 3.00 mC; q3 q4 −3.00 mC
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Capacitance

Concept Review

HOLT PHYSICS

Use kC 8.99 109 Nm2/C2.

1. Consider the following units: picofarad, nanofarad, microcoulomb.

Explain what quantities they measure, and write their equivalents using

powers of 10.

2. A 1.00 pF and a 1.00 nF capacitor each has a charge of 1.00 mC.Which

has a higher potential difference between its plates? Show your calculations,

and explain your reasoning.

3. A parallel-plate capacitor holds 2.00 102 mC of charge when a potential

difference of 5.00 102 V is applied between its plates.

a. What is the capacitor’s capacity in units of farads and in units of

nanofarads?

b. The potential difference is doubled to 1.000 103 V. How does the

capacitance change? How does the charge change?

c. How much electrical energy was stored in the capacitor at 5.00 102 V?

at 1.000 103 V?

Section 18-3
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Electrical Energy and Capacitance

Mixed Review

Chapter HOLT PHYSICS 18

1. A positive charge, q1, of 5.00 10−9 C is placed at (0, 0) in a coordinate

system.

a. Find the potential electrical energy of the two charges when a negative

charge, q2, of 5.00 10−9 C is at the following positions in the

coordinate system:

• (50.0 cm, 0 cm)

• (40.0 cm, 30.0 cm)

• (30.0 cm, 40.0 cm)

• (50.0 cm, 0 cm)

• (−30.0 cm, 40.0 cm)

• (−40.0 cm, 30.0 cm)

• (−50.0 cm, 0 cm)

b. Does the electrical potential energy of the two charges increase or decrease

when q2 moves around a circle? Explain.

c. In the space below, sketch the path of the point charge, q2, in this

exercise, and draw the electric force vector acting on it at each of the

points indicated in item 1a.
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2. Electrons are accelerated in the picture tube of a television through a potential

difference of 8.00 103 V. (Use the values qe 1.60 10−19 kg and

me 9.109 10−31 kg.)

a. What is the change in the potential energy of each electron traveling

in this tube?

b. What is the change in the kinetic energy of the electrons?

c. At what speed do the electrons hit the screen?

3. The distance between two vertical plates in a vacuum tube is 6.00 cm.

A potential difference of 300 V is applied between the plates. Point A is

located 1.00 cm from the positive plate, point B is at 3.00 cm from it,

and point C is at 5.00 cm from it.

a. What is the strength of the electric field at points A, B, and C? Is the

electric field constant between parallel plates?

b. What is the potential difference between the positive plate and points

A, B, and C? (Use V Ed)

c. A positive ion with a charge of 1.60 10−19 C leaves the positive

plate and travels to the negative one.What is its potential energy at

the positive plate? at A? at B? at C? at the negative plate?

4. A 2.00 102 nF capacitor has a 4.0 101 mC charge.

a. What is the potential difference between its plates?

b. What is the potential energy stored in the capacitor?

NAME ______________________________________ DATE _______________ CLASS ____________________

HOLT PHYSICS

Mixed Review continued

Chapter 18
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Electric Current

Concept Review

HOLT PHYSICS Section 19-1

1. The sphere of a Van de Graaff generator had 6.00 C of charge.When

connected to the ground, it was discharged in 24.0 ms.What was the

average discharge current?

2. The current through a light bulb in a flashlight is 0.750 A.

a. How much charge passed through the filament

• in 20.0 s?

• in 5.00 min?

• in 2.00 h?

b. How many electrons enter the filament every second?

c. How many exited the filament every second?

d. Where do the electrons entering the filament come from? Where do

they go after exiting?

