
4 Newton's Second Law 
of Motion 

1 Efrain Lopez shows that when the forces on the blue block balance to zero, no accelera­
tion occurs. Z Wingsuit skydivers do what flying squirrels have always done, but faster. 
They jump from mountains or airplanes and after high terminal speeds use a parachute to 

safely land. J When Emily Abrams kicks the ball, it undergoes acceleration. 

G alileo introduced the concept of acceleration, 
the rate at which velocity changes with time­

a = !::.v!!::.t. But what produces acceleration? That 
question is answered in Newton's second law. It is force. 
(Newton himself dealt first with momentum and impulse, 
topics we address in Chapter 6, but nowadays we like to 
start with acceleration and force.) Newton's second law 
links these fundamental concepts of acceleration and force 
to one more profound concept, mass, as given by the 
famous equation, a = Flm. Interestingly, although Newton's 
insights of nature bloomed before he was 24 years of age, 
he was 42 when he included his three laws of motion in 
what is generally acknowledged as the greatest scientific 
book ever written, the Principia Mathematica Philosophiae 
Natura/is. He wrote the work in Latin and completed it in 

18 months. It appeared in print in 
1687, but it wasn't printed in 
English until1729, two years after 
his death. When asked how he was 
able to make so many discoveries, 
Newton replied that he found 
his solutions to problems not by 
sudden insight but by continually 
thinking very long and hard 
about them until he worked them 
out. We've treated his first law in 
Chapter 2, defined acceleration in 
Chapter 3, and in this chapter we 
combine what we've learned­
Newton's second law of motion. 

Isaac Newton 
(1642-1727) 
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FIGURE 4.1 

Kick the ball and it accelerates. 

TM 

PhysicsPiace.com 
Video 

Force Causes Acceleration 

Force of hand 
accelerates 
the brick 

Twice as much force 
produces twice as 
much acceleration 

Twice the force on 
twice the mass gives 
the same acceleration 

FIGURE 4.2 1 
1 Acceleration is directly proportional 
\_to force. 

FIGURE 4.3 

Friction results from the mutual con­
tact of irregularities in the surfaces of 
sliding objects. Even surfaces that 
appear to be smooth have irregular 
surfaces when viewed at the micro­
scopic level. 

• Force Causes Acceleration 

Consider a hockey puck at rest on ice. Apply a force, and it starts to move-it 
accelerates. When the hockey stick is no longer pushing it, the puck moves at 

constant velocity. Apply another force by striking the puck again, and again the 
motion changes. Applied force produces acceleration. 

Most often, the applied force is not the only force acting on an object. Other 
forces may act as well. Recall, from Chapter 2, that the combination of forces acting 
on an object is the net force. Acceleration depends on the net force. To increase the 
acceleration of an object, you must increase the net force acting on it. If }':OU double 
~t force on an object, its acceleration _sloubles: if you triple the net force, its 
acceleration triples; and so on. This makes good sense. We say an object's accelera­
tion is directly proportional to the net force acting on it. We write 

Acceleration ~ net force 

The symbol ~ stands for "is directly proportional to." That means, for instance, 
that if one doubles, the other also doubles. 

• 
1. You push on a crate that sits on a smooth floor, and it accelerates. If you 

apply four times the net force, how much greater will be the acceleration? 
2. If you push with the same increased force on the same crate, but it slides 

on a very rough floor, how will the acceleration compare with pushing the 
crate on a smooth floor? {Think before you read the answer below!} 

Check Your Answers 

1. It will have four times as much acceleration . 

2. It will have less acceleration because friction will reduce the net force. 

• Friction 

When surfaces slide or tend to slide over one another, a force of friction acts. 
When you apply a force to an object, friction usually reduces the net force 

and the resulting acceleration. Friction is caused by the irregularities in the surfaces 
in mutual contact, and it depends on the kinds of material and how much they are 
pressed together. Even surfaces that appear to be very smooth have microscopic 
irregularities that obstruct motion. Atoms cling together at many points of contact. 
When one object slides against another, it must either rise over the irregular bumps 
or else scrape atoms off. Either way requires force. 

The ~e is always in a · · osin motion. An 
o2k,ct sliding dow..JJ..an incline experiences nctiQD.-d.irected up the incline; an object 
that slides to the right experiences friction toward the left. Thus, if an object is to 
move at constant velocity, a force equal to the opposing force of friction must be 
applied so that the two forces exactly cancel each other. The zero net force then 
results in zero acceleration and constant velocity. 

No friction exists on a crate that sits at rest on a level floor. But, if you push the 
crate horizontally, you'll disturb the contact surfaces and friction is produced. How 
much? If the crate is still at rest, then the friction that opposes motion is just enough 
to cancel your push. If you push horizontally with, say, 70 newtons, friction builds 
up to become 70 newtons. If you push harder-say, 100 newtons-and the crate is 
on the verge of sliding, the friction between the crate and floor opposes your push 
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Air Resistance 

Push 

Friction 
Weight 

FIGURE 4 . 4 

The direction of the force of friction 
always opposes the direction of 
motion. (Left) Push the crate to the 
right, and friction acts toward the 
left. (Right) The sack falls downward, 
and air friction (air resistance) acts 
upward. (What is the acceleration of 
the sack when air resistance equals 
the sack's weight?) 

with 100 newtons. If 100 newtons is the most the surfaces can muster, then, when 
you push a bit harder, the clinging gives way and the crate slides. 1 PhysicsPiace.com 

Interestingly, the friction of sliding is somewhat less than the friction that builds 
up before sliding takes place. Physicists and engineers distinguish between static fric­
tion and slidin friction. For given surfaces, static friction is somewhat greater than 
sliding friction. If you push on a crate, it takes more force to get it going than it 
takes to keep it sliding. Before the time of antilock brake systems, slamming on the 
brakes of a car was quite problematic. When tires lock, they slide, providing less 
friction than if they are made to roll to a stop. A rolling tire does not slide along the 
road surface, and friction is static friction, with more grab than sliding friction. But 
once the tires start to slide, the frictional force is reduced-not a good thing. An 
antilock brake system keeps the tires below the threshold of breaking loose into a 
slide. 

It's also interesting that thelorce of friction does not depend on speed. A car 
skidding at low speed has approximately the same friction as the same car skidding 
at high speed. If the friction force of a crate that slides against a floor is 90 newtons 
at low speed, to a close approximation it is 90 newtons at a greater speed. It may be 
more when the crate is at rest and on the verge of sliding, but, once the crate is slid­
ing, the friction force remains approximately the same. 

