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Multiple Choice Questions

Q.1 Define force and identify the cause of all accelerations.
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Various Forces on the Same Mass

Figure 5 A spring scale exerts a constant
unbalanced force on the cart. Repeating the
investigation with different forces produces
velocity-time graphs with different slopes.

Figure:1

Figure 1 The hand pushing on the book exerts
a force that causes the book to accelerate in the

direction of the unbalanced force.

t=15s t=20s
—— —_—
v v
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Acceleration and Force

To explore how forces affect an object’s motion, think about doing a
series of investigations. Consider the simple situation shown in the top
photo of Figure 5 in which we exert one force horizontally on an object.
Starting with the horizontal direction is helpful because gravity does not
act horizontally. To reduce complications resulting from the object
rubbing against the surface, the investigations should be done on a
smooth surface, such as a well-polished table. We'll also use a cart with
wheels that spin easily.

Apply constant force How can you exert a constant unbalanced
force? One way is to use a device called a spring scale. Inside the scale is a
spring that stretches proportionally to the magnitude of the applied force.
The front of the scale is calibrated to read the force in newtons. If you pull
on the scale so that the reading on the front stays constant, the applied
force is constant. The top photo in Figure 5 shows a spring scale pulling a
low-resistance cart with a constant unbalanced force.

If you perform this investigation and measure the cart’s velocity for a
period of time, you could construct a graph like the green line shown in
the velocity-time graphs for constant forces in the middle panel of
Figure 5. The constant slope of the line in the velocity-time graph
indicates the cart’s velocity increases at a constant rate. The constant
rate of change of velocity means the acceleration is constant. This
constant acceleration is a result of the constant unbalanced force applied
by the spring scale to the cart.

How does acceleration depend on force? Repeat the investigation with a
larger constant force. Repeat it again with an even greater force. For each
force, plot a velocity-time graph like the red and blue lines in the middle
panel of Figure 5. Recall that the line’s slope is the cart’s acceleration.
Calculate the slope of each line and plot the results for each force to make
an acceleration-force graph, as shown in the bottom panel of Figure 5.

The graph indicates the relationship between force and acceleration is
linear. Because the relationship is linear, you can apply the equation for a
straight line:

y=kx+b

The y-intercept is 0, so the linear equation simplifies to y = kx. The
y-variable is acceleration. The x-variable is force. Therefore, acceleration is
equal to the slope of the line multiplied by the applied net force.

3



Q.2 Classify forces as either contact forces or field forces and

realize that they result from interactions caused by agents. [
on book
Figure:2 Pg:4 System
\"{._:'_\‘l t——
‘or book
Q.3 Interpret the graph of net force versus acceleration. §Eerts mass
Figure:5 Pg:7
Identify the system

F. string
on book

FEarth's
y Mmasson book

Force exerted by string is a contact force

........
- -
- ~

FEarth's
mass on book

Force exerted by Earth's mass is a field force

Figure 2 The book is the system in each of
these situations.

Classify each force in the first panel as either
a contact force or a field force.

Q.4 Define inertia and state Newton’s First law of motion )as a law of
inertia.  Student textbook Pg:11

Inertia Newton’s first law is sometimes called the law of inertia because inertia is the tendency
of an object to resist changes in velocity. The car and the red block in Figure 8 demonstrate the
law of inertia. In the left panel, both objects are moving to the right. In the right panel, the
wooden box applies a force to the car, causing it to stop. The red block does not experience the
force applied by the wooden box. It continues to move to the right with the same velocity as in
the left panel.

Is inertia a force? No. Forces are results of interactions between two objects; they are not proper-
ties of single objects, so inertia cannot be a force. Remember that because velocity includes both
the speed and direction of motion, a net force is required to change either the speed or the
direction of motion. If the net force is zero, Newton'’s first law means the object will continue
with the same speed and direction.



Q.5 Define equilibrium.State the conditions for an object to be in equilibrium. Figure:9 Pg:12

Equilibrium,v=0,a=0

Figure 9 An objectis in equilibrium if its velocity isn't changing. In both cases pictured here, velocity isn't changing, so the net force must be zero,

Equilibrium According to Newton's first law, a net force causes the velocity of an object to
change. If the net force on an object is zero, then the object is in equilibrium. An object is in
equilibrium if it is moving at a constant velocity. Note that being at rest is simply of the state of
constant velocity, v = 0. Newton’s first law identifies a net force as something that disturbs a
state of equilibrium. Thus, if there is no net force acting on the object, then the object does not
experience a change in speed or direction and is in equilibrium. Figure 9 indicates, at least in
terms of net forces, there is no difference between lying on a sofa and falling at a constant
velocity while skvdiving—velocity isn’t changing, so the net force is zero.

Keep in mind that the real world is full of forces that resist motion. Newton's ideal, friction-free
world is not easy to obtain. If you analyze a situation and find that the result is different from
vour own experience, ask yourself if this s is because of the presence of frictional forces.