3. A battery supplies a 0.015 A current to a small radio. How long should

the radio stay on so that 4.80 C passes through each of the following

parts of the circuit:

a. through the battery

b. through the radio

c. through the connecting wires
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Resistance

Concept Review

HOLT PHYSICS

1. The label on a small heater specifies its electric performance as 115 V, 4.50 A.

a. What is the resistance of the heating filament in this heater?

b. How much current will it draw when connected to the following:

• 120 V

• 220 V

• 60.0 V

• 10.0 V

2. Three resistors are available for testing a 9.00 V battery. Resistor A has

5.00 kof resistance, resistor B has 5.00 of resistance, and resistor C

has 0.0500 of resistance.

a. How much current will each resistor draw?

b. Which resistor is more useful for testing if the battery is dead? Explain.

3. An electrical device of 37.2 resistance performs best when the current

is 3.62 A. How much voltage should be applied?

4. An electronic device performs best with a 1.20 V battery, when the current

is between 3.50 mA and 4.20 mA.What is the range of possible resistances

for this electronic device?

Section 19-2
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Electric Power

Concept Review

HOLT PHYSICS Section 19-3

1. A food processor draws 8.47 A of current when connected to a potential

difference of 110 V.

a. What is the power consumed by this appliance?

b. How much electrical energy is consumed by this food processor

monthly (30 days) if it is used on average of 10.0 min every day?

c. Assume that the price of electrical energy is 7.00 ¢/kWh.What is the

monthly cost of using this food processor?

2. The electric meter in a house indicates that the refrigerator consumes

70.0 kWh in a week.

a. What is the power consumption of the refrigerator?

b. Assuming it is connected to a potential difference of 120 V , how

much current does the refrigerator draw?

3. The heating element of an electric broiler dissipates 2.8 kW of power

when connected to a potential difference of 120 V.

a. What is the resistance of the element?

b. How much current does the broiler draw? Use two ways to find out,

and verify your answer.
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Current and Resistance

Mixed Review

HOLT PHYSICS

Chapter 19 103

1. A 60.0 cm metal wire draws 0.185 A from a 36.0 V battery.Will the

current increase or decrease when the following changes are performed?

Explain whether the change is due to a change in resistance, a change in

potential difference, or other reasons.

a. The wire is cut into four pieces, and only one segment is used.

b. The wire is bent to form an M shape.

c. The wire is heated to 500C.

d. The 36.0 V battery is replaced by a 24.0 V battery.

2. A 25 resistance heater is connected to a potential difference of 120 V

for 5.00 h.

a. How much current does the heater draw?

b. How much electric charge travels through the heating element during

this time?

c. What is the power consumption of the heater?

d. Use the power and time to calculate how much energy was consumed.

NAME ______________________________________ DATE _______________ CLASS ____________________

Chapter 19
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3. The label on a three-way light bulb package specifies 100 W, 150 W,

250 W, 120 V.

a. How much current does the light bulb draw in each of the three ways?

(Assume three significant figures in each of these measurements.)

b. What is the bulb’s resistance in each way?

c. Compare the cost of using the light bulb for 100.0 h in each way.

(Assume that the price is 7.00 ¢/kWh.)

4. An electric hot plate draws 6.00 A of current when its resistance is 24.0 .

a. What is the voltage across the hot plate’s heating element?

b. How much power does it consume?

c. For what length of time should it be kept on in order to supply

9 104 J to a coffeepot? (Assume that all electrical energy is transferred

to the coffeepot by heat.)
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HOLT PHYSICS

Mixed Review continued

Chapter 19
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Schematic Diagrams and Circuits

Diagram Skills

HOLT PHYSICS

1. Use the symbols listed in Table 20-1 of the textbook to draw a schematic

diagram of an electric circuit that contains one battery, two light bulbs,

two resistors, and two switches.

a. Label the switches S1 and S2. Does either cause a short circuit when

closed? Explain.

b. Add a switch to your diagram, and connect it so that it causes a short

circuit when closed. Label it S3.

2. A battery, two bulbs, and one switch are placed as shown below. Draw

lines representing the wires for connecting these circuit elements so that

the following statements will be true.

a. Both bulbs A and B are on when the switch is closed.

b. Only bulb B is on when the switch is closed.

c. Bulb A is always on regardless of the switch, and bulb B is on only

when the switch is closed.