Video 

Friction 

Tires have treads not to increase 
friction, but to displace and redi­
rect water from between the road 
surface and the underside of the 
tire. Many racing cars use tires 
without treads because they race 
on dry days. 

More interesting still, friction does_not depend on the area of contact. If you slide 
the crate on its smallest surface, all you do is concentrate the same weight on a oJf r(5:) JL' 
smaller area with the result that the friction is the same~ So those extra wide tire~ f\ 
you see on some cars provide no more friction than narrower tires . The wider tire 
simply spreads the weight of the car over more surface area to reduce heating and 
wear. Similarly, the friction between a truck and the ground is the same whether the 
truck has four tires or eighteen! More tires spread the load over more ground area 
and reduce the pressure per tire. Interestingly, ~topping dis.tance when brakes are 
applied is not affected by the number of tires. But the wear that tires experience very 
much depends on the number of tires. p'< 

Friction is not restricted to solids sliding over one another, Friction occurs also~" 
jp liquids and gasss, both of which are called~ (because they flow). Fluid 

friction occurs as an object pushes aside the ffi:i'ici"Tr is- moving through. Have you 
ever attempted a 100-m dash through waist-deep water? The frict ion of fluids is F 1 G u R E 4 • 5 
appreciable, even at low speeds. So unlike the friction between solid surfaces, fluid 

Friction berween the tire and the 
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friction depends on speed. A very common form of fluid friction for something 
moving through air is air resistance, also called air drag. You usually aren't aware of 
air resistance when walking or jogging, but you notice it at higher speeds when rid­
ing a bicycle or when skiing downhill. Air resistance increases with increasing speed. 

ground is nearly the same whether 
the tire is wide or narrow. The pur­
pose of the greater contact area is to 
reduce heating and wear. 

1Even though it may not seem so yet, most of rhe concepts in physics are not really complicated. But 

friction is different. Unlike most concepts in physics, it is a very complicated phenomenon. The findings 

are empirical (gained from a wide range of experiments) and rhe predictions approximate (also based on 

experiment). 
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The falling sack shown in Figure 4.4 will reach a constant velocity when air resist­
ance balances the sack's weight. 

• What net force does a sliding crate experience when you exert a force of 
110 N and friction between the crate and the floor is 100 N? 

Check Your Answer 

10 N in the direction of your push (110 N -100 N). 

• Mass and Weight 

The acceleration imparted to an object depends not only on app-li~ forces and 
friction forces but on the inertia of the object. How much inertia an object 

possesses depends on the amount of matter in the object-the more matter, the 
more inertia. In speaking of how much matter S<?mething has, we use the term mass. 
The greater the mass of an object, the greater its inertia. Mass is a -measure of the 
~rna oTa material ~t. - ~ 
~to our intuitive notion of weight. We casually say that some­
thing has a lot of matter if it weighs a lot. But there is a difference between mass and 
weight. We can define each as follows: ------

< 
Mass: The quantity of matter in an object. It is also the measure of the inertia 

.tYJ or sluggishness that an object exhibits in response to any effort made to start it, 
'\. stop it, or change its state of motion in any way. 

Weight: The force upon an object due to gravity. 

FIGURE 4.6 

An anvil in outer space-between 
Earth and the Moon, for example­
may be weightless, but it is not 
massless. 

In rhe abs!:'nce ~cceleration, m and wei ht are direct! ro_I?ortional to ep.ch 
o~ the mass of an object is douoleCl, its weig t IS so double ; i the mass is 
~d, the weight is halved. Because of this, mass and weight are often inter­
changed. Also, mass and weight are sometimes confused because it is customary to 
measure the quantity of matter in things (mass) by their gravitational attraction to 
Earth (weight) . But mass is more fundamental than weight; it is a fundamental 
quantity that completely escapes the notice of most people. 

There are times when weight corresponds to our unconscious notion of inertia. 
For example, if ou are tr ing to determine which of two smal ob'ectsjs thelleavier 
one, ou might sh e hem ack and fortfi m your hands or move them in some 
wa instead of lifting them. In doin so, you are~udging which of the two is more 
difficult to get.mov:ing, feeling which of the two is more resistant to a change in 
motion. You are really comparing the inertias of the objects. 

In the United States, the quantity of matter in an object is commonly described 
by the gravitational pull etweenit andEarth, or its weighto..,usually expressed in 
poun . n most of the world, however, the measure of matter is commonly 
expressed in a mass unit, the kilogram. At the surface of Earth, a brick with a mass 
of 1 kilogram weighs 2.2 pounds. In metric units, th it of force is the newton, 
which is equal to a little less than a quarter-pound (like the weight o a quarter-
pound hamburger after it is cooked). A 1-kilogram brick weighs about 10 newtons 

2 Weight and mass are directly proportional; weight = mg, where g is the constant of proportionality and 

has the value 10 N/kg (or more precisely, 9.8 N/kg). Equivalently, g is the acceleration due to gravity, 

10 m/s2 (the units N/kg are equivalent to m/s2
). In Chapter 9 we'll extend the definition of weight as the 

force that an object exerts on a supporting surface. 
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(more precisely, 9.8 N).3 Away from Earth's surface, where the influence of gravity is 
less, a 1-kilogram brick weighs less. It would also weigh less on the surface of planets 
with less gravity than Earth. On th~esn's wrface, for example, where the gravita­
tional force on things is only 116 as strong as on Earth, a 1-kilogram brick weighs 
~r 0.36 pounds). On p~ts with stronger gravi!Y, It would 
weigh more, jwt the mass of the brick is the same everywhere. I he brick offers the 
same resistance to speedingup or slowmg down tegardlesscff whether it's on Earth, 
on the Moon, or on any other body attracting it. In a drifting spaceship, where a 
scale with a brick on it reads zero, the brick still has mass. Even though it doesn't 
press down on the scale, the brick has the same resistance to a change in motion as it 
has on Earth. Just as much force would have to be exerted by an astronaut in the 
spaceship to shake it back and forth as would be required to shake it back and forth 
while on Earth. You'd have to provide the same amount of push to accelerate a huge 
truck to a given speed on a level surface on the Moon as on Earth. The difficulty of 
lifting it against gravity (weight) , however, is something else. Mass and weight are 
different from each other (Figure 4.7). 

A nice demonstration that distinguishes mass and weight is the massive ball sus­
pended on the string, shown by David Yee in the Chapter 2 opener photo, and in 
Figure 4.8 . The top string breaks when the lower string is pulled with a gradual 
increase in force, but the bottom string breaks when the lower string is jerked. 
Which of these cases illustrates the weight of the ball, and which illustrates the mass 
of the ball? Note that only the top string bears the weight of the ball. So, when the 
lower string is gradually pulled, the tension supplied by the pull is transmitted to 
the top string. The total tension in the top string is caused by the pull plus the 
weight of the ball. The top string breaks when the breaking point is reached. But, 
when the bottom string is jerked, the mass of the ball-its tendency to remain at 
rest-is responsible for the bottom string breaking. 

