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Preface

Lord Kelvin said: “I often say that when you can measure what you are speaking about, and
express it in numbers, you know something about it.” Experienced teachers are aware of the wisdom
in his remark, and they insist that physical understanding and problem-solving ability are firmly linked
together. This book offers the student of general physics the opportunity to see clearly the principles
of physics through their application to a large number of carefully selected problems.

Each chapter begins with a clear statement of the pertinent definitions, principles, and laws. This
is followed by graduated sets of solved and supplementary problems. These are arranged so as to
present a natural development of each topic, and they include a wide range of applications in both
pure and applied physics. The solved problems illustrate and amplify the theory, provide the
repetition of basic principles so vital to effective teaching, and bring into sharp focus those fine points
which are often so worrisome to the student. The supplementary problems serve as a complete review
of the material of each chapter. This book is no mere condensation of ordinary text material; it is a
comprehensive approach to physics through problems.

Previous editions of this book have been favorably received and adopted by a multitude of
colleges and technical schools. In this substantially revised seventh edition, major changes have been
made to keep pace with the most recent concepts, methods, and terminology. Although the English
gravitational and cgs systems are still included, so as to provide familiarity with them, the text now
uses the SI as its fundamental units system. Many new problems have been included and many
others have been revised in the interests of clarity and pedagogical value. The theory section of each
chapter has been reexamined and revised where necessary to conform better with the needs of
present-day students.

I am indebted to Daniel Schaum, the author of the original text, for the foundation upon which
this revision is based. Professor J. Kepes was kind enough to recheck all problem solutions and I
appreciate his help. A special thanks is due David Beckwith, of the Schaum’s Outline Series, whose
guidance and editorial expertise have been of considerable aid to me.

FREDERICK J. BUECHE



Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Contents

INTRODUCTION TO VECTORS

Scalar quantities. Vector quantities. The resultant. Graphical addition of vectors
(polygon method). Parallelogram method. Subtraction of vectors. Trigonometric
functions. Vector components. Component method for adding vectors.

EQUILIBRIUM UNDER THE ACTION OF CONCURRENT FORCES

Concurrent forces. Equilibrium. First condition for equilibrium. Problem solution
method (concurrent forces). Weight of an object. Tension in a string. Friction force.
Normal force. Coefficient of kinetic friction. Coefficient of static friction.

EQUILIBRIUM OF A RIGID BODY UNDER COPLANAR FORCES

Torque (or moment). Conditions for equilibrium. Center of gravity. Arbitrary loca-
tion of the axis.

UNIFORMLY ACCELERATED MOTION

Speed. Velocity. Acceleration. Uniformly accelerated motion along a straight line.
Instantaneous velocity. Graphical interpretations. Acceleration due to gravity.
Direction of motion. Projectile problems.

NEWTON’S LAWS

Force. Mass. The standard kilogram. The newton. Newton’s first law. Newton’s
second law. Newton’s third law. Law of universal gravitation. Weight. Relation
between mass and weight. Consistence of units. Dimensional formulas. Mathemati-
cal operations with units.

WORK, ENERGY, POWER

Work. Units of work. Energy. Center of mass. Kinetic energy. Gravitational
potential energy. Conservation of energy. Work-energy conversion. Power. The
kilowatt hour.

SIMPLE MACHINES
Machines. Principle of work. Mechanical advantage. Efficiency.

IMPULSE AND MOMENTUM

Linear momentum. Impulse. Impulse equals change in momentum. Conservation of
linear momentum. Collisions and explosions. Perfectly elastic collision. Coefficient
of restitution.

ANGULAR MOTION

Angular displacement. Angular velocity. Angular acceleration. Equations for uni-
formly accelerated angular motion. Relations between angular and tangential quanti-
ties. Centripetal acceleration. Centripetal force.

16

25

34

46

55

60

68



Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Chapter 18

Chapter 19

CONTENTS

RIGID BODY ROTATION

Moment of inertia. Torque and angular acceleration. Kinetic energy of rotation.
Combined rotation and translation. Work. Power. Angular momentum. Angular
impulse. Parallel-axis theorem. Analogous linear and angular quantities. Moments
of inertia of symmetrical bodies.