Section 20-1
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A

B

A

B

A

B
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Resistors in Series or in Parallel

Concept Review

HOLT PHYSICS Section 20-2

For each item, sketch a schematic diagram of the circuits and label the components properly.

1. A 12.0 V battery is connected to two resistors in series: R1 12.00 ,

R2 4.00 .

a. Find Req, the equivalent resistance in this circuit.

b. Find the current in the battery and the current in each resistor.

c. What is the potential difference, Veq, across the equivalent

resistance? What is V across each of the resistors?

2. A 12 V battery is connected to two resistors in parallel: R1 12.00 ,

R2 4.00 .

a. Find Req, the equivalent resistance in this circuit.

b. Find the potential difference, Veq, across the equivalent resistance.

c. What is the current in the equivalent resistance? What is the current in the battery? What is the current

in each resistor?

d. What is the potential difference across each of the resistors?
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Complex Resistor Combinations

Concept Review

HOLT PHYSICS

1. The resistors in the circuit below are identical and equal 12.0 . The

battery has a potential difference of 24.0 V. Ignore the internal resistance

of the battery. (Sketch schematic diagrams of the intermediate circuits

as you reduce the complex circuit to a simpler one.)

Section 20-3
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Ra 24.0 V

Rc

Rb Rd Re Rf

a. Determine the equivalent resistance for this circuit.

b. Find the current in and the voltage across each resistor.

2. Resistor Rf is removed from its present position and

connected in series between Ra and the battery.

a. Sketch a diagram of the new circuit.

b. Find the equivalent resistance of the new circuit and the current in

each resistor.
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Circuits and Circuit Elements

Mixed Review

Chapter HOLT PHYSICS 20

1. Consider the circuit shown below.
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A

1

2

3 4

5

B C

D

a. Do any of the bulbs have a complete circuit when all the switches are

open? Which one(s)?

b. Do any of the switches cause a short circuit when closed? Which one(s)?

c. Which switches should be kept open, and which should be closed for

the following to occur?

• only bulbs A and B are off

• only bulbs A and C are off

• only bulbs B and C are off

2. A light bulb of unknown resistance is connected in series with a 9.0 

resistor to a 12.0 V battery. The current in the bulb is 0.80 A.

a. In the space below, sketch a schematic diagram of the circuit.

b. Find the equivalent resistance of the circuit.

c. Find the resistance of the light bulb.
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3. A light bulb of unknown resistance is connected in parallel to a 48.0 

resistor and to a 12.0 V battery. The current through the battery is 2.50 A.

a. In the space below, sketch a schematic diagram of the circuit.

b. Find the potential difference across the resistor and across the bulb.

c. Find the current in the resistor and in the bulb.

d. Find the resistance of the light bulb.

4. In the circuit below, find the equivalent resistance for the following

situations.
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HOLT PHYSICS

Mixed Review continued

Chapter20

a. Ra Rb Rc Rd Re Rf 10.0 

b. Ra 10.0 ; Rb = 20.0 ; Rc 30.0 ; Rd 40.0 ; Re 50.0 ; Rf 60.0 

Ra

Rb Rd

Rc

Re

Rf
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Magnets and Magnetic Fields

Concept Review

HOLT PHYSICS Section 21-1

1. You have three marbles, A, B, and C, that look identical. Each of them

contains either a magnet or a piece of iron. You have observed that A

sticks to B, but B does not stick to C.

a. Could all three contain iron?

b. Could all three contain magnets?

c. Which of them contain magnets? Which contain iron?