It is also easy to confuse mass and volume. When we think of a massive object, we 
often think of a big object. An object's size (Yolume) ,_however, is not necessaril~ a 
good way, to · udge its mass. Which is easier to get moving: a car battery or an empty 
cardboard box of the same size? So, we find that m~~her wlilight nor volume . 

• 
1. Does a 2-kg iron brick have twice as much inertia as a 1-kg iron brick? 

Twice as much mass ?Twice as much volume?Twice as much weight? 
2. Would it be easier to lift a cement truck on Earth's surface or to lift it on 

the Moon 's surface? 

Check Your Answers 

1. The answers to all parts are yes. 
2. A cement truck would be easier to lift on the Moon because the gravitational force 

is less on the Moon. When you lift an object, you are contending with the force of 
gravity (its weight). Although its mass is the same anywhere, its weight is only 1/6 
as much on the Moon, so only 1/6 as much effort is required to lift it there. To move 
it horizontally, however, you are not pushing against gravity. When mass is the 
only factor, equal forces will produce equal accelerations, whether the object is on 
Earth or the Moon. 

3So 2.2 lb equal 9.8 N, or 1 N is approximately equal to 0.22 lb-abour the weight of an apple. In the 

metric system it is customary to specify quantities of matter in units of mass (in grams or kilograms) and 

rarely in units of weight (in newtons) . In the United States and countries that use the British system of 

units, however, quantities of matter are customarily specified in units of weight (in pounds). (The British 

unit of mass, the slug, is not well known.) See Appendix A for more about systems of measurement. 

FIGURE 4.7 

The astronaut in space finds that it is 
just as difficult to shake the "weight­
less" anvil as it would be on Earth. If 
the anvil were more massive than the 
astronaut, which would shake 
more- the anvil or the astronaut? 

FIGURE 4.8 

Why will a slow, continuous increase 
in downward force break the string 
above the massive ball, while a sud­
den increase will break the lower 
string? 
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vY • Mass Resists Acceleration 

FIGURE 4.9 

INTERACTIVE FIGURE I • 

{ !he greater the mass, the greater t~~ 
~ce must be for a given acceleratio). 

Tutorial 

Newton's Second Law 

Video · 

Newton's Second Law 

When t wo th ings are directly pro­
portional to each other, as 
one increases, the other 
i'ncreases also. However, when 
two th ings are inversely propor­
tional to each other, as one 
increases, the other decreases. 

Push your friend on a skateboard and your friend accelerates·. Now push equally 
hard on an elephant on a skateboard and the acceleration is much less. You'll 

see that the amount of acceleration depends not only on the force but on the mass 
being pushed. The same force applied to rwice the mass produces half the accelera­
tion; for three times the mass, one-third the acceleration. We say that, for a given 
force, the acceleration produced is inversely proportional to the mass. That is, 

1 
Acceleration ~ - ­

mass 

By inversely we mean that the rwo values change in opposite directions. As the 
denominator increases, the whole quantity decreases. For example, the quantity 
1/100 is less than 1/10. 

FIGURE 4.10 

An enormous force is required to accelerate this three-story-high earth mover when it carries a 
typical 350-ton load. 

• Newton's Second Law of Motion 

Newton was the first to discover the relationship among three basic physical 
concepts-acceleration, force, and mass. He proposed one of the most 

portant rules of nature, his second law of motion. Newton's second law states 

T he acceleration of an object is directly proportional to the net force acting 
on the object, is in the direction of the net force, and is inversely proportional 
to the mass of the object. 

In summarized form, this is 

~ 
net force 

cceleration ~ ---­
mass 

We use the wiggly line ~ as a symbol meaning "is proportional to." We say that 
acceleration a is directly proportional to the overall net force F and inversely pro­
portional to the mass m. By this we mean that, ifF increases, a increases by the same 
factor (ifF doubles, a doubles); but if m increases, a decreases by the same factor (if 
m doubles, a is cut in half) . 

By using consistent units, such as pewtons frD for force, kilogramJJkg) for mass, 
and m~ (m/s2

) f~tion, the proportionality may be 
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expressed as an exact equation: 

Acceleration 
net force 

mass 

In its briefest form, where a is acceleration, Fner is net force, and m is mass, it becomes 

Fner 
a=-­

m 

An object is accelerated in the direction of the force acting on it. Applied in the 
direction of the object's motion, a force will increase the object's speed. Applied in 
the opposite direction, it will decrease the speed of the object. Applied at right 
angles, it will deflect the object. Any other direction of application will result in a 
combination of speed change and deflection. The acceleration of an object is always in 
the direction of the net force. 

• 

Force of hand 
accelerates 
the brick 

The same force 
accelerates 2 bricks 
has much 

3 bricks, h as 
much acceleration 

FIGURE 4.11 
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1. In the previous chapter, acceleration was defined to be the time rate of 
change of velocity; that is, a = (change in v) /time. Are we in this chapter 
saying that acceleration is instead the ratio of force to mass; that is, a = 

Fl m? Which is it? 

Acceleration is inversely proportional 
to mass. 

2. A jumbo jet cruises at constant velocity of 1000 km /h when the thrust­
ing force of its engines is a constant 10o,ooo N. What is the acceleration 
of the jet? What is the force of air resistance on the jet? 

Check Your Answers 

1. Acceleration is defined as the time rate of change of velocity an d is produced by a 
force. How much force/mass (the cause) determines the rate change in v/time 
(the effect). So whereas we defined acceleration in Chapter 3, in this chapter we 
define the terms that produce acceleration. 

2 . The acceleration is zero because the velocity is constant. Since the acceleration is 
zero, it follows from Newton's second law that the net force is zero, which means 
that the force of air drag must just equal the thrusting force of 10o,ooo N and act 
in the opposite direction . So the air drag on the jet is wo,ooo N. (Note that we 
don't need to know the velocity of the jet to answer this question. We need only to 
know that it is constant, our clue that a~celeration and therefore net force is zero.) 

• When Acceleration Is g-Free Fall 

Although Galileo introduced both the concepts of inertia and acceleration, and 
although he was the first to measure the acceleration of falling objects, he 

could not explain why objects of various masses fall with equal accelerations. 
Newton's second law provides the explanation. 

