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1.1 ZFRE-—5FEZE Newton’s First Law

U170 begin with, let’s consider what happens when the net force on a body is zero.
You would almost certainly agree that!*! if a body is at rest, and if no net force acts on it ( that
is, no net push or pull) , that body will remain at rest. (3] But what if there is zero net force
acting on a body in motion?

Suppose you slide a hockey puck along a horizontal table top, applying a horizontal force to it
with your hand (Fig.1 —1a). After you stop pushing, the puck does not continue to move indef-
initely ; it slows down and stops. To keep it moving, you have to keep pushing ( that is, applying
a force). You might come to the “common sense” conclusions that bodies in motion naturally
come to rest and that a force is required to sustain motion.

But now imagine pushing the puck across a smooth surface of ice (Fig.1 —1b). After you
quit pushing, the puck will slide a lot farther before it stops. Put it on an air-hockey table, where
it floats on a thin cushion of air, and it moves still farther (Fig.1 —1c¢). In each case, what slows
the puck down is friction, an interaction between the lower surface of the puck and the surface on
which it slides. Each surface exerts a frictional force on the puck that resists the puck’s motion;

the difference in the three cases is the magnitude of the frictional force.
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The tendency of a body to keep moving once it is set in motion results from a property called
inertia. You use inertia when you try to get ketchup out of a bottle by shaking it. First you start
the bottle (and the ketchup inside) moving forward; “]when you jerk the bottle back, the
ketchup tends to keep moving forward and, you hope, ends up on your burger. The tend-
ency of a body at rest to remain at rest is also due to inertia. You may have seen a tablecloth
yanked out from under the china without breaking anything. The force on the china isn’t great

enough to make it move appreciably during the short time it takes to pull the tablecloth away.

Fig.1-1 (a) Table: puck stops short. (b) Ice: puck slides further.  (c) Air-hockey table: puck slides even further.

When no net force acts on a body, the body either remains at rest or moves with constant
velocity in a straight line. Once a body has been set in motion, no net force is needed to keep it
moving. We now call this observation Newton’s first law of motion.

Newton’s first law of motion; A body acted on by no net force moves with constant velocity
(which may be zero) and zero acceleration.

It’s important to note that the net force is what matters in Newton’s first law. For example, a
physics book at rest on a horizontal table top has two forces acting on it: an upward supporting
force, or normal force, exerted by the table top and the downward force of the earth’s gravitational
attraction (a long-range force that acts even if the table top is elevated above the ground). The
upward push of the surface is just as great as the downward pull of gravity, so the net force acting
on the book (that is, the vector sum of the two forces) is zero. In agreement with Newton’s first
law, if the book is at rest on the table top, it remains at rest. The same principle applies to a
hockey puck sliding on a horizontal , frictionless surface : The vector sum of the upward push of the
surface and the downward pull of gravity is zero. Once the puck is in motion, it continues to move

with constant velocity because the net force acting on it is zero.
Inertial Frames of Reference

The concept of frame of reference is central to Newton’s laws of motion. Suppose you are in a
bus that is traveling on a straight road and speeding up. If you could stand in the aisle on roller
skates, you would start moving backward relative to the bus as the bus gains speed. If instead the
bus was slowing to a stop, you would start moving forward down the aisle. In either case, it looks
as though Newton’s first law is not obeyed; there is no net force acting on you, yet your velocity

changes. What’s wrong?
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The point is that the bus is accelerating with respect to the earth and is not a suitable frame of
reference for Newton’s first law. This law is valid in some frames of reference and is not valid in
others. A frame of reference in which Newton’s first law is valid is called an inertial frame of
reference. The earth is at least approximately an inertial frame of reference, but the bus is not.
(The earth is not a completely inertial frame, owing to the acceleration associated with its rotation
and its motion around the sun. These effects are quite small, however. ) Because Newton’s first
law is used to define what we mean by an inertial frame of reference, it is sometimes called the law
of inertia.

There is no single inertial frame of reference that is preferred over all others for formulating
Newton’s laws. If one frame is inertial, then every other frame moving relative to it with constant
velocity is also inertial. * Viewed in this light, the state of rest and the state of motion with
constant velocity are not very different; both occur when the vector sum of forces acting on the

body is zero.

1.2 %3F3F K New Words

hockey puck pKEK gravitational adj. TSI, 5| 119
friction n. PFEHE 1) elevate v. &7} ;25K
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velocity n. 3 JiF roller skate ¢ =78 vk 4
acceleration n. I3 obey v. <Y

exert v. Jiti L4 owing to i1 F

1.3 35T FFE Text Annotation

[1] To begin with, let’s consider what happens when the net force on a body is zero.
B, kAT S RIEYIA LG TR ER, 2k A4
net AN LI HANER, — 2R, TAE LA RS ; =2 % (neat)”, — N5
3, BT H AR A T 6B 34, 5 SeAasH 60 2 gross, R B
1. “K”
e. g. :a fishing net % ( 44 1id])
If the ball touches the net during a service in a game of tennis, you have to serve
again.
TE R ER HEFE R QSR & BR ) , WA 25T F B A 3R . (44 10))
How many fish did you net this afternoon?