Q.6 Define an object's Weight
Weight. Relate the mass From Newton'’s second law, the fact that the ball in Figure 10 is accelerating means there must be
. eat unbalanced forces acting on the ball. The only force acting on the ball is the gravitational force
of an ObJeCt toit's due to Earth’s mass. An object’s weight is the gravitational force experienced by that object. This
weight. Student gravitational force is a field force whose magnitude is directly proportional to the mass of the
object experiencing the force. In equation form, the gravitational force, which equals weight, can
textbook Pg:1 1 be written F, = mg. The mass of the object is m, and g, called the gravitational field, is a vector

quantity that relates an object’s mass to the gravitational force it experiences at a given location.

Near Earth’s surface, g is 9.8 N/kg toward Earth’s center.
Objects near Earth’s surface experience 9.8 N of force for Weight
every kilogram of mass.

Sys&f:n_\ |+y ',—\\ F

Scales When you stand on a scale as shown in the right / \\I v ,'l s -
panel of Figure 10, the scale exerts an upward force on you. '\\ o ‘ H \
Because you are not accelerating, the net force acting on i T a H H
you must be zero. Therefore the magnitude of the force l¢ ' ,:
exerted by the scale (F. .o vou) pushing up must equal the Fo '\ v
magnitude of F, pulling down on you. Inside the scale, F .=F l be %

; Z net ] F.= mg
springs provide the upward force necessary to make the net F,=mg 9

force equal zero. The scale is calibrated to convert the System

stretch of the springs to a weight. If you were on a different
planet with a different g, the scale would exert a different
force to keep you in equilibrium, and consequently, the F,=mg.

sciled 'ead‘"5 DRl e dtam, B.ecau.se e ke, Identify the forces acting on you when you are in equilibrium while
the proper unit used to measure weight is the newton. standing on a scale.

Figure 10 The gravitational force exerted by Earth’s mass on
an object equals the object’s mass times the gravitational field,



Q.7 Calculate the weight of an object.

EXAMPLE Problem 2

COMPARING WEIGHTS Kiran holds a brass cylinder in each hand. Cylinder A has a mass of 100.0 g
and cylinder B has a mass of 300.0 g. What upward forces do his two hands exert to keep the
cylinders at rest? If he then drops the two, with what acceleration do they fall? (Ignore air resistance.)

Example Problem:2

Pg:14

1 ANALYZE AND SKETCH THE PROBLEM
-« Sketch the situation.

- Identify the two cylinders as the systems, and choose the

upward direction as positive.

{ Chuind
e O
VAl /Bl
rc IPhandana

« Draw the free-body diagrams. Label the forces. l | \ A F
:‘LT + hand on A
KNOWN UNKNOWNS Y-S Q/qumv e T
=01 =
mA 01000 kg andmn Tf | Fgmviry ong
mg, = 0.3000 kg | N ¢ |
g = -9.8 N/kg a=? a,=7? It
2 SOLVE FOR THE UNKNOWNS
For cylinder A: For cylinder B:
FNuimA=FH-|ﬂmA+FGmwtyunA FNclon8=FHnndon8+F5rMyonE
0= FHandmA <t FGravxyonA = FHanﬂonB ok Fs«amyana
Hand on A = _Fvaﬂyon A Hand on B = _Fanlty onB
Haodenk — —11ad Fwandene =mgg
= —(0.1000 kg)(-9.8 N/kg) = —{0.3000 kg)(-9.8 N/Kg)
= 0.98 Nup =29 Nup
After the cylinders are dropped, the only force on each is the force of gravity. Use Newton'’s second law.
a = FNeumA a. = FNelonB
A m, B m,
m,g m
aA = % =g aE = —Bg =g : A _
m, my Substitute £, =mgandF,_ . =mg
= —9.8 m/s? =-9.8 m/s? Substitute g = -9.8 N/kg = —9.8 m/s”.

3 EVALUATE THE ANSWER
« Are the units correct? N is the correct unit for force; m/s? is the correct unit for acceleration.

- Does the sign make sense? The direction of the fall is downward, the negative direction, and the
object is speeding up, so the acceleration should be negative.

« Is the magnitude realistic? Forces are 1-5 N, typical of that exerted by objects that have a mass of
one kg or less. The accelerations are both equal to free fall acceleration.

Q.8 Describe forces in nature as a type of interaction between two bodies.State and explain

Newton’s third law of motion.  Student textbook Pg:19

Interaction Pairs

Figure 14 illustrates the idea of forces as interaction pairs. There is a force from the woman on the
dog’s toy, and there is a force from the dog’s toy on the woman. Forces always come in pairs
similar to this example. Consider the woman (A) as one system and the toy (B) as another. What
forces act on each of the two systems? Looking at the force diagrams in Figure 14, you can see
that each system exerts a force on the other. The two forces, F, .5 and Fy, 1, are an example of
an interaction pair, which is a set of two forces that are in opposite directions, have equal magni-
tudes, and act on different objects. Sometimes, an interaction pair is called an action-reaction
pair. This might suggest that one causes the other; however, this is not true. For example, the
force of the woman pulling on the toy doesn’t cause the toy to pull on the woman. The two forces
either exist together or not at all.