PhysicsPiace.com 
Video 

Free Fall Acceleration Explained 

,. 

.) 
i) .. 

~ow rha.W~.ing-ghj~Gt...a.EnMer~tes-toward Earth because_ill_rhe gravitational______ 
force of attractioiLhe%et>~ the object and Earth. When the force of gravity 
is the only force-that IS, when friction (such as air resistance) is negligible-we say 

F 
m = g 1.£ - g 2 m-

that the object is in a state of free fall. F 
1 

G u R E 4 • 1 2 
,_The grea~ef ~ss of an object, the greater is rhe gravi ratiou>~l force of attrac­

tion between it and Earth. The double brick in Figure 4.12, for example, has twice 
INTERACTIVE FIGURE ( " 

The ratio of weight (F) to mass (m) 
the gravitational attracfion of the single brick. Why, then, as Aristotle supposed, is the same for all objects in the same 
doesn't the double brick fall twice as fast? The answer is that the acceleration of an al h h 1 loc ity; ence, t eir acce erations 

~-o";'"':· "'c";t :-'=d~e~e~n~d~s~n~o~t~o~n~ly~o~n~t~h~e:_;:.fo~r~c~e-~in;;;-t~h~is~ca~s~ef, ..!t!c!.h:!::e_:w~ei~h~t~~b~u~t__.,a!!l~so~o~n~th~e:__a~r~e the same in the absence of air 
object's resistance to monon, Its inertia. Whereas a force produces an acceleration, resistance. 
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• We see in free fall that 
weight/mass = g. So we can say 
that weight = mg. 

~ = ~ 

__c=1T 
D 

FIGURE 4.13 

u 
F - 9 ;:n-

8 

The ratio of weight (F) to mass (m) is 
the same for the large rock and the 
small feather; similarly, the ratio of 
circumference (C) to diameter (D) is 
the same for the large and the small 
circle. 

When Galileo tried to explain 
why all objects fall with equal 
accelerations, wouldn't he have 
loved to know the rule a = Fl m? 

inertia is a resistance to acceleration. So twice the force exerted o twice the inertia 
produces the same acceleration as half the force exerted on half the inertia. Both 
accelerate equally. The acceleration due to gravity is symbolized by g. We use the 
symbol g, rather than a, to denote that acceleration is due to gravity alone. 

The ratio of weight to mass for freely falling objects equals a constant-g. This is 
similar to the cons,tant ratio of circumference to diameter for circles, which equals 
the constant 7t (Figure 4.13). 

We now understand that the acceleration of free fall is independent of an object's 
mass. A boulder 100 times more massive than a pebble falls with the same accelera­
tion as the pebble because, although the force on the boulder (its weight) is 
100 times greater than the force on the pebble, its resistance to a change in motion 
(its mass) is 100 times that of the pebble. The greater force offsets the equally 
greater mass. 

• In a vacuum, a coin and a feather fall at the same rate, side by side. Would 
it be correct to say that equal forces of gravity act on both the coin and 
the feather when in a vacuum? 

Check Your Answer 

No, no, no, a thousand times no! These objects accelerate equally not because the 

forces of gravity on them are equal, but because the ratios of their weights to their 
masses are equal. Although air resistance is not present in a vacuum, gravity is. 
(You'd know this if you stuck your hand into a vacuum chamber and the truck 

shown in Figure 4.10 rolled over it!) If you answered yes to this question, let this be 
a warning to be more careful when you think physics! 

When Acceleration Is Less Than g-Nonfree Fall 

Objects falling in a vacuum are one thing, but what of the practical cases of 
objects falling in air? Although a feather· and a coin will fall equally fast in a 

vacuum, they fall quite differently in air. How do Newton's laws apply to objects 
falling in air? The answer is that Newton's laws apply for all objects, whether freely 
falling or falling in the presence of resistive forces. The accelerations, however, are 
quite different for the two cases. The important thing to keep in mind is the idea of 
net force. In a vacuum or in cases in which air resistance can be neglected, the net 
force is the weight because it is the only force. In the presence of air resistance, how­
ever, the net force is less than the weight-it is the weight minus air drag, the force 
arising from air resistance. 4 

4In mathematical notation, 

Fnet mg- R 
a= - =---

m m 

where mg is the weight and R is the air resistance. Note that when R = mg, a = 0; then, with no accel­

eration, the object falls at constant velocity. With elementary algebra we can go another step and get 

Fnet mg- R R 
a=-;;;=-m--=g--;;; 

We see that the accelerarion a will always be less than g if air resistance R impedes falling. Only when 

R = 0 does a = g. 
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The force of air drag experienced by a falling object depends on two things. First, 
it depends on the frontal area of the falling object-that is, on the amount of air the 
object must plow through as it falls . Second, it depends on the speed of the falling 
object; the greater the speed, the greater the number of air molecules an object 
encounters per second and the greater the force of molecular impact. Air drag 
de ends on the size and the speed of a falling object. 

In some cases, air drag greatly affects falling; in other cases, it doesn't. Air drag 
is important for a falling feather. Because a feather has so much area for a · 
so lig t m esn't have to fall ve 
resistance cancels the downwar -actin weight. The net force on the feather is 
t ero an a ration terminates. When acceleration terminates, we say that 
the object has reached its terminal speed. If we are concerned with direction, 
Clown for falling objects, we say the object has reached its terminal velocity. The 
same idea applies to all objects falling in air. Consider skydiving. As a falling sky­
diver gains speed, air drag may finally build up until it equals the weight of the 
skydiver. If and when this happens, the net force becomes zero and the skydiver no 
longer accelerates; she has reached her terminal velocity. For a feather, terminal 
velocity is a few centimeters per second, whereas, for a skydiver, it is about 
200 kilometers per hour. A skydiver may vary this speed by varying position. 
Head or feet first is a way of encountering less air and thus less air drag and 
attaining maximum terminal velocity. A smaller terminal velocity is attained by 
spreading oneself out like a flying squirrel. 

Terminal velocities are very much less if the skydiver wears a wingsuit, as shown 
in the center opening photo at the beginning of this chapter. The wingsuit not 
only increases the frontal area of the diver, but provides a lift similar to. that 
achieved by flying squirrels when they fashion their bodies into "wings." This new 
and exhilarating sport, wingsuit flying, goes beyond what flying squirrels can 
accomplish, for a wingsuit flyer can achieve horizontal speeds of more than 
160 krn/h (100 mph). Looking more like flying bullets than flying squirrels, high­
performance wingsuits allow these "bird people" to glide with remarkable precision. 
To land safely, parachutes are deployed. Projects to land without a parachute, however, 
are underway. 