SIMPLE HARMONIC MOTION AND SPRINGS

Period. Frequency. Graph of a vibratory motion. Displacement. Restoring force.
Hooke’s law. Simple harmonic motion. Hookean springs. Potential energy. Energy
interchange. Speed in SHM. Acceleration in SHM. Reference circle. Period in
SHM. Simple pendulum. Angular SHM. Torsion constant. Torsion pendulum.

DENSITY; ELASTICITY

Mass density. Weight density. Specific gravity. Elasticity. Stress. Strain.
Hooke’s law. Elastic limit. Young’s modulus. Bulk modulus. Shear modulus.

FLUIDS AT REST

Average pressure. Standard atmospheric pressure. Hydrostatic pressure. Pascal’s
principle. Archimedes’ principle.

FLUIDS IN MOTION

Fluid flow or discharge. Equation of continuity. Viscosity. Poiseuille’s law. Work.
Bernoulii's equation. Torricelli’s equation.

THERMAL EXPANSION

Temperature. Linear expansion of solids. Volume expansion.

IDEAL GASES

The ideal gas law. A mole of substance. Universal gas constant. Standard condi-
tions (S.T.P.). Boyle’s law. Charles’ law. Gay-Lussac's law. Dalton’s law of partial
pressures. Gas law problems.

KINETIC THEORY

Average translational kinetic energy. Root mean square speed. Avogadro’s number.
Mass of a molecule. Pressure of an ideal gas. Absolute temperature. Mean free
path.

CALORIMETRY, FUSION, VAPORIZATION

Heat. Specific heat. Heat capacity. Heat gained (or lost). Heat of fusion. Heat of
vaporization. Heat of sublimation. Calorimetry problems. Absolute humidity. Rel-
ative humidity. Dew point.

TRANSFER OF HEAT ENERGY
Conduction. Convection. Radiation.

76

96

103

112

118

123

13C

134

140



Chapter 20

nter 21

Chapter 22

Chapter 23

Chapter 24

Chapter 25

Chapter 26

Chapter 27

Chapter 28

Chapter 29

Chapter 30

CONTENTS

FIRST LAW OF THERMODYNAMICS

Heat_ energy. Internal energy. Work done by a system. First law of thermody-
namics. Isobaric processes. Isovolumic processes. Isothermal processes. Adiabatic
processes. Specific heats of gases. Specific heat ratio. Efficiency of a heat engine.

ENTROPY AND THE SECOND LAW

Second law of thermodynamics. Entropy. Entropy as a measure of disorder. Most
probable state of a system.

WAVE MOTION

Waves carry energy. Terminology for waves. In-phase vibrations. Speed of a
transverse wave. Speed of a longitudinal wave. Standing (or stationary) waves. Con-
dition for resonance. Resonance of strings. Resonance of air in pipes.

SOUND

Sound waves. Speed of sound in air. Intensity. Loudness. Intensity (or loudness)
level. Beats. Doppler effect. Interference effects.

COULOMB’S LAW AND ELECTRIC FIELDS

Coulomb’s law. The test charge concept. Electric fields. Electric intensity. Electric
intensity due to a point charge. Superposition principle.

POTENTIAL; CAPACITANCE

Potential difference. Absolute potential. Electrical potential energy. V related to E.
The electron volt. Capacitance. Parallel plate capacitor. Capacitors in parallel and
series. Energy stored in a capacitor.

CURRENT, RESISTANCE, AND OHM’S LAW

Current. Batteries. Resistance. Ohm’s law. Measurement of resistance. Terminal
voltage. Resistivity. Variation of resistance with temperature. Potential changes.

ELECTRICAL POWER

Electrical work. Electrical power. Power loss in a resistor. Heat generated. Con-
venient conversions.

EQUIVALENT RESISTANCE; SIMPLE CIRCUITS

Resistors in series. Resistors in parallel.

KIRCHHOFF’S LAWS
Kirchhoff’s point (or junction) rule. Kirchhoff’s loop (or circuit) rule.

ELECTROLYSIS
Faraday’s laws. Electrochemical equivalent.