Q.9 Apply the mathematical representation of Newton's Third Law in numerical
problems.List the characteristics of the interaction pair and identify the
action-reaction pairs for different situations.Define the tension force and
explain how Newton’s Third Law applies to forces on strings and ropes.

Figure:15/17 Pg:20/22

Definition of Newton’s third law In Figure 14, the force exerted by the woman on the toy
is equal in magnitude and opposite in direction to the force exerted by the toy on the woman. Such
an interaction pair is an example of Newton’s third law, which states that all forces come in pairs.
The two forces in a pair act on different objects and are equal in strength and opposite in direction.

Tension

Tension is simply a specific name for the force that a string or rope exerts. A simplifi-
cation within this textbook is the assumption that all strings and ropes are massless.
In Figure 17, the rope is about to break in the middle. If the rope breaks, the bucket
will fall; before it breaks, there must be forces holding the rope together. The force
that the top part of the rope exerts on the bottom partis F,_ . Newton's third
law states that this force must be part of an interaction pair. The other member of the
pair is the force that the bottom part of the rope exerts on the top, F - These

forces, equal in magnitude but opposite in direction, also are shown in Figure 17.

Think about this situation in another way. Before the rope breaks, the bucket is in
equilibrium. This means that the force of its weight downward must be equal in
magnitude but opposite in direction to the tension in the rope upward. Similarly, if
you look at the point in the rope just above the bucket, it also is in equilibrium.

Figure 14 The force that the toy exerts on
the woman and the force that the woman
exerts on the toy are an interaction pair.

Pl S '_l
+ A i FT {bottomn on top)

T (top on bottom)

. I

r
L}
I
1

1

Figure 17 The tension in the rope is
equal to the weight of all the objects
hanging from it

Therefore, the tension of the rope below it pulling down must be equal to the tension of the rope
above it pulling up. You can move up the rope, considering any point in the rope, and see that
the tension forces at any point in the rope are pulling equally in both directions. Thus, the

tension in the rope equals the weight of all objects below it.

Newton’s Third Law

Flable on ball

Fy

The two forces acting on the ball
areF_ andF_ i
1able on bal Earth's mass on ball

These forces are not an interac-
tion pair.

Fmb‘ﬁ on ball

Fball on table

Force interaction pair between
ball and table.

Ty Fhali on Earth
\\
FEarlh onball"~s

~

Force interaction pair between
ball and Earth,

Figure 15 A ball resting on a table
is part of two interaction pairs.



Q.10 Distinguish between static and kinetic friction.ldentify the factors that friction force depends on.
Figure:10 Pg:38

Kinetic and Static Friction

You push a book across your desk. When you stop pushing, the book stops due to friction.

Types of friction When you pushed your book across the desk, the book experienced a type
of friction that acts on moving objects—kinetic friction is exerted on one surface by another
when the two surfaces rub against each other because one or both surfaces are moving.

Now imagine trying to push a couch across the floor, as shown on the left in Figure 10. You push
on it with a small force, but it does not move. Newton’s laws tell you that the net force on the
couch must be zero. There must be a second horizontal force acting on the couch that opposes
your force and is equal in size. This force is static friction, which is the force exerted on one
surface by another when there is no motion between the two surfaces.

You push harder, and the couch still does not move. The static friction force is increasing in
response to your applied force. When you push hard enough, the couch begins to move as in the
right side of Figure 10. There is a limit to how large the static friction force can be. Once your
force is greater than this maximum static friction, the couch moves and kinetic friction acts on it.

foe o

G — el A r—.
Fistatic friction Fyou on couch Fiinetic friction Fyou on couch

Figure 10 An applied force is balanced by static friction up to @ maximum limit. When this limit is exceeded,
the object begins to move.

Identify the type of friction force acting on the couch when it begins to move.



Q.11 Define the coefficients of kinetic and static friction. Student Textbook Pg:39/40

magnitude of the resulting friction force. The slope of the

line on a kinetic friction force v. normal force graph, Static Friction Force
designated y_, is called the coefficient of kinetic friction The static friction force is less than or equal to the
and relates the friction force to the normal force. product of the coefficient of static friction and the

normal force.
Kinetic Friction Force

F _=uF
The kinetic friction force equals the product of the f, static H s N
coefficient of kinetic friction and the normal force.

