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Preface

The introductory physics course, variously known as “general physics” or
“college physics,” is usually a two-semester in-depth survey of classical topics
capped off with some selected material from modern physics. Indeed the name
“college physics” has become a euphemism for introductory physics without
calculus. Schaum’s Outline of College Physics was designed to uniquely
complement just such a course, whether given in high school or in college. The
needed mathematical knowledge includes basic algebra, some trigonometry, and a
tiny bit of vector analysis. It is assumed that the reader already has a modest
understanding of algebra. Appendix B is a general review of trigonometry that
serves nicely. Even so, the necessary ideas are developed in place, as needed. And
the same is true of the rudimentary vector analysis that’s required—it too is taught as
the situation requires.

In some ways learning physics is unlike learning most other disciplines. Physics
has a special vocabulary that constitutes a language of its own, a language
immediately tsanscribed into a symbolic form that is analyzed and extended with
mathematical logic and precision. Words like energy, momentum, current, flux,
interference, capacitance, and so forth, have very specific scientific meanings.
These must be learned promptly and accurately because the discipline builds layer
upon layer; unless you know exactly what velocity is, you cannot know what
acceleration or momentum are, and without them you cannot know what force is,
and on and on. Each chapter in this book begins with a concise summary of the
important ideas, definitions, relationships, laws, rules, and equations that are
associated with the topic under discussion. All of this material constitutes the
conceptual framework of the discourse, and its mastery is certainly challenging in
and of itself, but there’s more to physics than the mere recitation of its principles.

Every physicist who has ever tried to teach this marvelous subject has heard the
universal student lament, ““I understand everything; I just can’t do the problems.”
Nonetheless most teachers believe that the “doing” of problems is the crucial
culmination of the entire experience, it’s the ultimate proof of understanding and
competence. The conceptual machinery of definitions and rules and laws all come -
together in the process of problem solving as nowhere else. Moreover, insofar as the
problems reflect the realities of our world, the student learns a skill of immense
practical value. This is no easy task; carrying out the analysis of even a
moderately complex problem requires extraordinary intellectual vigilance and
unflagging attention to detail above and beyond just “knowing how to do it.”
Like playing a musical instrument, the student must learn the basics and then
practice, practice, practice. A single missed note in a sonata is overlookable; a
single error in a calculation, however, can propagate through the entire effort
producing an answer that’s completely wrong. Getting it right is what this book is
all about.

Although a selection of new problems has been added, the 9th-edition revision
of this venerable text has concentrated on modernizing the work, and improving the
pedagogy. To that end, the notation has been simplified and made consistent
throughout. For example, force is now symbolized by F and only F; thus
centripetal force is Fc, weight is Fy, tension is Fr, normal force is Fy, friction is
Fy, and so on. Work (W) will never again be confused with weight (Fy), and period
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(T) will never be mistaken for tension (F7). To better match what’s usually written in
the classroom, a vector is now indicated by a boldface symbol with a tiny arrow
above it. The idea of significant figures is introduced (see Appendix A) and
scrupulously adhered to in every problem. Almost all the definitions have been
revised to make them more: precise or to reflect a more modern perspective. Every
drawing has been redrawn so that they are now more accurate, realistic, and
readable.

If you have any comments about this edition, suggestions for the next edition, or
favorite problems you’d like to share, send them to E. Hecht, Adelphi University,
Physics Department, Garden City, NY 11530.

Freeport, NY EuGeNE HECHT
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Chapter 1

Ihtroduction to Vectors

A SCALAR QUANTITY, or scalar, is one that has nothing to do with spatial direction. Many
physlcal concepts such as length, time, temperature, mass, density, charge, and volume are scalars;
each has a scale or size, but no associated direction. The number of students in a class, the quan-
tity of sugar in a jar, and the cost of a house are familiar scalar quantities.

Scalars are specified by ordinary numbers and add and subtract in the usual way. Two candies i in one
box plus seven in another give nine candies total.

A VECTOR QUANTITY is one that can be specified completely only if we provide both its mag-
nitude (size) and direction. Many physical concepts such as displacement, velocity, acceleration,
force, and momentum are vector quantities. For example, a vector displacement might be a change
in position from a certain 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 20 newtons (N) northward. One newton is 0.225 pound (1.00 N = 0.225 Ib). Simi-
larly, a car moving south at 40 km/h has a vector velocity of 40 km/h-soUTH.

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 N, 40 km/h in the above examples).
The direction of the arrow represents the direction of the vector quantity.

In printed material, vectors are often represented by boldface type, such as F. When written by hand,
the designations F and F are commonly used. A vector is not completely defined until we establish some
_ rules for its behavior.

THE RESULTANT, or sum, of a number of vectors of a particular type (force vectors, for example)
is that single vector that would have the same effect as all the original vectors taken together.’

GRAPHICAL ADDITION OF VECTORS (POLYGON METHOD): This method for finding
the resultant R of several vectors (A, B, and C) consists in beginning at any convenient point and
drawing (to scale and in the proper directions) each vector arrow in turn. They may be taken in
any order of succession: A+ B+ C=C+A+B=R. The tail end of each arrow is positioned at
the tip end of the preceding one, as shown in Fig. 1-1.