143

152

155

164

171

179

189

195

199

210

215



Chapter 31

Chapter 32

Chapter 33

Chapter 34

Chapter 35

Chapter 36

Chapter 37

Chapter 38

Chapter 39

Chapter 40

Chapter 41

CONTENTS

MAGNETIC FIELDS

Direction of magnetic force. Magnitude of magnetic force. Magnetic field at a point.
Force on a current in a magnetic field. Torque on a flat coil. Sources of magnetic
fields. Magpnetic field of a current element.

INDUCED EMF; MAGNETIC FLUX

Magnetic effects of matter. Magnetic flux lines. Magnetic flux. Induced emf.
Faraday’s law for induced emf. Lenz’s law. Motional emf. '

ELECTRICAL GENERATORS AND MOTORS

Electric generators. Electric motors.

INDUCTANCE; R-C AND R-L TIME CONSTANTS

Self-inductance. Mutual inductance. Energy stored in an inductor. R-C time con-
stant. R-L time constant.

ALTERNATING CURRENTS

Emf generated by a rotating coil. Meter readings. Heat generated or power lost.
Forms of Ohm’s law. Phase. Impedance. Vector representations. Resonance.
Power. Transformers.

ILLUMINATION AND PHOTOMETRY

Luminous intensity. Luminous flux. Total flux. Illuminance. Illumination by an
isotropic point source. Principle of photometry.

REFLECTION OF LIGHT

Laws of reflection. Plane mirrors. Spherical mirrors. Mirror equation. Size of im-
age.

REFRACTION OF LIGHT

Speed of light. "Index of refraction. Snell’s law. Critical angle for total internal
reflection. Refraction by a prism.

THIN LENSES

Types of lenses. Object and image relations. Lensmaker’s equation. Lens power.
Lenses in contact.

OPTICAL INSTRUMENTS
Combination of thin lenses.

DISPERSION OF LIGHT
Dispersion. Chromatic aberration.

218

226

241

247

255

B
260 °

265

269

274

279



Chapter 42

Chapter 43

Chapter 44

Chapter 45

Chapter 46

Chapter 47

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H

Appendix I

INDEX

CONTENTS

INTERFERENCE AND DIFFRACTION OF LIGHT

Coherent waves. Interference. Diffraction. Single-slit diffraction. Limit of resolu-

tion. Diffraction grating equation. Diffraction of x-rays. Equivalent optical path
length.

RELATIVITY

Special theory of relativity. Variation of mass. Limiting speed. Mass-energy conver-
sion. Time dilation. Simultaneity. Length contraction. Velocity addition formula.

QUANTUM PHYSICS AND WAVE MECHANICS
Quanta of radiation. Photoelectric effect. Compton effect. De Broglie waves.

ATOMIC PHYSICS

Energy quantization. Energy-level diagrams. Bohr’s model of the hydrogen atom.
Emission of light. Absorption of light.

NUCLEI AND RADIOACTIVITY

The nucleus. Nuclear charge and atomic number. Atomic mass unit. Mass number.
Isotopes. Binding energies. Radioactivity. Nuclear equations.

APPLIED NUCLEAR PHYSICS
Nuclear binding energies. Fission reaction. Fusion reaction. Radiation dose.

Radiation damage. High-energy accelerators.

Significant Figures

Trigonometry Needed for College Physics

Exponents

Logarithms

Prefixes for Multiples of SI Units; The Greek Alphabet
Factors for Conversions to SI Units

Physical Constants

Table of the Elements

Four-place Logarithms; Antilogarithms; Natural Trigonometric Functions

282

288

293

297

301

308

312

314

317

320

324

325

326

327

328

333



Chapter 1

Introduction to Vectors

A SCALAR QUANTITY has only magnitude. Typical scalar, quantities are the number of students in
a class, the quantity of sugar in a jar, the cost of a house, etc.

Scalars, being simple numbers, are added like any numbers. Two candies in one box plus seven
in another give nine candies total.