2. Many compass needles are placed around a bar magnet at the locations

marked on the diagram. Sketch arrows at each point showing to which

direction each compass will be pointing.
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3. In the space below, sketch a horseshoe magnet, and draw lines indicating

the direction of the magnetic field around it.
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Electromagnetism and Magnetic Domains

Diagram Skills

HOLT PHYSICS

1. Use the convention symbols (, , and →) to indicate the direction of

the magnetic field created by electric currents shown in the following

diagrams at points A, B, C, D, E, and F.

Section 21-2
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(a) (b)

A B

C D

E F

I

A

B

C

D

E

I F

2. How does the strength of the magnetic field at A compare with that at B,

C, D, E, and F in the two situations presented in item 1?

3. The direction of the current is reversed. Sketch the corresponding diagrams,

and answer items 1 and 2 again.
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Magnetic Force

Concept Review

HOLT PHYSICS Section 21-3

The charge of an electron is 1.60 10−19 C.

1. A proton is moving along the positive x-axis with a speed of 1.50 105 m/s

in a magnetic field of 2.00 T that is oriented along the positive y-axis.

a. In the space below, sketch a diagram representing B and v.

b. Find the direction and magnitude of the electromagnetic force on the

proton.

c. What is the force when the proton moves along the y-axis?

2. Repeat item 1 for an electron.

3. Repeat item 1 for an alpha particle made of two protons and two electrons.

4. If the magnetic field is uniform along the y-axis, do the particles in items

1, 2, and 3 keep moving in a straight line? Describe their path.
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Magnetism

Mixed Review

HOLT PHYSICS
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1. A wire frame carries an electric current in the direction shown.

Consider the magnetic field contributed by each segment of the

frame at points A, B, C, D, and E.

a. Use the convention symbols (, , and →) to represent the

direction of magnetic fields created at point A by the vertical

segments of the frame. Do they have the same direction? the

same strength?

b. Repeat for the horizontal segments.

c. Answer items a and b for points B, C, D, and E, and fill in the table

below.

NAME ______________________________________ DATE _______________ CLASS ____________________
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A B C D E

d. Do the contributions of each segment to the magnetic field cancel

out at the center? Explain.

e. Is the magnetic field resulting from the combined effects of the four

sides of the frame stronger inside or outside the frame?

leftmost rightmost upper lower

B

C

D

E
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2. A 2.0 m long conducting wire has a current of 5.0 in a uniform magnetic

field of 0.43 T. The field is parallel to the x-axis.
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HOLT PHYSICS

Mixed Review continued

Chapter 21

I B

(a)

I

B

(b)

a. What is the force on the wire when it is vertical, parallel to the y-axis

as shown a?

b. What is the force on the wire when it is horizontal, parallel to the x-axis

as shown in b?

3. The wire in item 2 is bent to form a 0.50 m 0.50 m square carrying the

same 5.0 A current, with the positive charges moving clockwise in the

frame. The frame is in the same magnetic field (B 0.43 T).

a. Sketch a diagram of the situation. Use arrows to indicate the direction

of the current in each segment of the frame.

b. Find the forces acting on each side of the frame. Specify their magnitude

and direction.

c. Do the forces on the frame cancel each other? Will the frame be able

to move? Will it be able to rotate? Explain.

Holt Physics Section Review Worksheets
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Induced Current

Concept Review

HOLT PHYSICS Section 22-1

Consider a loop of wire and a uniform magnetic

field as shown below. The loop is shown at five

different times as it travels to the right through

the magnetic field. The loop is perpendicular to

the field.

1. Using the right-hand rule for each side (a, b, c,

d) of the loop, determine the direction of induced

emf for each of the five times above.

side a: t1_____ t2 _____ t3 ______ t4 ______ t5 ______

side b: t1_____ t2 _____ t3 ______ t4 ______ t5 ______

side c: t1_____ t2 _____ t3 ______ t4 ______ t5 ______

side d: t1_____ t2 _____ t3 ______ t4 ______ t5 ______

2. Using your answers to item 1, determine the direction (clockwise/counterclockwise)

of the current flow for each of the five times.