End

(o)

s
w4
wi

>

Start

Fig. 1-1
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2 INTRODUCTION TO VECTORS [CHAP. 1

The resultant is represented by an arrow with its tai_! end at the starting point and its tip end at the
tip. of the last vector added. If R is the resultant, R = |R| is the size or magnitude of the resultant.

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 diagonal, as shown in Fig. 1-2. The direc-
tion of the resultant is away from the origin of the two vectors.

Fig. 12

SUBTRACTION OF VECTORS: 'I;o subtractﬂa vector B from a vector A, reverse the direction
of B and add individually to vector A, that is, A — B = & + (— B).

THE TRIGONOMETRIC FUNCTIONS are defined in relation to a right angle. For the right tri-
angle shown in Fig. 1-3, by definition

. o, _ opposite B __ adjacent 4 __opposite B
sin 6 = hypotenuse C’ cos 6 = hypotenuse  C’ tan 6= adjacent 4

We often use these in the forms
B=Csin 8 A=Ccos 8 B=Atan @

hypotenuse
c opposite—6
B
6
adjacent—0
A
Fig. 1-3

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 displa-
cement. A vector in three dimensions may be considered as the resultant of its component vectors
resolved along any three mutually perpendicular directions. Similarly, a vector in two dimensions
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Fig. 14

may be resolved into two component vectors acting along any two mutually perpendlcular direc-
tions. Figure 1-4 shows the vector R and its x and y vector components, R, and R,, which have
magnitudes

|R,|=[Rlcos# and |R,|=|R|sin @
or equivalently
R, = Rcos @ and R, = Rsin 6

COMPONENT METHOD FOR ADDING VECTORS: Each vector is resolved into its x-, y-,
and z-components, with negatively directed components taken as negative. The scalar x-component
R, of the resultant R is the algebraic sum of all the scalar x-components. The scalar y- and z-
components of the resultant are found i ina similar way. With the components known, the magni-

tude of the resultant is given by
R=,/R:+ R+ R

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

6=
tan Rx

UNIT VECTORS have a magnitude of one and are represented by a boldface symbol topped
with a caret. The special unit vectors i, j, and k are assigned to the x-, y-, and z-axes, respec-
tively. A vector 3i represents a three-unit vector in the +x-direction, while —5k represents a five-
unit vector in the —z-direction. A vector R that has scalar x-, y-, and z-components R, R,, and
R;, respectively, can be written as R = R.i+ R J + R;k.

THE DISPLACEMENT: When an object moves from one point in space to another the displa-
cement is the vector from the initial location to the final location. It is independent of the actual
distance <traveled.
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Solved Problems

Using the graphical method, find the resultant of the following two dlsplacements 2.0 m at 40°
and 4.0 m at 127°, the angles being taken relative to the +x-axis, as is customary. Give your
answer to two significant figures. (See Appendix A on significant figures.)

Choose x- and y-axes as shown in Fig. 1-5 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 6 to be 101°. The resultant displacement is therefore 4.6 m at 101°.

ya
r4 210.0°
__(25.0 m) cos 30.0° / \ R
40m 300° *
R . (25.0 m) sin 30.0°
127 250m

e 20m

40.0°

x
Fig. 1-5 Fig. 1-6

Find the x- and y-components of a 25.0-m displacement at an angle of 210.0°.

The vector displacement and its components are shown in Fig. 1-6. The scalar components are
' x-component = —(25.0 m) cos 30.0° = —21.7 m
y-component = —(25.0 m) sin 30.0° = —12.5m

Notice in particular that each component points in the negative coordinate direction and must therefore be
taken as negative.

Solve Problem 1.1 by use of rectangular components.

We resolve each vector into rectangular components as shown in Fig. 1-7(a) and (b). (Place a cross-
hatch symbol on the original vector to show that it is replaced by its components.) The resultant has scalar
components of

R,=153m—-24Im=-08m R,=129m+319m=448m

Notice that components pointing in the negative direction must be assigned a negative value.
The resultant is shown in Fig. 1.7(¢); there, we see that

448 m
0.88 m

and ¢ = 79°, from which § = 180° — ¢ = 101°. Hence R = 4.6 m—101° FroM +x-Axis; remember vectors
must have their directions stated explicitly.

R=1/(088 m)’ + (448 mP* =46 m tan ¢ =
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4 4y Ay
4.0m i{
20m (4.0 m) sin 53°
=3.19m 448 m
(2.0 m) sin 40°
. =129m
\ \ >
107 - - 53 %ﬁ < \ -
(20m)cos40°=1.53 m x (4.0m)cos 53°=241m x | 0.88 m x
(@ ' ® ©
Fig. 1.7

1.4 Add the following two force vectors by use of the parallelogram method: 30 N at 30° and 20N at
140°. Remember that numbers. like 30N and 20 N have two significant figures.

The force vectors are shown in Fig. 1-8(a). We construct a parallelogram using them as sides, as shown

in Fig. 1-8(b). The resultant R is then represented by the diagonal. By measurement, we find that & is 30 N at
72°.

. ©
20N 140° 30N

30°

(@)

Fig. 1.8

L5  Four coplanar forces act on a body at point O as shown m Fig. 1-9(a). Find their resultant
graphically.

Starting from O, the four vectors are plotted in turn as shown in Fig. 1-9(b). We place the tail end of

each 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.

110N 100N
30° 45° _
i 20° 0 8N T x
IV/
(@) (O]

Fig. 19