A VECTOR QUANTITY has both magnitude and direction. For example, a vector displacement
might be a change in position from one point to a second point 2 cm away and in the x-direction from
the first point. ~ As another example, a cord pulling northward on a post gives rise to a vector force on
the post of 201b northward. Similarly, a car moving south at 40 km/h has a vector velocity of
40 km /h southward. :

A vector quantity can be represented by an arrow drawn to scale. The length of the arrow is
proportional to the magnitude of the vector quantity (2 cm, 20 lb, 40 km /h in the above examples).
The direction of the arrow represents the direction of the vector quantity.

In printed material, vectors are represented by boldface type, such as F.  When written by hand,
the designations F and E are often used.

THE RESULTANT of a number of similar vectors, force vectors for example, is that single vector
which would have the same effect as all the original vectors taken together.

GRAPHICAL ADDITION OF VECTORS (POLYGON METHOD): This method for finding the
resultant of several vectors consists in beginning at any convenient point and drawing (to scale) each
vector arrow in turn. They may be taken in any order of succession. The tail end of each arrow is
attached to the tip end of the preceding one. '

The resultant is represented by an arrow with its tail end at the starting point and its tip end at the
tip of the last vector added.

PARALLELOGRAM METHOD for adding two vectors: The
resultant of two vectors acting at any angle may be represented
by the diagonal of a parallelogram. The two vectors are drawn
as the sides of the parallelogram and the resultant is its dia-
gonal, as shown in Fig. 1-1. The direction of the resultant is
away from the origin of the two vectors.

SUBTRACTION OF VECTORS: To subtract a vector B
from a vector A, reverse the direction of B and add it vectori-
ally to vector A, i.e. A—B=A+(—B).

o0 = opposite side

THE TRIGONOMETRIC FUNCTIONS are defined in rela-
tion to a right triangle. For the right triangle shown in Fig. .
1-2, by definition Fig. 1-2

a = adjacent side

sinf = cosf = tan0=%

>R

0
h
We often use these in the forms

o= hsinf a= hcosf o=atanf

1



2 INTRODUCTION TO VECTORS [CHAP. 1

A COMPONENT OF A VECTOR is its effective value in a given direction. For example, the
x-component of a displacement is the displacement parallel to the x-axis caused by the given
displacement. A vector may be considered as the resultant of its component vectors along the
specified directions. It is customary, and useful, to resolve a vector into components along mutually
perpendicular directions (rectangular components).

COMPONENT METHOD FOR ADDING VECTORS: Each vector is resolved into its x-, y-, and
z-components, with negatively directed components taken as negative. The x-component of the
resultant, R, is the algebraic sum of all the x-components. The y- and z-components of the resultant
are found in a similar way. Knowing the components, the magnitude of the resultant is given by

R =\/Rj 4 By + Ry

In two dimensions, the angle of the resultant with the x-axis can be found from the relation

R
tanf = Té
Solved Problems

L1 Using the graphical method, find the resultant of the following two displacements: 2 m at 40°
and 4 m at 127°, the angles being taken relative to the +x-axis.

Choose (x,y)-axes as shown in Fig. 1-3 and lay out the displacements to scale tip to tail from the
origin. Notice that all angles are measured from the +x-axis. The resultant vector, R, points from
starting point to end point as shown. We measure its length on the scale diagram to find its magnitude,
4.6 m. Using a protractor, we measure its angle § to be 101°. The resultant displacement is therefore

4.6 m at 101°.
J
210°

P 25 cos 30°

30° X

25 sin 30°
25
x
Fig. 1-3 ] Fig. 14
1.2. Find the x- and y-components of a 25 m displacement at an angle of 210°.

The vector displacement and its components are shown in Fig. 1-4. The components are
x-component = —25c0s30° = —21.7m
y-component = —25sin30° = —12.5 m

Notice in particular that each component points in the negative coordinate direction and must therefore

be taken as negative. '
In the above computation the components should properly have been written

—(25 m) cos 30° —(25 m) sin 30°

We shall often omit units in situations such as this to save space.