E et = IS In the equation for the maximum static friction force, y_is
the coefficient of static friction between the two surfaces.
The maximum static friction force that must be overcome

Kinetic Eriction Force'v: Normal Eorve before motion can begin is p F,.. In the example of

45 — 11— pushing the couch in Figure 10, the maximum force of
s o (5 ﬁgﬂgﬁigﬁfe static friction balances the force of the person pushing on
€ 35 i i : :
P Rt i R the couch the instant before the couch begins to move.
° .
g ;3 “ Q.12 Relate graphically the frictional force to the
2 s = sl normal force and find the coefficient of kinetic
o " | N .
c o
£ 10 T Friction. Figure:12

0.5 —— Pg:39

0.0

0 1 2 3 4 5 6 7 8 9 10
Normal force (N)

Figure 12 A plot of kinetic friction v. normal force for a block
pulled along different surfaces shows a linear relationship
between the two forces for each surface. The slope of the line is ,.

Q.13 Identify work as a scalar quantity measured in Nm or Joule (J). Student Textbook Pg:55
The left side of the equation describes an action that was done to the system by the external
world. Recall that a system is the object or objects of interest and the external world is everything
else. A force (F) was exerted on a system while the point of contact moved. When a force is
applied through a displacement, work (W) is done on the system.

The SI unit of work is called a joule (]). One joule is equal to 1 N-m. One joule of work is done
when a force of 1 N acts on a system over a displacement of 1 m. An apple weighs about 1 N, so it
takes roughly 1 N of force to lift the apple at a constant velocity. Thus, when you lift an apple 1 m
at a constant velocity, you do 1 ] of work on it.



Q.14 Show that work is done when a force is applied through a displacement.

Pg:56

Student Textbook

Q.15 Explain that the work done by a force acting in a direction perpendicular to the direction of
motion is zero.Explain that work done by a force is positive when the force acts in the direction of
motion and negative when the force acts in the opposite direction of motion with suitable

examples.

Work done by a constant force In the book
bag example, F is a constant force exerted in the
direction in which the object is moving. In this case,
work (W) is the product of the force and the system’s
displacement. That is,

W =Fd.

What happens if the exerted force is perpendicular to
the direction of motion? For example, for a planet in a
circular orbit, the force is always perpendicular to the
direction of motion, as shown in Figure 1. Recall that a
perpendicular force only changes the direction. The
speed of the planet doesn’t change, so the right side of
the equation, 3mov? - %m:*f, is zero. Therefore, the work

done is also zero.

Constant force exerted at an angle What work
does a force exerted at an angle do? For example, what
work does the person pushing the car in Figure 2 do?
Recall that any force can be replaced by its components.
If you use the coordinate system shown in Figure 2, the
125-N force (F) exerted in the direction of the person’s
arm has two components.

The magnitude of the horizontal component (F ) is
related to the magnitude of the applied force (F) by

cos 25.0° = FT By solving for F_, you obtain
F, = Fcos 25.0° = (125 N) (cos 25.0) = 113 N.
Using the same method, the vertical component is
F = —Fsin 25.0°

F = —(125 N) (sin 25.0°) = =52.8 N.

¥

The negative sign shows that the force is downward.
Because the displacement is in the x direction, only the
x-component does work. The y-component does no
work. The work you do when you exert a force on a
system at an angle to the direction of motion is equal to
the component of the force in the direction of the
displacement multiplied by the displacement.

Figure:2

Pg:56

+y

F,
0=250" , tx
Fy
F=125N '

Figure 2 Only the horizontal component of the force that the man
exerts on the car does work because the car’s displacement is
horizontal.

F, = F cos 0. Thus, the work done is represented by the
following equation.

Work

Work is equal to the product of the magnitude of the
force and magnitude of displacement times the cosine
of the angle between them.

W = Fd cos @

BGet It?

Determine the work you do when you exert a
force of 3 N at an angle of 45° from the direction
of motion for 1 m.

The equation above agrees with our expectations for
constant forces exerted in the direction of displacement

and for con forces perp. ic isplace-




Q.16 Define power and specify its unit (Watt).

Power

Suppose vou had a stack of books to move to a shelf. You
could lift the stack at once, or vou could move the books
one at a time, Since the total force applied and the
displacement are the same in both cases, the work is the
same. However, the time needed is different. Recall that
work causes a change in energy. The rate at which energy
is transformed is power.

Power

Power is equal to the change in energy divided by the

time required for the change.
p=AE

t

When work causes the change in energy, power is equal
to the work done divided by the time taken to do the

A
work: P = L,L

P=3600W

Student Textbook

Pg:63

Consider the two forklifts in Figure 9. The left forklift
raises ils load in 5 seconds, and the right forklift raises
the same load in 10 seconds. The left forklift is more
powerful than the right forklift. Even though the same
work is accomplished by both forklifts, the left forklift
accomplishes the work in less time and thus develops
more power.

Power is measured in watls (W). One watt is 1 ] of
energy transformed in 1s. Thatis, TW =1 J/s.

A watl is a relatively small unit of power. For example,
a glass of water weighs about 2 N. If you lift it 0.5 m to
vour mouth at a constant speed, you do 1 ] of work. If
vou lift it in 1 s, you are doing work at the rate of T W.
Because a watt is such a small unit, power often is
measured in kilowatts (kW). One kilowatt is equal to
1000 W.