The large frontal area provided by a parachute produces low terminal speeds for 
safe landings. To understand the physics of a parachute, consider a man and 
woman parachuting together from the same altitude (Figure 4.15). Suppose that 
the man is twice as heavy as the woman and that their same-sized parachutes are 
initially opened. Having parachutes of the same size means that, at equal speeds, 
the air resistance is the same on both of them. Who reaches the ground first-the 
heavy man or the lighter woman? The answer is that the person who falls faster gets 
to the ground first-that is, the person with the greatest terminal speed. At first we 
might think that, because the parachutes are the same, the terminal speeds for each 
would be the same and, therefore, that both would reach the ground at the same 
time. This doesn't happen, however, because air drag depends on speed. Greater 
speed means greater force of air impact. The woman will reach her terminal speed 
when the air drag against her parachute equals her weight. When this occurs, the 
air drag against the parachute of the man will not yet equal his weight. He must 
fall faster than she does for the air drag to match his greater weight. 5 Terminal 
velocity is greater for the heavier person, with the result that the heavier person 
reaches the ground first. 

5Terminal speed for the twice-as-heavy man will be about 4 1% greater than the woman's terminal 

speed, because the retarding force of air resistance is proportional to speed squared. (vman21Vwoman2 = 

1.412 = 2.) 

PhysicsPiace.com 
Video 

Falling and Air Res istance 

mg 

FIGURE 4.14 

When weight mg is greater than air 
resistance R, the falling sack of mail 
accelerate~ At higher speeds, R 
increases. When R = mg, acceleration 
reaches zero, and the sack reaches its 
terminal velocity. 

Air Resistance 

Air Resistance 

1 

1 we;ght 
FIGURE 4.15 

t 

The heavier parachutist must fall 
faster than the lighter parachutist for 
air resistance to cancel his greater 
weight. 
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• Headfirst, with arms tucked in, 
skydivers can reach terminal 
speeds of about 180 km /h (110 mph). 
Terminal speeds are less with a 
wing suit, and greatly reduced with 
a parachute. 

FIGURE 4.16 

A stroboscopic study of a golf ball 
(left) and a Styrofoam ball (right) 
falling in air. The air resistance is neg­
ligible for the heavier golf ball, and 
its acceleration is nearly equal to g. 
Air resistance is not negligible for the 
lighter Styrofoam ball, which reaches 
its terminal velocity sooner. 

• Nellie Newton skydives from a high-flying helicopter. As she falls faster 
and faster through the air, does her acceleration increase, decrease, or 
remain the same? 

Check Your Answer 

Acceleration decreases because the net force on Nellie decreases. Net force is equal to 

her weight minus her air resistance, and since air resistance increases with increasing • 

speed, net force and hence acceleration decrease. By Newton's second law, 

fnet mg - R 
a =- = ---

m m 

where mg is her weight and R is the air resistance she encounters. As R increases, a 
decreases. Note that if she falls fast enough so that R = mg, a = o, then with no 

acceleration she falls at constant speed. 

Consider a pair of tennis balls, one a regular hollow ball and the other filled with iron 
pellets. Although they are the same size, the iron-filled ball is considerably heavier than 
the regular ball. If you hold them above your head and drop them simultaneously; you'll 
see that they strike the ground at about the same time. But if you drop them from a 
greater height-say, from the top of a building-you'll note the heavier ball strikes the 
ground first. Why? In the first case, the balls do not gain much speed in their short fall. 
The air dra,g they encounter is small compared with their weights, even for the regular 
ball. The tiny difference in their arrival time is not noticed. But, when they are dropped 
from a greater height, the greater speeds of fall are met with greater air resistance. At any 
given speed, each ball encounters the same air resistance because each has the same size. 
This same air resistance may be a lot compared with the weight of the lighter ball, but 
only a little compared with the weight of the heavier ball (like the parachutists in Figure 
4.15). For example, 1 N of air drag acting on a 2-N object will reduce its acceleration by 
half, but 1 N of air drag on a 200-N object will only slightly diminish its acceleration. 
So, even with equal air resistances, the accelerations of each are different. There is a moral 
to be learned here. Whenever you consider the acceleration of something, use the equa­
tion of Newton's second law to guide your thinking: The acceleration is equal to the ratio 
of net force to the mass. For the falling tennis balls, the net force on the hollow ball is 
appreciably reduced as air drag builds up, while the net force on the iron-filled ball is 
only slightly reduced. Acceleration decreases as net force decreases, which, in turn, 
decreases as air drag increases. If and when the air drag builds up to equal the weight of 
the falling object, then the net force becomes zero and acceleration terminates. 

SUMMARY OF TERMS 

Force Any influence that can cause an object to be accelerated, 
measured in newtons (or in pounds, in the British system). 

Friction The resistive force that opposes the motion or 
attempted motion of an object either past another object 
with which it is in contact or through a fluid. 

Mass The quantity of matter in an object. More specifically, it 
is the measure of the inertia or sluggishness that an object 
exhibits in response to any effort made to start it, stop it, 
deflect it, or change in any way its state of motion. 

We_ight The force due to gravity on an object (mg). 
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Volume The quantity of space an object occupies. 
Newton's second law The acceleration of an object is directly 

proportional to the net force acting on the object, is in 
the direction of the net force, and is inversely proportional 
to the mass of the object. 

Newton The SI unit of force. One newton (symbol N) is the 
force that will give an object of mass 1 kg an acceleration 
of 1 m/s2

• 

SUMMARY OF EQUATIONS 

Weight= mg 

. Fnet 
Acceleration: a = -­

m 

Force= ma 

REVIEW QUESTIONS 

Force Causes Acceleration 
1. Is acceleration proportional to net force, or does accelera­

tion equal net force? 

Friction 
2. How does friction affect the net force on an object? 
3. How great is the force of friction compared with your 

push on a crate that doesn't move on a level floor? 
4. As you increase your push, will friction on the crate 

increase also? 
5. Once the crate is sliding, how hard do you push to keep it 

moving at constant velocity? 
6. Which is normally greater, static friction or sliding fric­

tion on the same object? 
7. How does the force of friction for a sliding object vary 

wirh speed? 
8. Slide a block on its widest surface, then tip the block so it 

slides on its narrowest surface. In which case is friction 
greater? 

9. Does fluid friction vary wirh speed? With area of contact? 

Mass and Weight 
10. What relationship does mass have with inertia? 
11. What relationship does mass have with weight? 
12. Which is more fundamental, mass or weight? Which varies 

with location? 
13. Fill in the blanks: Shake something to and fro and you're 

measuring its ___ . Lift it against gravity and you're 
measuring its ___ . 