CHAP. 1] INTRODUCTION TO VECTORS 3

1.3. Solve Problem 1.1 by use of rectangular components.
Y J Y
R
2 4 sin 53° y
=320

2 sin 40° ' s
=1.29 127° [
40° 53° \ ¢ \

2 cos 40° = 1.53 x 4 cos 53° = 2.40 x 087 x
(a) (®) (o)
Fig. 1-5

We resolve each vector into rectangular components as shown in Fig. 1-5(a) and (b). (We place a

cross hatch symbol on the original vector to show that it is replaced by its components.) The resultant
has the components

R, =153-240= -0.87 m R,=129+320=449m

Notice that components pointing in the negative direction must be assigned a negative value.
The resultant is shown in Fig. 1-5(¢); we see that

R=1(087)" + (449)’ =457 m tan ¢ = gg—g

Hence, ¢ = 79°, from which 4 =180° — ¢ = 101°.

14. Add the following two force vectors by use of the parallelogram method: 30 pounds at 30°
and 20 pounds at 140°. (A pound of force is chosen such that a 1 kg object weighs 2.21 1b on
earth. One pound is equivalent to a force of 4.45 newtons, 4.45 N.)

The force vectors are shown in Fig. 1-6(a). We construct a parallelogram using them as sides, as
shown in Fig. 1-6(b). The resultant, R, is then shown as the diagonal. By measurement, we find that R

is 30 1b at 72°.
30
20 140°
30°
(a) (b)

Fig. 1-6

1.5. Four coplanar forces act on a body at point O as shown in Fig. 1-7(a). Find their resultant
graphically. (In Fig. 1-7, the force unit N is newtons. A 1 kg object weighs 9.8 N on earth.
A force of 1 N is equivalent to a force of 0.225 pounds.)

IION 0N
30° s ——
/ﬂ 80N

160 N

(@)
Fig. 1-7



16.

1.7.

1.8.

INTRODUCTION TO VECTORS [CHAP. 1

Starting from O, the four vectors are plotted in turn as shown in Fig. 1-7(b). We place the tail end

of one vector at the tip end of the preceding one. The arrow from O to the tip of the last vector
represents the resultant of the vectors.

We measure R from the scale drawing in Fig. 1-7(d) and find it to be 119 N. Angle a is measured
by protractor and is found to be 37°. Hence the resultant makes an angle # = 180° —37° = 143°
with the positive x-axis. The resultant is 119 N at 143°.

Solve Problem 1.5 by use of the rectangular component method.

The vectors and their components are:

Vector x-Component y-Component
80 80 0
100 100 cos 45° = 71 100sin45° = 71
110 — 110 cos 30° = —95 110sin30° = 35
160 — 160 cos 20° = — 150 —160sin 20° = —55
Notice the sign of each component. To find the y
resultant, we have
R, =80+71-95-150=-94 N R
, =0+71+55-55=T71N 71
The resultant is shown in Fig. 1-8; we see that X
2 2 _ (o
R —\/(94) +(71)° =118 N — = p
Further, tana =71/94, from which a=37°.
Therefore the resultant is 118 N at 180 —37 = 143°. Fig. 1-8

Perform graphically the following vector additions and subtractions, where A, B, and C are the
vectors shown in Fig. 1-9: (@) A+B; (b)) A+B+C; (¢c) A—B; (d) A+B-C.

See Fig. 1-9(a) through (d). In (c)) A —B=A+(—B); ie. tosubtract B from A, reverse the
direction of B and add it vectorially to A. Similarly, in (d), A+B—-C=A+B+(—C), where —C
is equal in magnitude but opposite in direction to C.

C
/ / B B
A C mI’ |
*| b4
"ll A A/ \'B
|
B / < _
-_%
(a) (b) © (d)
Fig. 1-9

A force of 100 N makes an angle of # with the x-axis and has a y-component of 30 N.  Find
both the x-component of the force and the angle 6.

The data are sketched roughly in Fig. 1-10.
We wish to find F, and §. We know that

. ,_ o _ 30 _ _ 30
smﬂ—ﬁ—m—OJO i
from which 6 =17.5°. Then, since a=hcosb, r — x

we have
F.=100co0s 17.5° =954 N Fig. 1-10
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1.9.

1.10.

1.11.

1.12.