t1 _______________ t2 _______________ t3 _______________

t4 _______________ t5 ______________

3. The loop is a square with sides that are 16.0 cm long, and it is traveling to

the right at 8.0 cm/s. The field strength is 1.6 T.

a. What is the area of the loop?

b. How long does it take the loop to completely enter the magnetic field?

c. What is the magnitude of the induced emf ?

d. Find the current in the loop of wire that has a resistance of 0.35 .

b a

t1 t2 t3 t4 t5

d

c
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Alternating Current, Generators, and Motors

Concept Review

HOLT PHYSICS Section 22-2

Refer to the figure below to answer questions 1–3. Points A and B represent

connections to an external circuit.
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A

B

1. In which direction will the loop current flow? (Circle one.) A to B Bto A

2. Suppose you want to increase the current. There are several variables

to consider. In each case below, choose the appropriate change for each

variable. (Circle one.)

a. Number of loops: Increase Decrease

b. Magnetic field strength: Increase Decrease

c. Rotational speed: Increase Decrease

3. The loop shown above is rotating one complete revolution every second.

The square loop has sides of 2.5 cm, and the magnetic field strength is

0.75 T. The loop is connected to an 8.0 external circuit.

a. When (in terms of loop orientation) is induced emf at a maximum?

b. When (in terms of loop orientation) is induced emf at a minimum?

c. How much time passes (in seconds) between maximum emf and

zero emf?

d. Using your answers from parts a, b, and c, find the average emf induced

in the coil.
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Inductance

Concept Review

HOLT PHYSICS

Use the figure below to answer the following questions.

Section 22-3
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12 V

A

B 

−

1. Draw the magnetic field created by a clockwise current in the primary

loop. Include the area outside of the loop and the part of the field that

intersects the secondary loop.

2. Label terminals A and B of the secondary loop with or −to indicate the

induced emf in the loop when the primary switch is shut. (Hint: consider

that the positive terminal will repel the moving positive charge.)

3. If the secondary coil has twice as many turns as the primary coil, calculate

the maximum potential difference across the secondary coil—right

after the primary coil is “turned on.”

4. Explain why the induced emf in the secondary coil is zero when the

primary switch has been shut for a long time.

5. When the switch is opened after having been shut for a long time, the

primary coil emf goes to zero, but the secondary coil generates a momentary

emf. Explain this in terms of changing magnetic fields.
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Induction and Alternating Current

Mixed Review

Chapter HOLT PHYSICS 22

1. Which of the following actions will induce an emf in a conductor?

a. Move a magnet near the conductor.

b. Move the conductor near a magnet.

c. Rotate the conductor in a magnetic field.

d. Change the magnetic field strength.

e. all of the above

2. A circular loop (10 turns) with a radius of 29 cm is in a magnetic field

that oscillates uniformly between 0.95 T and 0.45 T with a period

of 1.00 s.

a. How much time is required for the field to change from 0.95 T

to 0.45 T?

b. What is the cross-sectional area of one turn of the loop?

c. Assuming that the loop is perpendicular to the magnetic field, what is

the induced emf in the loop?

3. Electric generators convert mechanical energy into electrical energy.

a. What are the requirements for generating emf?

b. The mechanical energy input is usually rotational motion.What are

two possible sources of rotational motion?
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4. A 250-turn generator with circular loops of radius 15 cm rotates at

60.0 rpm in a magnetic field with a strength of 1.00 T.

a. What is the angular speed of the loops?

b. What is the area of one loop?

c. What is the maximum emf?

d. What is the rms emf?

5. An electric motor is sometimes called a generator in reverse. Explain

your understanding of this statement.

