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• Aristotle, the foremost Greek scientist, 
studied motion and divided it into 
two types: natural motion and violent 
motion. 

• Copernicus reasoned that the simplest 
way to interpret astronomical observa-
tions was to assume that Earth and the 
other planets move around the sun. 

• Galileo argued that only when friction 
is present-as it usually is-is a force 
needed to keep an object moving. 

• Newton's first law states that every object 
continues in a state of rest, or of uniform 
speed in a straight line, unless acted on by 
a nonzero net force. 

• The more mass an object has, the greater 
its inertia and the more force it takes to 
change its state of motion. 

• The law of inertia states that objects in 
motion remain in motion if no unbal-
anced forces act on them. 
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~ REVIEW 

Concept Su•••'Y • • • · · • 
• A vector quantity includes both mag~i-

tude and direction, but a scalar quantity 
includes only magnitude. 

• The resultant of two perpendicular vec-
tors is the diagonal of a rectangle con-
structed with the two vectors as sides. 

• The perpendicular components of a vec-
tor are independent of each other. 

• The horizontal component of motion 
for a projectile is just like the horizontal 
motion of a ball rolling freely along a 
level surface without friction. The vertical 
component of a projectile's velocity is like 
the motion for a freely falling object. 

• The downward motion of a horizontally 
launched projectile is the same as that of 
free fall. 

• The vertical distance a projectile falls 
below an im_aginary straight-line path in-
creases continually with time and is equal 
to 5t2 meters. 

Key Terms •••••• 
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celeration produced by a net force on 
an object is directly proportional to the 
magnitude of the net force, is in the same 
direction as the net force, and is inversely 
proportional to the mass of the object. 

• The force of friction between two sur-
faces depends on the kinds of material in 
contact and how much the surfaces are · 
pressed together. 

• For a constant force, an increase in the 
area of contact will result in a decrease in 
the pressure. 

• All freely falling objects fall with the same 
acceleration because the net force on an 
object is only its weight, and the ratio of 
weight to mass is the same for all objects. 

• The air resistance force on an object de-
pends on the object's speed and area. 



Cept summary •••••• 
co" force is always part of a mutual action 
• A •nvolves another force. 

that 1 
Newton's third law states, that whenever 

' . obJ·ect exerts a force on a second ob-
one d b' 1 . t the secon o Ject exerts an equa and 
Jee ' h fi b' opposite force on t e irst o Ject. 
To identify a pair of action-reaction 

• forces, first identify the interacting ob-
jects A and B, and if the action is A on B, 
the reaction is B on A. 

• A given force exerted on a small mass 
produces a greater acceleration than the 
same force exerted on a large mass. 

• Action and reaction forces do not cancel 
each other when either of the forces is 
external to the system being considered. 

• If the horse in the horse-cart system 
pushes on the ground with a greater force 
than it pulls on the cart, there is a net 
force on the horse, and the horse-cart 
system accelerates. 

' For every interaction between things, 
there is always a pair of oppositely direct-
ed forces that are equal in strength. 



._., ..... - -
, A 010vin~ ~bject can have a large mo-

men tum 1f 1t has a large mass, a high 
speed, or both. 

, The change in momentum depends on 
the force that acts and the length of time 
it acts. 

, The impulse required to bring an ob-
ject to a stop and then to "throw it back 
again" is greater than the impulse re-
quired merely to bring the object to a 
stop. 

• The law of conservation of momentum 
states that in th_e a.-bsence of an external 
force, the morne11tum of a system re-
mains unchanged. 

• Whenever objects collide in the absence · 
of external forces, the net momentum of 
both objects before collision equals the 
net momentum of both objects after col-
lision. 

• The vector sum of the momenta is the 
same before and after a collision. 