14. Fill in the blanks: The Standard International unit for 
mass is the . The Standard International unit for 
force is the 

15. What is the approximate weight of a quarter-pound ham-
burger after it is cooked? · 

16. What is the weight of a 1-kilogram brick? 
17. In the string-pull illustration in Figure 4.8, a gradual pull 

of the lower string results in the top string breaking. Does 
this illustrate the ball's weight or its mass? 

Kilogram The fundamental SI unit of mass. One kilogram 
(symbol kg) is the mass of 1liter (1 L) of water at 4 ca. 

Free fall Motion under the influence of gravitational pull 
only. 

Terminal speed The speed at which the acceleration of a 
falling object terminates because air resistance balances its 
weight. When direction is specified, then we speak of 
terminal velocity. 

18. In the string-pull illustration in Figure 4.8, a sharp jerk 
on the bottom string results in the bottom string break­
ing. Does this illustrate the ball's weight or its mass? 

19. Clearly distinguish among mass, weight, and volume. 
20. Is acceleration directly proportional to mass, or is it 

inversely proportional to mass? Give an example. 

Newton's Second Law of Motion 
21. State Newton's second law of motion. 
22. If we say that one quantity is directly proportional to 

another quantity, does this mean they are equal to each 
other? Explain briefly, using mass and weight as an 
-:xamoie. 

23. If the-net for ~e acting or, a <:liding block is somehow 
tripled, by how much doe, ''e., .- \e>ration increase? 

24. If ~he mass of a sLding blo · pk·:.. while a constant 
net f-1rce is aonl;o.J ' ,- mu, .1 does the acceleration 
decrea~. 

25. If the mas~ 0. 1 sliding block is : 
same time the net force on it is t 
resulting acceleration compare v, 
acceleration? 

26. How does the direction of accele; 
direction of the net force that pr 

When Acceleration Is g-fr 
27. What is meant by free fall? 

·ehow tripled at the 
\, how does the 
:1e original 

compare with the 
0 it? 

28. The ratio of circumference to u, :er for-all circles is 1t. 

r;-:J What is the ratio of force to mass 1 · freely falling bodies? 
\:7• Why doesn't a heary. object accelerate more than a light 

object when both are freely falling? 

When Acceleration Is Less Than g-Nonfree Fall 
30. What is the net force that acts on a 10-N freely falling 

object? 
31. What is the net force that acts on a 10-N falling object 

when it encounters 4 N of air resistance? 10 N of air 
resistance? 
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32. What two principal factors affect the force of air resist­
ance on a falling object? 

33. What is the acceleration of a falling object that has 
reached its terminal velocity? 

PROJECT 

1. Write a letter to Grandma, similar to the one of Project 1 in 
Chapter 3. Tell her that Galileo iruroduced the concepts of 
acceleration and inertia and was familiar with forces but didn't 
see the connection among these three cortcepts. Tell her how 
Isaac Newton did see the connection and how it explains why 
heavy and light objects in free fall gain the same speed in the 
same time. In this letter, it's okay to use an equation or two, as 
long as you make it clear to Grandma that an equatior; \s-a 
shorthand notation of ideas you've explained. 

2. Drop a sheet of paper and a coin at the same time. Which reaches 
the ground first? Why? Now crumple the paper into a small,_ tight 
wad and again drop it with the coin. Explain the difference , 
observed. Will they fall together if dropped from a second-, third-, 
or fourth-story window? Try it and explain your observations. 

3. Drop a book and a sheet of paper, and note that the ~ook has a 
greater acceleration-g. Place the paper beneath the book so 

PLUG AND CHUG 

Make these simple one-step calculations and familiarize yourself with 
the equations that link the concepts of force, mass, and acceleration. 

Weight= mg 

1. Calculate rhe weight in newtons of a person having a 
mass of 50 kg. 

2. Calculate the weight in newtons of a 2000-kg elephant. 
3. Calculate the weight in newtons of a 2.5-kg melon. What 

is its weight in pounds? 
4. An apple weighs about 1 N. What is its mass in 

kilograms? What is its weight in pounds? 
S. Susie Small finds that she weighs 300 N. Calculate her mass. 

• Fnet 
Acceleration: a = -­

m 
6. Calculate the acceleration of a 2000-kg, single-engine 

airplane just before takeoff when the thrust of its engine is 
500N. 

RANKING 

1. Boxes of various masses are on a friction-free, level table. 
From greatest to least, rank the 

(a)~ (b)~ 

(c)~(d)~ 

a. net forces on the boxes. 
b. accelerations of the boxes. 

34. Why does a heavy parachutist fall faster than a lighter 
parachutist who wears a parach,ute of the same size? 

35. If two objects having the same size fall through air at dif­
ferent speeds, which encounters the greater air resistance? 

that it -is fotced against the book as both fall, so both fall at g. 
How do the accelerations compare if you place the paper on top 
of the raised book and then drop both? You may be surprised, so 
try it and see. Then explain your observation. 

4. Drop two balls of different weight from the same height, and, at 
small speeds, they practically fall together. Will they roll together 
down the same inclined plane? If each is suspended from an 
equal length of string, making a pair of pendulums, and dis­
placed through the same angle, will they swing back and forth in 
unison? Try it and see; then explain using Newton's laws. 

5. The net force acting on an object and · ~ 
the resulting acceleration are always in (_' ' 
the same direction. You can demon- } 
strate this with a spool. If the spool is 
gently pulled horizontally to the right, 
in which direction will it roll? 

7. Calculate the acceleration of a 300,000-kg jumbo jet 
just before takeoff when the thrust on the aircraft is 
120,000 N. 

8. (a) Calculate the acceleration of a 2-kg block on a hori­
zontal friction-free air table when you exert a horizontal 
net force of20 N. (b) What acceleration occurs if the 
friction force is 4 N? 

Force = ma 

9. Calculate the horizontal force that must be applied to a 
1-kg puck to make it accelerate on a horizontal friction­
free air table with the same acceleration it would have if it 
were dropped and fell freely. 

10. Calculate the horizontal force that must be applied to 
produce an acceleration of 1.8 g for a 1.2-kg puck on a 
horizontal friction-free air table. 

2. In all three cases, A, B, and C, the crate is in equilibrium 
(no acceleration). From greatest to least, rank the amount 
of friction between the crate and the floor. 

V=O V= O v = 1 m/s 

A B c 
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3. Consider a 1 00-kg box of tools in the locations A, B, and 
C. From greatest to least, rank the 

Bc_j 
Moon 

Earth 

a. masses of the 1 00-kg box of tools. 
b. weights of the 100-kg box of tools. 