P=1800W

Figure 9 The forklift on the left develops more power than the forklift ca the right because it lifts the load at a

faster rate.

The bobbing of a mass on a spring or the swaying of a pendulum are examples of periodic

Q.17 Define periodic motion and the
quantities associated with it like
period and amplitude.Define the
simple harmonic motion.

motion. In each example, at one position the net force on the object is zero and the object is in
equilibrium. When the object moves away from its equilibrium position, the net force on the
system becomes nonzero. This net force acts to bring the object back toward equilibrium. The
period (T) is the time needed for one full cycle of the motion. The amplitude of the motion is the
maximum distance the object moves from the equilibrium position.

Simple harmonic motion In Figure 1, the force exerted by the spring is directly

Student Textbook proportional to the distance it is stretched. When pulled down and released, the mass bobs up
Pg:98 and down through equilibrium. Any system where the force acting to restore an object to its
g' equilibrium position is directly proportional to the object’s displacement shows simple harmonic
motion.
Mass on a Spring
Figure 1 The force exerted on
— ~ the mass by the spring is
- — directly proportional to the
I — ~ mass’s displacement.
Om---e- o me o — T T P Determine the displocement if
the mass is 0.5 mg.
XMe=====-= yuiuieiutein . .f.J. ...........
spring on mass
F ) Fspnng on mass
2XMe e e e i Al N A N
Fspring onm
—ERRS = = constant

quawry on mass



Q. 18 Differentiate between transverse, longitudinal and surface waves with examples.
Pg:104

Mechanical Waves

A wave is a disturbance that carries energy through matter or space without transferring matter.
You have learned how Newton's laws of motion and the law of conservation of energy govern the
behavior of particles. These laws also govern the behavior of waves. Water waves, sound waves,
and the waves that travel along a rope or a spring are mechanical waves. Mechanical waves pass
through a physical medium, such as water, air, or a rope.

Transverse waves A wave pulse is a single bump or disturbance that passes through a
medium. In the left panel of Figure 6, the wave pulse disturbs the rope in the vertical direction, but
the pulse travels horizontally. A wave that

disturbs the particles in the medium Tonsveme:Nave Longitudinal Wave
perpendicular to the direction of the wave’s travel 4
is called a transverse wave. If the disturbances £ — O

continue at a constant rate, a periodic wave is 1 U ATy
enerated )\ Vg (T

Longitudinal waves Ina coiled spring toy,
you can produce another type of wave. If you {
squeeze together several turns of the coiled —
spring toy and then suddenly release them,
pulses will move away in both directions. The
result is called a longitudinal wave because the
disturbance is parallel to the direction of the
wave’s travel. Sound waves are longitudinal
waves in which the molecules are alternately
compressed or decompressed along the path of

—»
.',:'\-/'_
>

N\
Vs

a spring produces longitudinal wave pulses in both directions.

the wave. Surface waves Waves that are deep in a lake or an ocean are longitudinal.
In a surface wave, however, the medium’s particles follow a circular path that is
at times parallel to the direction of travel and at other times perpendicular to
the direction of wave travel, as shown in Figure 7. Surface waves set particles in

Tsunamis

Figure 6 Shaking a rope up and down produces transverse wave
pulses traveling in both directions. Squeezing and releasing the coils of

Real-World Physics

Figure:6

On March 11, 2011, a wall of water
estimated to be ten meters high hit areas

Q. 1 9 Desc ri be th e wave p ro pe rti es li ke the medium, in this case water, moving in a circular pattern. At the top and on the east coast of Japan—tsunami! A

bottom of the circular path, particles are moving parallel to the direction of the tsunami is a series of ocean waves that

periods of one hour, and wave speeds of

am p lltu de, ene I’gy Of a Wave, wave's travel. This is similar to a longitudinal wave. At the left and right sides of ~ can have wavelengths over 100 km,
. each circle, particles are moving up or down. This up-and-down motion is
wave le ngth, speed, phase, perlOd perpendicular to the wave’s direction, similar to a transverse wave. 001000 ko
and frequency. Student Wave Properties
Text boo k Pg: 1 05 Many types of waves share a common set of wave properties. Some wave properties depend on
how the wave is produced, whereas others depend on the medium through which the wave is
passing. Wave A

Amplitude How does the pulse generated by gently shaking a rope differ from
the pulse produced by a violent shake? The difference is similar to the difference
between a ripple in a pond and an ocean breaker—they have different amplitudes.
You read earlier that the amplitude of periodic motion is the greatest distance from
equilibrium. Similarly, as shown in Figure 8, a transverse wave’s amplitude is the
maximum distance of the wave from equilibrium. Since amplitude is a distance, it
is always positive. You will learn more about measuring the amplitude of longitudi-
nal waves when you study sound. Wave B,

Displacement

Energy of a wave Waves, including water waves, are examples of the many
ways that energy manifests at the macroscopic scale. The energy of a wave is related
to its amplitude, and a wave's amplitude depends on how the wave is generated.