• • • • • • -s ......... ,, 
Co11cepl II an ob· 
. . a force acts o~ . on 

k
. done when . the d1rectl 

• Wor _1s b·ect moves in 
ject and the o J 
of the force. . 'd d by the time. 

l work d1v1 e • Power equa s . 1 energy are 
c f mechan1ca 

• The ~o iorms o otential energy, 
kinetic energy and P f tential energy are 

• Three examp~es o po hemical energy, 
elastic potential energy, 
and gravitational potential energy.. . 

· b ect 1s 
• The kinetic energy of a moving O J 

equal to the work done on it. 
• The work-energy theorem states that 

whenever work is done, energy changes. 
' 

• Energy cannot be created or destroyed. 
• A machine transfers energy from one 

place to another or transforms it from 
one form to another. 

• In a machine, some energy•is trans-
formed into atomic kinetic energy. 

• There is more energy stored in the mol-
e_cules in food than there is in the reac-
t~on products after the food is metabo-

• hzed. The energy difference sustains life. 
The sun supplies most of Earth' s energy. 



,, .. ,epl summary •••••• 
rwo types ~f circular motion are rotation 

• d revolution. 
all 

• tangential spee~ depends on rotational 
speed and the distance from the axis of 
rotation. 

• The centripetal force on an object de-
pends on the object's tangential speed, its 
mass, and the radius of its circular path. 

• The "centrifugal-force effect" is attributed 
not to any real force but to inertia-the 
tendency of the moving body to follow a 
straight-line path. 
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• Centrifugal force is an effect of rotation. 
It is not part of an interaction and there-
fore it cannot be a true force. 
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epl summary •• •••. 
,011' be highe! the temReratur~ of a substance, 
, f c. ter 1s the mot10n of its molecules. 

the ias . W}tell two substances are i_n thermal con-
, t heat flows from the higher-temperature 

tac , . h 1 substance mto t e ower-temperature one. 
wtien a thermometer is in contact with a 

• substance, heat flows between them until 
they have the same temperature. 

• When a substance takes in or gives off heat, 
its internal energy changes. 

• Heat transferred can be found by measuring 
the temperature change of a known mass of 
substance that absorbs the heat. 

• The capacity of a substance to store heat 
depends on its chemical composition. . 

• The property of water to resist changes in 
temperature improves the climate. 

• Most forms of matter expand when they are 
heated and contract when they are cooled. 

• ~t 0°C, ice is less dense than water, and so 
ice floats on water. 
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·• In conduction, collisions between parti-
cles transfer thermal energy, without any 
overall transfer of matter. 

• In convection, heat is transferred by 
movement of the hotter substance from 
one place to another. 

• In radiation, heat is transmitted in the 
form of radiant energy, or electromag-
netic waves. 

• All substances continuously emit .radiant 
energy in a mixture of wavelengths. 

• Good emitters of radiant energy are also 
good absorbers; poor emitters are poor 
absorbers. 

• The colder an object's surroundings, the 
faster the object will cool. 

• The near unanimous view of climate 
scientists is that human activity is a main 
driver of global warming and climate 
change. 

Key Terms • ••••• 



•• • • • • ,., ...... 0,1 
concepf . tottlS in a 

al motion of a . . . kinetic 
• As the therm oaches zero, the ro, and 

substance appr · .. approaches ze 
energy of the ato~:he substance ap~ 
the temperature o_ . 

P
roaches a Iower. hm1t. . . s states -.. - dyna:rn1c . 

• The first law of ther~~dded to .a system, 
that whenever heat is al amount of 
it transforms to an equ · 
some other form of energy. . . 

. · by adiabat1-
• When work is done on a gas .. ·• . . 

. · th gas gains 1n ter-cally compressing it, e · · . · · 
nal energy and becomes warmer. 

• The second law of thermodynamics 
states that heat will never of itself flow 
from a cold object to a hot object. 

• According to the-seco,nd law of thermo-
dynamics, no heat engine can convert all 
heat input to mechanical energy output. 

• Natural systems tend to proceed toward a 
state of greater disorder. 

• According to the second law of ther _ 
d 

. . mo 
. ynam1cs, m the long run, entropy always 
increases for natural processes. 