6. Consider a two-coil transformer joined by a common iron core.

a. If the current in the primary side is increased, what happens to the

magnetic field in the core?

b. What effect does the answer to item 6a have on the secondary coil?

c. Fully explain the effect of reducing the current to the primary side of

a transformer.
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Mixed Review continued

Chapter 22
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Quantization of Energy

Concept Review

HOLT PHYSICS Section 23-1

1. According to the classical theory of physics, the energy radiated by a

blackbody approaches infinity as the wavelength of the emitted light

approaches zero.

a. Why was this considered a problem for classical physics?

b. Max Planck solved this problem in 1900.What was the key to the

solution?

c. How does Planck’s assumption solve the “ultraviolet catastrophe”?

2. A ringing bell oscillates at 440 Hz.

a. How much energy (in joules) is carried away in a one-quantum

change of this system?

b. Convert your answer to units of electron-volts.

3. The equation for the maximum kinetic energy of an ejected photoelectron

is KEmax hf −hft .

a. Rearrange this equation to solve for the work function.

b. If photoelectrons with 2.55 eV of maximum kinetic energy are observed

when a 1.17 1015 Hz light is used, find the work function of the metal.
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Models of the Atom

Concept Review

HOLT PHYSICS

1. Write a brief description of Rutherford’s model of the atom.

2. Why was Rutherford surprised that some of the alpha particles were

scattered backwards?

3. Even though some atoms were scattered backwards, why did Rutherford

conclude that the atom was mostly empty space?

4. A major problem with Rutherford’s model is that atoms would quickly

collapse rather than continue to exist (as we know from observation of

the everyday world). Explain in terms of energy why the Rutherford

atom would collapse.

Section 23-2
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Quantum Mechanics

Concept Review

HOLT PHYSICS Section 23-3

1. Light acts as both a wave and a particle.

a. Give an example in which light acts like a wave.

b. Give an example in which light acts like a particle.

2. Heisenberg’s uncertainty principle states that it is impossible to simultaneously

measure both the position and the momentum of an object with

complete certainty. Explain why this uncertainty is a big concern when

conducting measurements on a small object, such as an electron, but is

not a consideration when measuring the position and momentum of a

large object, such as an athlete. (Hint: Consider the amount of uncertainty

relative to the size of the measured value.)

3. Calculate the de Broglie wavelength for the following objects:

a. a 1550 kg car moving at 29.1 m/s

b. a 90 800 kg ship moving at 13.5 m/s

c. a 75 kg person moving at 10.5 m/s

d. an 8.2 kg baby crawling at 2.2 m/s

4. In terms of the uncertainty principle, how was the quantum mechanical

model of the atom an improvement over Bohr’s model?
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Atomic Physics

Mixed Review

HOLT PHYSICS
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1. The photoelectric effect does not occur below the threshold frequency,

which corresponds to the work function of the metal. Using the concept

of quantization of light, explain why this is true.

2. Why is the maximum kinetic energy of a photoelectron always less than

the energy of the photon that ejected the electron?

3. a. Some of the alpha particles in Rutherford’s experiment were scattered

backwards.What conclusion was drawn from this observation?

b. Most of the alpha particles continued through the foil almost completely

undisturbed.What is implied by this observation?

4. De Broglie proposed that all matter has wavelike properties, and

electrons have been observed to diffract and exhibit other wavelike

properties when passed through a slit.

a. Calculate the de Broglie wavelength of an electron moving at

5.0 104 m/s.

b. Calculate the de Broglie wavelength of a 25 g ball moving at

5.0 101 m/s.

c. Explain why you do not observe wavelike properties for objects such

as the ball in part b.
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5. a. State the uncertainty principle.

b. Explain why the uncertainty principle supports the theory of an electron

cloud rather than a distinct orbit for electrons.

6. The accuracy of measuring an electron’s position and momentum around

a nucleus is limited by the change caused by the measuring instrument—

the reflection of light photons. The measurement of a planet’s position

and momentum around the sun is not limited. Explain the difference in

terms of the effect of the light used to create an image of the electron and

the planet.

7. What is the threshold frequency of a metal whose work function is 4.82 eV?

8. Describe the effect of shining a light that has a frequency below the

threshold frequency for a given surface.