A boat can travel at a speed of 8 km/h in still water on a lake. In the flowing water of a
stream, it can move at 8 km/h relative to the water in the stream. If the stream speed is
3 km/h, how fast can the boat move past a tree on the shore in traveling (a) upstream? (b)
downstream?

(a) If the water were standing still, the boat’s speed past the tree would be 8 km/h. But the stream is
carrying it in the opposite direction at 3 km/h. Therefore the boat’s speed relative to the tree is
8 —-3=5km/h.

(b) In this case, the stream is carrying the boat in the same direction the boat is trying to move.
Hence its speed past the tree is 8 +3 =11 km/h.

A plane is traveling eastward at an airspeed of 500 km/h. But a 90 km/h wind is blowing
southward. What are the direction and speed of the plane relative to the ground?

The plane’s resultant velocity is the sum of two velocities, 500 km/h eastward and 90 km/h
southward. These component velocities are shown in Fig. 1-11. The plane’s resultant velocity is found

by use of
R =(500)* + (90)" = 508 km /h

-0 _
tana = '50—0 =10.180

from which «a = 10.2°. The plane’s velocity relative to the ground is 508 km /h at 10.2° south of east.
N

The angle « is given by

Fig. 1-11 Fig. 1-12

With the same airspeed as in Problem 1.10, in what direction must the plane head in order to
move due east relative to the earth?

The sum of the plane’s velocity through the air and the velocity of the wind will be the resultant
velocity of the plane relative to the earth. This is shown in the vector diagram of Fig. 1-12. Notice
that, as required, the resultant velocity is eastward. It is seen that sinf = 90/500, from which
6 =10.4°. The plane should head 10.4° north of east if it is to move eastward on the earth.

If we wish to find the plane’s eastward speed, the figure tells us that R = 500 cos 6 = 492 km /h.

A child pulls a rope attached to a sled with a force of 60 N. The rope makes an angle of 40°
to the ground. (a) Compute the effective value of the pull tending to move the sled along the
ground. (b) Compute the force tending to lift the sled vertically.

As shown in Fig. 1-13, the components of the 60 N force are 39 N and 46 N. (a) The pull along
the ground is the horizontal component, 46 N. (b) The lifting force is the vertical component, 39 N.

Fy=60sin40°
60 N | T =39N
400
F,=60cos40° =46 N x

Fig. 1-13



6 INTRODUCTION TO VECTORS [CHAP. 1

1.13. Acar whose weight is w is on a ramp which makes an angle 0 to the horizontal. How large a
perpendicular force must the ramp withstand if it is not to break under the car’s weight?

As shown in Fig. 1-14, the car’s weight is a force w that pulls straight down on the car. We take
components of w along the incline and perpendicular to it. The ramp must balance the force
component w cos 8 if the car is not to crash through the ramp.

1.14.  The five coplanar forces shown in Fig. 1-15(a) act on an object. Find the resultant force due

to them.
.4 y
16 N 15N
o 60°
45 . 1T\ SIN

30° 19N x k ‘ x

N P —32N
2N

v
(a) (b)

Fig. 1-15

(1) Find the x- and y-components of each force. These components are as follows:

Force x-Component y-Component -
19 N 19.0 0

ISN 15cos60°= 7.5 15sin 60° = 13.0

16 N —16cosd45° = —11.3 16sin45° = 11.3

1IN ~11cos30°= —9.5 —11sin30° = —5.5

22 N 0 - 220

Notice the signs to indicate + and — directions.

(2) The resultant R has components R, =3F, and R,=3XF, where we read 3 F, as “the sum
of all the x-force components.” We then have

R, =190+75-113-95+0=+57N
R,=0+130+113-55-220=-32N

(3) Find the magnitude of the resultant from

R=\R2+ R} =65N

(4) Sketch the resultant as shown in Fig. 1-15(b) and find its angle. We see that

_ 32 _
tan 4) = -5—7 = 0.56
from which ¢ =29°. Then we have that 6 =360°—29°=331°. The resultant is 6.5 N at
331° (or —29°).
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1.15.

1.16.

1.17.

1.18.

1.19.

1.20.

1.21.

1.22.

1.23.