Amplitude

More energy must be added to the system to generate a wave with a greater Figure 8 Awave's amplitude is

amplitude. For example, strong winds produce larger water waves than those
formed by gentle breezes. Waves with greater amplitudes transfer more energy.
Whereas a wave with a small amplitude might move sand on a beach a few
centimeters, a giant wave can uproot and move a tree.

on the wave.

For waves that move at the same speed, the rate at which energy is transferred is proportional to
the square of the amplitude. Thus, doubling the amplitude of a wave increases the amount of
energy that wave transfers each second by a factor of four.

measured from the equilibrium
position to the highest or lowest point



Q. 20 Relate the period of a wave to its frequency. Student Textbook Pg:106/107

Period Although wave speed and amplitude can describe both wave
pulses and periodic waves, period (T) applies only to periodic waves. You
have learned that the period of simple harmonic motion, such as the
motion of a simple pendulum, is the time it takes for the motion to
complete one cycle. Such motion is usually the source, or cause, of a
periodic wave. The period of a wave is equal to the period of the source.
In Figure 9 the period (T) equals 0.04 s, which is the time it takes the
source to complete one cycle. The same time is taken by P, a point on the
rope, to return to its initial position and velocity.

Calculating frequency The frequency of a wave (f) is the number of complete oscillations
a point on that wave makes each second. Frequency is measured in hertz (Hz). One hertz is one
oscillation per second and is equal to 1/s or s-'. The frequency and the period of a wave are
related by the following equation.

Frequency of a Wave
The frequency of a wave is equal to the reciprocal of the period.

23

Both the period and the frequency of a wave depend only on the wave's source. They do not
depend on the wave’s speed or the medium.

Calculating wavelength You can directly measure a wave’s wavelength by measuring the
distance between adjacent crests or troughs. You can also calculate it because the wavelength
and frequency of a wave are related to one another by the speed of travel of the wave, which
depends on the type of wave and the medium through which it is passing. In the time interval of
one period, a wave moves one wavelength. Therefore, the wavelength of a wave is the speed
multiplied by the period, A = ¢T. Using the relation that f = JT' the wavelength equation is very
often written in the following way.

Wavelength
The wavelength of a wave is equal to the velocity divided by the frequency.

)
A=y



WRITING PART

Q.1 Explain that a net force applied to an object causes the object to accelerate.Combine forces to
find the net force acting on an object.Relate the direction of the acceleration to the direction of the
net force.Apply Newton's Second Law to solve humerical problems. Student Textbook/ Figure:4

Pg:6-14

’

floor

F,=100N
L oy

F,=100N F, =100 N F, =100N F,=200N F,=100N

————

F,..=0N F...=200N

———

Equal forces Equal forces
Opposite directions Same direction Opposite directions

1. A skydiver falls downward through the air
at constant velocity. (The air exerts an
upward force on the person.)

———— ' d
-f '| { "" ; Fix rosistonce
| R an diver
\ ﬂ-% _,-"r"”l; a= U F net ™ 0
e -7y
System ; 'ﬁhrtll’n mass
ot divar

2. You hold a softball in the palm of your hand
and toss it up. Draw the diagrams while the
ball is still touching your hand.

Motion diagram Fraa-body diagram
Fhand on ball

o lfm.

on ball

tlmet

Unequal forces

Figure 4 The net force acting on the table is
the vector sum of all the forces acting on the
table. This case only considers the horizontal
forces acting on the table

After the softball leaves your hand, it nises,
slowing down.

Motion dagram Free=body diagram

timet E e Fm‘ lﬁ!an.h‘km

<n ball

After the softball reaches its maximum
height, it falls down, speeding up.

Motion diagram Free=body diagram

timet E fe Fm‘ l&aﬂh‘km

on ball



5. CHALLENGE You catch the ball in your
hand and bring it to rest.

Newton's second law states that the acceleration of an object is proportional to the net force and
inversely proportional to the mass of the object being accelerated. This law is based on observa-
tions of how forces affect masses and is represented by the following equation. Newton’s second
law accurately predicts changes in the motion of macroscopic objects.

Newton’s Second Law
The acceleration of an object is equal to the sum of the forces acting on the object divided
by the mass of the object.

f— net
a m

Solving problems using Newton’s second law One of the most important steps
in correctly applying Newton’s second law is determining the net force acting on the object.
Often, more than one force acts on an object, so you must add the force vectors to determine the
net force. Draw a free-body diagram showing the direction and relative strength of each force
acting on the system. Then, add the force vectors to find the net force. Next, use Newton'’s
second law to calculate the acceleration. Finally, if necessary, vou can use what you know about
accelerated motion to find the velocity or position of the object.