4. Three parachutists, A, B, and C, each have reached termi­
nal velocity at the same distance above the ground below. 

EXERCISES 

1. Can the velocity of an object reverse direction while 
maintaining a constant acceleration? If so, give an 
example; if not, provide an explanation. 

2. On a long alley, a bowling ball slows down as it rolls. Is 
any horizontal force acting on the ball? How do you 
know? 

3. Is it possible to move in a curved path in the absence of a 
force? Defend your answer. · 

- 4. An astronaut tosses a rock on the Moon. What force(s) 
act(s) on the rock during its curved path? 

5. Since an object weighs less on the surface of the Moon 
than on Ea_rth's surface, does it have less inertia on the 
Moon's surface? 

6. Which contains more apples, a 1-pound bag of apples on 
Earth or a 1-pound bag of apples on the Moon? Which 
contains more apples, a 1-kilogram bag of apples on 
Earth or a 1-kilogram bag of apples on the Moon? 

7. A crate remains at rest on a factory floor while you push 
' on it with a horizontal force F. How big is the friction 

force exerted on the crate by the floor? Explain. 
8. A 400-kg bear grasping a vertical tree slides down at con­

stant velocity. What is the friction force that acts on the 
bear? 

9. In an orbiting space shuttle, you are handed two identical 
boxes, one filled with sand and the other filled with feath­
ers. How can you determine which is which without 
opening the boxes? 

10. Your empty hand is not hurt when it bangs lightly against 
a wall. Why does it hurt if you're carrying a heavy load? 
Which of Newton's laws is most applicable here? 

11. Why is a massive cleaver more effective for chopping veg­
etables than an equally sharp knife? 

12. Does the mass of an astronaut change when he or she is 
visiting the International Space Station? Defend your 
answer. 

13. When a junked car is crushed into a compact cube, does 
its mass change? Its weight? Explain. 

14. Gravity on. the surface of the Moon is only 116 as strong 
as gravity on Earth. What is the weight of a 10-kg object 
on the Moon and on Earth? What is its mass on each? 

15. Does a dieting person more accurately lose mass or lose 
weight? 

16. What weight change occurs when your mass increases by 
2 kg? 

a. From fastest to slowest, rank the amount of their 
terminal velocities. 

b. From longest to shortest times, rank their order in 
reaching the ground. 

17. What is your own mass in kilograms? Your weight in 
newtons? 

18. A grocery bag can withstand 300 N of force before it rips 
apart. How many kilograms of apples can it safely hold? 

19. Consider a heavy crate resting on the bed of a flatbed 
truck. When the truck accelerates, the crate also acceler­
ates and remains in place. IdentifY the force that acceler­
ates the crate. 

20. Explain how Newton's first law of motion can be consid­
ered to be a consequence of Newton's second law. 

21. When a car is moving in reverse, backing from a drive­
way, the driver applies the brakes. In what direction is the 
car's acceleration? 

22. The auto in the sketch moves forward as the brakes are 
applied. A bystander says that during the interval of brak­
ing, the auto's velocity and acceleration are in opposite 
directions. Do you agree or disagree? 

23. Aristotle claimed that the speed of a falling object 
depends on its weight. We now know that objects in free 
fall, whatever their weights, undergo the same gain in 
speed. Why does weight not affect acceleration? 

24. When blocking in football, a defending lineman often 
attempts to get his body under the body of his opponent 
and push upward. What effect does this have on the friction 
force between the opposing lineman's feet and the ground? 

25. A race car travels along a raceway at a constant velocity of 
200 km/h. What horizontal net force acts on the car? 

26. Three identical blocks are pulled, as shown, on a horizon­
tal frictionless surface. If tension in the rope held by the 
hand is 30 N, what is the tension in the other ropes? 
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27. To pull a wagon across a lawn with constant velocity, you 
have to exert a steady force. Reconcile this fact with 
Newton's first law, which says that motion with constant 
velocity requires no force. 

28. Free fall is motion in which gravity is the only force 
acting. (a) Is a skydiver who has reached terminal speed in 
free fall? (b) Is a satellite above the atmosphere that ciljCles 
Earth in free fall? ' 

29. When a coin is tossed upward, what happens to its velocity 
while ascending? Its acceleration? (Neglect air resistance.) 

30. How much force acts on a tossed coin when it is halfway 
to its maximum height? How much force acts on it when 
it reaches its peak? (Neglect air resistance.) 

31. Sketch the path of a ball tossed vertically into the air. 
(Neglect air resistance.) Draw the ball halfway to the top, 
at the top, and halfway down to its starting point. Draw a 
force vector on the ball in all three positions. Is the vector 
the same or different in the three locations? Is the acceler­
ation the same or different in the three locations? 

32. As you leap upward in a standing jump, how does the force 
that you exert on the ground compare with your weight? 

33. When you jump vertically off the ground, what is your 
acceleration when you reach your highest point? 

34. What is the acceleration of a rock at the top of its trajec­
tory when it has been thrown straight upward? (Is your 
answer consistent with Newton's second law?) 

35. A common saying goes, "It's not the fall that hurts you; 
it's the sudden stop." Translate this into Newton's laws of 

p motion . 
. 36:JA friend says that, as long as a car is at rest, no forces act 
0 on it. What do you say if you're in the mood to correct 

the statement of your friend? 
31. When your car moves along the highway at constant 

velocity, the net force on it is zero. Why, then, do you 
have to keep running your engine? 

38. What is the net force on a 1-N apple when you hold it at 
rest above your head? What is the net force on it after you 
release it? 

39. A "shooting star" is usually a grain of sand from outer 
space that burns up and gives offlight as it enters the 

"-:J atmosphere. What exactly causes this burning? 

1 49. Does a stick of dynamite contain force? 
41. A parachutist, after opening her parachute, finds herself 

gently floating downward, no longer gaining speed. She 
feels the upward pull of the harness, while gravity pulls 
her down. Which of these two forces is greater? Or are 
they equal in magnitude? 

42. Does a falling object increase in speed if its acceleration of 
fall decreases? 

43. What is the net force acting on a 1-kg ball in free fall? 
44. What is the net force acting on a falling 1-kg ball if it 

encounters 2 N of air resistance? 
45. A friend says that, before the falling ball in the previous 

exercise reaches terminal velocity, it gains speed while 
acceleration decreases. Do you agree or disagree with your 
friend? Defend your answer. 

46. Why will a sheet of paper fall more slowly than one that is 
wadded into a ball? 

47. Upon which will air resistance be greater-a sheet of 
falling paper or the same paper wadded into a ball that 
falls at a faster terminal speed? (Careful!) 