Supplementary Problems

A car goes 5.0 km east, 3.0 km south, 2.0 km west, and 1.0 km north. (a) Determine how far north and
how far east it has been displaced. (b) Find the displacement vector both graphically and algebraically.
Ans. (a) 3 km east, —2 km north; (b) 3.6 km at 34° south of east

Find the x- and y-components of a 400 N force at an angle of 125° to the x-axis.
Ans. —229N, 328 N

Find the vector sum of the following four displacements on a map: 60 mm north; 30 mm west; 40 mm at
60° west of north; 50 mm at 30° west of south. Solve graphically and also algebraically. (mm stands
for millimeter, 0.001 meter.) Ans. 97 mm at 67.7° west of north

Two forces, 80 N and 100 N acting at an angle of 60° with each other, pull on an object. (a) What
single force would replace the two forces? (b) What single force (called the equilibrant) would balance
the two forces? Solve algebraically.

Ans. (a) R: 156 N at 34° with the 80 N force; (b) —R: 156 N at 214° with the 80 N force

Two forces act on a point object as follows: 100 N at 170° and 100 N at 50°. Find their resultant.
Ans. 100 N at 110°

Find graphically the resultant of each of the three coplanar force systems shown in Fig. 1-16.
Ans. (a) 351bat34°; (b) 591bat236°; (c) 1721bat 315°

y Y y
l60 1b Sl
900 o
62
solb N ; 0 i y
0 30° 25 23
1801b
1251b
1301b
Bqlb A 4
(@) () ()

Fig. 1-16

Find algebraically the (a) resultant and (b) equilibrant (see Problem 1.18) of the following coplanar
forces: 300 N at 0°, 400 N at 30°, and 400 N at 150°. Ans. (a) 500 N at 53°; (b) 500 N at 233°

Compute algebraically the (a) resultant and (b) equilibrant of the following coplanar forces: 100 Ib at
30°, 141.4 1b at 45°, and 100 Ib at 240°. Check your result graphically.
Ans. (a) 151 1b at 25°; (b) 151 Ib at 205°

Compute algebraically the resultant of the following displacements: 20 m at 30°, 40 m at 120°, 25 m at
180°, 42 m at 270°, and 12 m at 315°. Check your answer by a graphical solution.
Ans. 20 m at 197°
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INTRODUCTION TO VECTORS [CHAP. 1

Refer to Fig. 1-17.  In terms of vectors A and B, express the vectors (a) P; B)R; ()S; (d) Q.
Ans. (a) A+B; (b) B; (¢) —A; (d) A-B

R

P

B

Fig. 1-17 Fig. 1-18

Refer to Fig. 1-18. In terms of vectors A and B, express the vectors (a) E; (b) D—C; (c)
E+D-C. Ans. (@) —A—Bor —(A+B); (b) A; (¢) —B

A reckless drunk is playing with a gun in an airplane that is going directly east at 500 km/h. The drunk
shoots the gun straight up at the ceiling of the plane. The bullet leaves the gun at a speed of
1000 km/h. According to someone standing on the earth, what angle does the bullet make to the
vertical? Ans. 26.6°

A truck is moving north at a speed of 70 km/h. The exhaust pipe above the truck cab sends out a trail
of smoke that makes an angle of 20° east of south behind the truck. If the wind is blowing directly
toward the east, what is the wind speed at that location?  A4ns. 25 km/h

A ship is traveling due east at 10 km/h. What must be the speed of a second ship heading 30° east of
north if it is always due north from the first ship? Ans. 20 km/h

A boat, propelled so as to travel with a speed of 0.50 m /s in still water, moves directly across a river that
is 60 m wide. The river flows with a speed of 0.30 m/s. (a) At what angle, relative to the straight-
across direction, must the boat be pointed? (b) How long does it take the boat to cross the river?
Ans. (a) 37° upstream; (b) 150 s

A child is holding a wagon from rolling straight back down a driveway that is inclined at 20° to the
horizontal. If the wagon weighs 150 N, how hard must the child pull on the handle if the handle is
parallel to the incline? Ans. SIN

Repeat Problem 1.30 if the handle is at an angle of 30° above the incline. Ans. 59 N