6. Two horizontal forces, 225 N and 165 N,
are exerted on a canoe. If these forces are
applied in the same direction, find the net
horizontal force on the canoe.

Fret =225 N + 165 N =3.90x102 N
in the direction of the two forces

7. If the same two forces as in the previous
problem are exerted on the canoe in
opposite directions, what is the net
horizontal force on the canoe? Be sure to
indicate the direction of the net force.

Fpet =225 N —165 N =6.0x10" N
in the direction of the larger force



8. CHALLENGE Three confused sled dogs
are trying to pull a sled across the Alaskan
snow. Alutia pulls east with a force of 35 N,
Seward also pulls east but with a force of
42 N, and big Kodiak pulls west with a
force of 53 N. What is the net force on the

EXAMPLE Problem 1 nd law

FIGHTING OVER A PILLOW Anudja is holding a pillow with a mass of 0.30 kg when Sarah decides gein
that she wants it and tries to pull it away from Anudja. If Sarah pulls horizontally on the pillow with a
force of 10.0 N and Anudja pulls with a horizontal force of 11.0 N, what is the horizontal acceleration

of the pillow? 1e sled

1 ANALYZE AND SKETCH THE PROBLEM
« Sketch the situation.

« |dentify the pillow as the system, and the direction in which
Anudja pulls as positive.

« Draw the free-body diagram. Label the forces.

KNOWN UNKNOWN

m = 0.30 kg o=7?

Fasmpons = ON Fsaran on pitow  Fanudja on pillow
F. =10.0N

Sarnh on plllow
2 SOLVE FOR THE UNKNOWN

Fnul i Fﬂnwy o0 pliow + (—FS.ih on D‘lv)
Use Newton's second law.

et

Q="
ses Famuomu-;-v 1 (—Fn-mmun-)
- m

= NON-100N Substitute F, e = TLON, F,,
0.30 kg ks ol b “

= 3.3 m/s?

a = 3.3 m/s? toward Anudja

.= 100N, m=030kg

o0 plo

3 EVALUATE THE ANSWER
+ Are the units correct? m/s? is the correct unit for acceleration.

+ Does the sign make sense? The acceleration is toward Anudja because Anudja is pulling toward
herself with a greater force than Sarah is pulling in the opposite direction.

+ Is the magnitude realistic? The net force is 1 N and the mass is 0.3 kg, so the acceleration is
realistic.



10.

A spring scale is used to exert a net force
of 2.7 N on a cart. If the cart's mass is
0.64 kg, what is the cart's acceleration?

F

et — iMa

a= net
m

_ 27N
0.64 kg
=4.2 m/s?

Kamaria is learning how to ice skate. She
wants her mother to pull her along so that
she has an acceleration of 0.80 m/s?. If
Kamaria's mass is 27.2 kg, with what force
does her mother need to pull her? (Neglect
any resistance between the ice and
Kamaria's skates.)

Fnet =ma = (27.2 kg)(0.80 m/s?) =22 N

1.

CHALLENGE Two horizontal forces are
exerted on a large crate. The first force is
317 N to the right. The second force is
173 N to the left.

a. Draw a force diagram for the horizontal
forces acting on the crate.

-l i o
Fieft on box Fright on box

b. What is the net force acting on the
crate?

'Fne‘l = right_'FIeﬂ
=317 N-173 N
=144 N



12.

Forces Identify each of the following as
either a, b, or ¢: mass, inertia, the push of
a hand, friction, air resistance, spring farce,
gravity, and acceleration.

a. acontact force

13.

Free-Body Diagram Draw a free-body
diagram of a bag of sugar being lifted by
your hand at an increasing speed.
Specifically identify the system. Use
subscripts to label all forces with their
agents. Remember to make the arrows the
correct lengths.

14.

Free-Body Diagram Draw a free-body
diagram of a water bucket being lifted by a
rope at a decreasing speed. Specifically
identify the system. Label all forces with
their agents and make the arrows the
correct lengths.

b. afield force
c. not a force

mass (c), inertia (c), push of a hand
(a), friction (a), air resistance (a),
spring force (a), gravity (b),
acceleration (c)

I"'I'lam:lcmbag
Frope on bucket
a=0 )
Sugar ’a
A
A
N Fi
\.7 it Earth’s mass on bag
System Flartn 's tanss on buckst

15. Critical Thinking A force of 1 N is the only horizontal force exerted on a block, and the horizontal
acceleration of the block is measured. When the same horizontal force is the only force exerted on a second
block, the horizontal acceleration is three times as large. What can you conclude about the masses of the

16.

17.

two blocks?

Answer: Because m = F/a and the forces are the same, the mass of the second block is one-third the mass of

the first.

You place a 4.0-kg watermelon on a spring
scale that measures in newtons. What is
the scale’s reading?