SR FFRIT £ 807 (Fhid)



S HEFE U ERIFRBBRI A

(2]

»2. “WH(neat)”

e.g. : [ earn £ 5,000 gross, but my net income ( = income that is left after tax has been
paid) is about £ 2,000.
WA 5 000 Ze8% , HILAF A (BUS WA ) K22 2 000 %55,

if a body is at rest, and if no net force acts on it ( that is, no net push or pull) ,that body will

remain at rest.

WR—P R T RS BB & I T H B (BB HE sy ) B i 14

USSR | e

(3]

at rest #ab ik 8RR, X EME SR HIE”,
o1 ik, ANz
e. g. :My heartbeat is only 50 at rest.
RIS OBk A 50 /51
€2 X IET Y BRE
e. g. : Tom was a very troubled man, but he’s at rest now.
G Z K EZMERIN HBEMEZ R T .
@ 3. set/put sb. ’s mind at rest/ease 4H AAFFH.L>
e. g. : Mary phoned to say she had gone home safely, and that really put her mother’s mind at
rest.
TG RME L 2R K T, i S G AL T,
But what if there is zero net force acting on a body in motion?
{ERIRAE T sh o IR & N S R T, G R S (B RE?
zero & “ K" | B # I X A zeros K, zeroes, T vAZ T H & 38 X AR T $ % 5], zero &7 VAAE

H5id, ERAEAR", £FXEELZF A nought L 7“EK",

(4]

\ AN (AT

e. g. : The number one thousand is written with a one and 3 zeros/noughts.
BF10005K141F3 40,

\ Z (S50

e. g. : My chances of getting the job were zero ( =1 had no chance).
HARZRAN TP EES .

when you jerk the bottle back, the ketchup tends to keep moving forward and, you hope, ends

up on your burger.

PR [, i ) T AR SE [ ATz B, O B, IR BB A IR AE R

L T

end up 2 #3455, EAFL L FEMLERE N B FFHIBARAE 960 Sk,

e. g. : She fled with her children, moving from neighbour to neighbour and ending up in a
friend’s basement.
Wb A T8 E T, N — KB B 75 — K, SOk B — WA K1
=,

If you don’t know what you want, you might end up getting something you don’t want.
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R HGE B CEEM 4 ARATRES TSRS 2 H CAEE R,
[ 5] Viewed in this light, the state of rest and the state of motion with constant velocity are not very
different.
WX A B8, A T RS 3 B2 s RS MR8
in this light 42 , EA“HEAFT@B(HFAL AE)ME", light 9 FER S, RARG &
B R LR oI 2T, £ A & & R a particular perspective or aspect of a situ-
ation .,
1. EFA WS
e. g. :Although he saw it in a different light, he still did not understand.
BRI T —FAERXN(FY) (ERMAIR TR
»2. the light of your life
e. g. : the person you love most /K& Z KA A
»3. come to light B/~
e. g. : Fresh evidence has recently come to light which suggests that he didn’t in fact commit
the murder.
BoRT IR R B, SEbr EHBAE S SR
»4. cast/shed/throw light on sth. f#%
e. g. :As an economist, he was able to shed some light on the problem.
YER — B AT F 2K, M RERT X/~ IRl I L A
» 5. show someone in a bad light {§¥ A FHEFRENDIREA
EERX A A —AEME94215 in (the) light of, 3% 4235 & % A because of,
»6. in(the) light of = because of
e. g. :In the light of recent incidents, we are asking our customers to take particular care of

their personal belongings.

o TR, BATEB R ARl E BN A& 2,

1.4 % ERIRiZE Extended Reading

Newton’s Second Law

Newton’s first law tells us that when a body is acted on by zero net force, it moves with constant
velocity and zero acceleration. Suppose a hockey puck is sliding to the right on wet ice. There is neg-
ligible friction, so there are no horizontal forces acting on the puck; the downward force of gravity
and the upward normal force exerted by the ice surface sum to zero. So the net force acting on the
puck is zero, the puck has zero acceleration, and its velocity is constant.

But what happens when the net force is not zero? We apply a constant horizontal force to a slid-
ing puck in the same direction that the puck is moving. Then net force is constant and in the same
horizontal direction as velocity. We find that during the time the force is acting, the velocity of the

puck changes at a constant rate; that is, the puck moves with constant acceleration. The speed of the



TSR RTE I F 3 Bl R .

puck increases, so the acceleration is in the same direction as velocity and net force.