9. If the energy deposited by light does not eject electrons, where does it go?

(Hint: Consider other parts of an atom.)

10. How would the energy accumulation in item 9 be observed?
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HOLT PHYSICS

Mixed Review continued

Chapter 23
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Conduction in the Solid State

Concept Review

HOLT PHYSICS

1. Beside each of the properties in the left column, identify the type of

material associated with the property. Circle all that apply.

a. low resistance to electron flow insulator conductor semiconductor

b. high resistance to electron flow insulator conductor semiconductor

c. conduction and valence bands overlap insulator conductor semiconductor

d. large energy gap between bands insulator conductor semiconductor

e. small energy gap between bands insulator conductor semiconductor

2. In terms of the size of the energy gap between the valence and conduction

bands, explain why it is easier to cause a semiconductor to conduct electricity

than to cause an insulator to conduct electricity.

3. For a material to conduct electricity, there must be electrons in the conduction

band.Conducting materials have electrons in the conduction band,

while semiconductors and insulators normally do not.However, semiconductors

and insulators can have electrons in the conduction band if the electrons

undergo transitions to higher levels. Discuss different ways of exciting

electrons into the conduction band for insulators and semiconductors.

4. An isolated atom does not have energy bands; it has energy levels.Why

do we consider energy bands when discussing properties of materials?

Section 24-1
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Semiconductor Applications

Concept Review

HOLT PHYSICS Section 24-2

1. When an electron moves into the conduction band in a semiconductor, it

leaves behind a hole in the valence band.

a. Is it easier for a neighboring electron to move to the hole in the valence

band or to the conduction band?

b. Explain the importance of this hole in terms of the conduction of

electricity in the semiconductor.

2. Silicon is a commonly used semiconductor. It has four valence electrons.

a. In order to make a p-type semiconductor, how many valence electrons

should the doping material have?

b. Does this doping material cause the semiconductor to become positively

charged? Why or why not?

c. How many valence electrons should an n-type doping material have?

d. Does this cause the semiconductor to become negatively charged?
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Superconductors

Concept Review

HOLT PHYSICS

1. A primary cause of resistance in materials is the thermal vibration of

the atoms in the lattice structure. However, even at absolute zero, many

materials still have some resistance to electric current.What is the cause

of this residual resistance?

2. In the BCS theory of superconductivity, electrons travel in pairs through

a lattice.

a. What happens to the positively charged lattice atoms as one electron

passes near those positive charges?

b. What effect does the change in the lattice have on the second electron

in the pair?

c. The first electron loses some momentum while interacting with the

lattice.Where does this momentum end up?

d. Imagine that we could positively identify a Cooper pair. If we were to

watch them travel through the lattice, would we see the pair travel

together through the entire lattice? Explain your answer.

Section 24-3
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Modern Electronics

Mixed Review

Chapter HOLT PHYSICS 24

1. In the space below, draw diagrams of the valence and conduction bands

for an insulator, a semiconductor, and a conductor. Include the relative

size of the energy gap.

2. Why do conductors and semiconductors allow current to flow more easily

than insulators do?

3. Individual atoms have energy levels, not bands.What causes energy

bands to form in a solid?

4. What are two methods for exciting electrons into the conduction band in

semiconductors?

5. Two electrons ordinarily repel each other. How is it possible to have

electrons bound together in a Cooper pair?

6. How is the construction of a transistor different from the construction of

a diode?
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7. a. When doping a semiconductor, what property is important?

b. How does doping a semiconductor with an impurity increase the

semiconductor’s conductivity?

8. Explain the difference between p-type and n-type semiconductors in

terms of charge carriers and doping.

9. Why does a diode allow current in one direction and resist current in the

other direction?

10. How are superconductors different from conductors and semiconductors?

11. A superconducting ring can be used as a storage device, while a conducting

ring cannot. Explain the difference.Where does the energy go in a

nonsuperconducting ring?