The scale reads the weight of the
watermelon:

Fy=mg=(4.0 kg)(9.8 N/kg) =39 N

You place a 22.50-kg television on a spring
scale. If the scale reads 235.2 N, what is
the gravitational field?

Fa=mg
F
9 m
_ 2352N
- 22.50kg
=10.5 N/kg

18.

19.

A 0.50-kg guinea pig is lifted up from the
ground. What is the smallest force needed
to lift it? Describe the particular motion
resulting from this minimum force.

Fiit= Fg,

—(0.50 kg)(9.8 N/kg)
—49N

It would move at a constant speed.

CHALLENGE A grocery sack can
withstand a maximum of 230 N before it
rips. Will a bag holding 15 kg of groceries
that is lifted from the checkout counter at
an acceleration of 7.0 m/s? hold?

Use Newton’s second law Fye = ma.
If Epag on groceries > 230 N, then the bag
rips.
Finet = Fhag on groceries + F
Fhag on groceries =Fa-F

= (15 kg)(7.0 m/s?)

— (15 kg)( 9.8 N/kg)

=105N+147N

=252N
The bag does not hold.



Q.2 Apply the relationships that relate the normal force to maximum static friction and to kinetic
friction to calculate unknown parameters like friction force, coefficient of friction or the normal
force.Solve problems related to friction. Student Textbook/ Example Problem:3 Pg:38 -40/41

Information from Pgs 38-40 is already summarized MCQ section.

EXAMPLE Problem 3

BALANCED FRICTION FORCES You push a 25.0-kg wooden box across a wooden floor at a constant
speed of 1.0 m/s. The coefficient of kinetic friction is 0.20. How large is the force that you exert on

the box?

1 ANALYZE AND SKETCH THE PROBLEM
« ldentify the forces, and establish a coordinate system.
« Draw a motion diagram indicating constant vand a = 0.
« Draw the free-body diagram.

Known Unknown
m = 25.0 kg v=10m/s B on o =8
a=00m/s? p =0.20

2 SOLVE FOR THE UNKNOWN

The normal force is in the y-direction, and the box does not
accelerate in that direction.

=-mg Substitute £ = —mg

+245 N

IZ\
F
‘ +
Begine—> ~—> —>
¢ i Fe A Fo
+y¢ a=0m/s Fig2ON '8
+x

—(25.0 kg)(—9.8 N/kg) Substitute m = 25.0 kg, g = —9.8 N/kg

The pushing force is in the x-direction; v is constant; thus the box does not accelerate.

Fpocsoncnbox = l“l'k FN

= (0.20)(245 N) Substitute g, = 0.20, F, = 245 N

=49N
F = 49 N, to the right

person on box

3 EVALUATE THE ANSWER
« Are the units correct? Force is measured in newtons.

+ Do the signs make sense? The positive sign agrees with the sketch.

« Is the magnitude realistic? The pushing force is % the weight of the box. This corresponds with

1
= 0.20 = 5

Q.3 Apply the relationships that relate the normal
force to maximum static friction and to kinetic
friction to calculate unknown parameters like
friction force, coefficient of friction or the normal
force.Solve problems related to friction.

Student Textbook/ Example Problem:3
Pg:38 - 40/41

Information from Pgs 55, 57 & 63 is already
summarized MCQ section.

Fon box by you — 3N Fon box by friend = —15N

Won box by you — 3J d=1m Won box by friend — -15J
_—

\1'

—

Fnolmal = mg
Wnom\.!l = o N
The total work done on the box is

W=F d—

da.
on box by you on box by friend



Q.4 Define periodic motion and the quantities associated with it like period, wave length and
amplitude.Relate the period of a wave to its frequency.Relate the wavelength of a wave to its speed
and frequency in a medium.Use the wave equation to solve related numerical problems.

Student Textbook/ Figure:10 Pg:98, 104-107/107

Information from Pgs 98, 104-107 is already summarized MCQ section.

Graphing waves If you took a snapshot of a transverse wave on a coiled spring toy, it might
look like one of the waves shown in Figure 9. This snapshot could be placed on a graph grid to
show more information about the wave, as in the left panel of Figure 10. Measuring from peak to
peak or trough to trough on such a snapshot provides the wavelength. Now consider recording
the motion of a single particle, such as point P in Figure 9. That motion can be plotted on a
displacement v. time graph, as in the graph on the right in Figure 10. Measuring from peak to
peak or trough to trough in this graph provides the wave’s period.

Displacement v. Distance from Source Displacement v. Time
A A
03+ 03+
—_ Wavelength s Period
£ 024 o E 02+
-
€ o -x /\ s 01+
£ o0 + } ; : —- E o0 : : —
V) 0.2 04 0.6 08 1.0 o 01 03 05
8 01+ T 014
o am”
R.02+ 0 -02+4
(a) - Wavelength "
=03 -03+
Distance from source (m) Time (s)

Figure 10 Graphing waves on different axes provides different kinds of information.
Determine the period of the wave shown in the displacement v. time graph.
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