48. Hold a Ping-Pong ball and a golf ball at arm's length and 
drop them simultaneously. You'll see them hit the floor at 

about the same time. But, if you drop them off the top of 
a high ladder, you'll see the golf ball hit first. What is your 
explanation? 

- 49. How does the force of gravity on a raindrop compare with 
the air drag it encounters when it falls at constant velocity? 

SO. If you hold your book horizontally with a piece of paper 
beneath it, then drop both, they fall together. Repeat, but 
this time place the paper on top of the book. Describe the 
motion of the paper relative to the book. (Try it and see!) 

51. When a parachutist opens her parachute after reaching 
terminal speed, in what direction does she accelerate? 

52. How does the terminal speed of a parachutist before 
opening a parachute compare to terminal speed after? 
Why is there a difference? 

53. How does the gravitational force on a falling body com­
pare with the air resistance it encounters before it reaches 
terminal velocity? Mter reaching terminal velocity? 

54. Why is it that a cat that accidentally falls from the top of a 
50-story building hits a safety net below no faster than if 
it fell from the twentieth story? 

55. Under what conditions would a metal sphere dropping 
through a viscous liquid be in equilibrium? 

56. When and if Galileo dropped two balls from the top of 
the Leaning Tower ofPisa, air resistance was not really 
negligible. Assuming that both balls were of the same size, 
one made of wood and one of metal, which ball actually 
struck the ground first? Why? 

57. If you drop a pair of tennis balls simultaneously from the 
top of a building, they will strike the ground at the same 
time. If you fill one of the balls with lead pellets and then 
drop them together, which one will hit the ground first? 
Which one will experience greater air resistance? Defend 
your answers. 

58. In the absence of air resistance, if a ball is thrown verti­
cally upward with a certain initial speed, on returning to 
its original level it will have the same speed. When air 
resistance is a factor, will the ball be moving faster, the 
same, or more slowly than its throwing speed when it gets 
back to the same level? Why? (Physicists often use a "prin-
ciple of exaggeration" to help them analyze a problem. · 
Consider the exaggerated case of a feather, not a ball, 
because the effect of air resistance on the feather is more 
pronounced and therefore easier to visualize.) 

59. If a ball is thrown vertically into the air in the presence of 
air resistance, would you expect the time during which it 
rises to be longer or shorter than the time during which it 
falls? (Again use the "principle of exaggeration.") 

60. Make up two multiple-choice questions that would check 
a classmate's understanding of the distinction between 
mass and weight. 
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PROBLEMS 

1. One pound is the same as 4.45 newtons. What is the 
weight in pounds of 1 newton? 

2. If your friend Katelyn weighs 500 N, what is her weight 
in pounds? 

3. Consider a 40-kg block of cement that is pulled sideways 
with a net force of200 N. Show that its acceleration is 
5 m/s2

• 

4. Consider a mass of 1 kg accelerated 1 m/s2 by a force of 
1 N. Show that the acceleration would be the same for a 
force of 2 N acting on 2 kg. 

5. Consider a business jet of mass 30,000 kg in takeoff when 
the thrust for each of two engines is 30,000 N. Show that 
its acceleration is 2 m/s2

• 

6. Leroy, who has a mass of 100 kg, is skateboarding at 
9.0 mls when he smacks into a brick wall and comes to a 
dead stop in 0.2 s. 
a. Show that his deceleration is 45 m/s2

. 

b. Show that the force of impact is 4500 N. (ouch!) 

CHAPTER 4 ONLINE RESOURCES 

Interactive Figures 

• 4.9, 4.12 

Tutorial 

• Newton's Second Law 

Videos 

• Force Causes Acceleration 
• Friction 

• 7 . A rock band's tour bus, mass M, is accelerating away _ 
from a STOP sign at rate a when a piece of heavy metal, 
mass M/6, fal ls onto the top of the bus and remains 
there. 
a. Show that the bus's acceleration is now ¥a. 
b. If the initial acceleration of the bus is 

1.2 m/s2, show that when the bus carries the heavy 
metal with it, the acceleration will be 1.0 m/s2

• 

Remember, review questions provide 
you with a self-check of whether or not 

you grasp the central ideas of the chapter. 
The exercises, rankings, and problems 
are extra "pushups" for you to try after 

you have at least a fair understanding of 
the chapter and can handle the 

review questions. 
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• Newton's Second Law 
• Free-Fall Acceleration Explained 
• Falling and Air Resistance 

Quizzes 

Flashcards 

Links 



~ Newton's Third Law 
of Motion 

1 Darlene Librero pulls with one finger; Paul Doherty pulls with both hands. Who exerts 
more force on the scale? 2 Does the racquet hit the ball or does the ball hit the racquet? 
Answer: The racquet cannot hit the ball unless the ball simultaneously hits the racquet­
that's the law! 3 Wife Lil and I demonstrate Newton's third law- that you cannot touch 
without being touched. 

When Isaac Newton was 26 years old he was 
appointed the Lucasian Professor of Mathe­

matics at Trinity College in Cambridge. He had 
personal conflicts with the religious positions of the 
College, namely questioning the idea of the Trinity as a 
foundational tenet of Christianity at that time. At the 
age of 46, his energies turned somewhat from 
science when he was elected to a 1-year term as a mem­
ber of Parliament. (At 57, he was elected to a second 
term.) In his two years in Parliament, he never gave a 
speech. One day he rose and the House fell silent to hear 
the great man. Newton's "speech" was very brief; he sim­
ply requested that a window be closed because of a draft. 

A further turn from his work in science was his 
appointment as warden, and then as master, of the mint. 
Newton resigned his professorship and directed his 
efforts toward greatly improving the workings of the 
mint, to the dismay of counterfeiters who were then 

flourishing. He maintained his membership in the 
Royal Society and at age 60 was elected president, then 
was reelected each year for the rest of his life. 

Although Newton's hair turned gray at age 30, it 
remained full, long, and wavy all his life, and, unlike 
others in his time, he did not wear a wig. He was a 
modest man, overly sensitive to criticism, and he never 
married. He remained healthy in body and mind into 
old age. At 80, he still had all his teeth, his eyesight and 
hearing were sharp, and his mind was alert. In his life­
time he was regarded by his countrymen as the greatest 
scientist who ever lived. In 1705, he was knighted by 
Queen Anne. Newton died at the age of 84 and was 
buried in Westminster Abbey along with England's 
monarchs and heroes. His laws of motion were all that 
was needed 242 years later to put. humans on the Moon. 
This chapter presents the third of his three laws of 
motion. 