Newton’s second law of motion: If a net external force acts on a body, the body accelerates.
The direction of acceleration is the same as the direction of the net force. The mass of the body times
the acceleration of the body equals the net force vector.

In symbols ,

2 i" =ma (1-1)
The above equation has many practical applications. Youve actually been using it all your life
to measure your body’s acceleration. In your inner ear, microscopic hair cells sense the magnitude
and direction of the force that they must exert to cause small membranes to accelerate along with the
rest of your body. By Newton’s second law, the acceleration of the membranes—and hence that of
your body as a whole—is proportional to this force and has the same direction. In this way, you can
sense the magnitude and direction of your acceleration even with your eyes closed
Using Newton’s Second Law
First, the equation is a vector equation. Usually we will use it in component form , with a sep-

arate equation for each component of force and the corresponding acceleration ;

zFazm,a‘, ZF‘zma,, ZF__:ma: (1-2)

This set of component equations is equivalent to the single vector equation. Each component of
the net force equals the mass times the corresponding component of acceleration.

Second , the statement of Newton’s second law refers to external forces. By this we mean forces
exerted on the body by other bodies in its environment. It’s impossible for a body to affect its own mo-
tion by exerting a force on itself’; if it were possible, you could lift yourself to the ceiling by pulling
up on your belt)

Third, Eqgs. (1 =1) and (1 —2) are valid only when the mass m is constant. It’s easy to
think of systems whose masses change , such as a leaking tank truck , a rocket ship, or a moving rail-
road car being loaded with coal. But such systems are better handled by using the concept of momen-
tum.

Finally, Newton’s second law is valid only in inertial frames of reference , just like the first law.
Thus it is not valid in the reference frame of any accelerating vehicles; relative to any of these
Jframes, the passenger accelerates even though the net force on the passenger is zero. We will usually
assume that the earth is an adequate approximation to an inertial frame , although because of its ro-
tation and orbital motion it is not precisely inertial.

“Force of Acceleration” Does Not Exist

You must keep in mind that even though the vector ma is equal to the vector sum Z F of all the

Jforces acting on the body, the vector is not a force. Acceleration is a result of a nonzero net force; it
is not a force itself. It’s *common sense” to think that there is a * force of acceleration” that pushes
you back into your seat when your car accelerates forward from rest. But there is no such force; in-

stead , your inertia causes you to tend to stay at rest relative to the earth, and the car accelerates
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around you. The “common sense” confusion arises from trying to apply Newton’s second law where it
isn’t valid , in the non-inertial reference frame of an accelerating car. We will always examine mo-
tion relative to inertial frames of reference only.

Mass and Weight

One of the most familiar forces is the weight of a body, which is the gravitational force that the
earth exerts on the body. (If you are on another planet, your weight is the gravitational force that
planet exerts on you. ) Unfortunately, the terms mass and weight are often misused and interchanged
in everyday conversation. It is absolutely essential for you to understand clearly the distinctions be-
tween these two physical quantities. Mass characterizes the inertial properties of a body. Mass is what
keeps the china on the table when you yank the tablecloth out from under it. The greater the mass,
the greater the force needed to cause a given acceleration; this is reflected in Newton’s second law.

Weight , on the other hand, is a force exerted on a body by the pull of the earth. Mass and
weight are related . Bodies having large mass also have large weight. A large stone is hard to throw
because of its large mass, and hard to lift off the ground because of its large weight.

To understand the relationship between mass and weight , note that a freely falling body has an
acceleration of magnitude g. Newton’s second law tells us that a force must act to produce this accel-
eration. If a 1kg body falls with an acceleration of 9.8 m/s®, the required force has magnitude

F=ma=(1kg)(9.8m/s’) =9.8 kg - m/s’ =9.8 N.

We will use g = 9.80 m/s” for problems on the earth (or, if the other data in the problem are
given to only two significant figures, g = 9.8 m/s”). In fact, the value of g varies somewhat from
point to point on the earth’s surface , from about 9.78 to 9. 82 m/s”, because the earth is not perfect-
ly spherical and because of effects due to its rotation and orbital motion. At a point where g = 9. 80
m/s’ | the weight of a standard kilogram is G = 9. 80 N. At a different point, where g = 9.78
m/s”, the weight is G = 9.78 N but the mass is still 1 kg. The weight of a body varies from one lo-
cation to another; the mass does not.

The concept of mass plays two rather different roles in mechanics. The weight of a body ( the
gravitational force acting on it) is proportional to its mass; we call the property related to gravita-
tional interactions gravitational mass. On the other hand, we call the inertial property that appears
in Newton’s second law the inertial mass. If these two quantities were different, the acceleration due
to gravity might well be different for different bodies. However, extraordinarily precise experiments

have established that in fact the two are the same to a precision of better than one part in 10".

1.5 SRR E Usages and Expressions

I . # =3 i£ 3 Mathematical Expressions

2k K
a+b a plus b
a-b a minus b




