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Explain the law of universal gravitation and write it in equation form [F;,=G
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Example Problem (2) 175

3. | Calculate the orbital period of a satellite.
Check your Progress Q.8 172
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Explain Kepler's First Law which states that the planets follow elliptical paths with th
p p p ptical paths with the sun at one Student Book 165
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Define gravitational force as the force of attraction between two objects of given mass.
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6.

Identify work as a scalar quantity measured in N.m or Joule (]).
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hs about 1 N, so it
u lift an apple 1 m
Figure 1 Work s done when aforce s
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7. | llustrate when work is positive, negative or zero with suitable examples. e 189
Practice Problem (9) 193

force onl fhagggs !he\dgcvn’% The
net doesn't ange, so the ngﬂt side of

T i
10 =M, 1s zero. Therefore, the work

xerted at an angle, What work
an angle do? For example, what
shing the car in Figure 2 do?
be replaced by its components.
ite system shown in Figure 2, the
d in the direction of the person’s

rizontal component (F,) is
» of the applied force (F) by

an is equal to
of the
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Figure 2 Only the horizontal component of the force that the man
exerts on the car does work because the car's displacement is
forizontal.

=

F=125N

A

F, = Fcos 8. Thus, the work done is represented by the
following equation.

W=Fd n:us-B

EGet 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; (. Cxes (HY)
Ay

The equation above agrees with our expectations for
constant forces exerted in the direction of displacement
and for constant forces perpendicular to the displace- 5
ment. In the book bag example, # = 0° andeos0 =1:
Thus, W= Fd{1) = Fd, just as we found before. In the case
of the orbiting planet, # = 90" and cos 90° = 0. Thus,
W = Ed(0) = 0. This agrees with our previous conclusions,

Sailor dpes work on the boat.

Substitute F = 255 N, d = 30.0 m, 8= 250"

asured in joules.

e does work on the boat, which agrees with a positive
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L
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s 25.00 = 113 N. force and magnitude of displacement times the cosine W, ADDITIONAL £
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8.

Determine graphically the work done by a force from the area of force versus displacement graph.
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K €s change | anged
e ¥ n the last example, the force ch
rk done in each segment. But what if the force chang::ei: amore =

us displacement lets you determine the work done by a force. This graphical
m problems in which the force is changing, The left graph in Figure 4

y & constant force of 20.0 N that is exerted to lift an object 1.50 m.

force is represented by

W= Fd = (20.0N) (150 m) faﬁ.ﬁ n

rea under the left graph is also equal to (20.0 N)(1.50 m), or 30.0 J.
re-displacement graph is equal to the work done by that force.

. : L ; e
force changes. The right graph in Figure 4 shows the force exert
v from 0.0 to 20.0 N as it is compressed 1.50 m. The work done by the

e spring is the area under the graph, which is the area of a triangle,

= (12) (20.0N)(150 m) = 15.0].

v below when you solve problems related to work.

Cha
E,E_E'_Q_F_O_l'te Figure 4 The area under a foice-
200 displacemont graph is equal to the work.
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Apply the relationship between power, the work done by a force, and the time interval in which

At

Example Problem (3)
Practice Problem (17)
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that work is done (P = E]
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Substitute W = Fd cos 0" = Fd.
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of the force
3
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10.

Relate the rotational kinetic energy to the object’s moment of inertia and it's angular velocity:
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Relate the gravitational potential energy to the mass of th ' ' i
e object and its heigh
reference level (GPE=mgh) ] e mesar belowta

Example Problem (4)
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TIONAL e rack and hold
: ' ing ball from the storage e

e shoulder. The ME:GE::*Y et the floor and your shoulder | 112 mipbove

itup t0 your :

the floor.

patential energy

at your shoulder, what s the ball-Earth

ial energy relative to ck?
by gravity as you ball from

wz=fd , = 'I'ﬁﬂé Tzm
E PROBLEM
owing the gravitational =N
e reference level.

the system when the ball is at shoulder level.
‘Substitute m = 730 kg, g = 9.8 N/kg, h. = 112 m

hzhl-hl

al mz?‘sum'gﬂaaﬂmh;=‘uzm.h = 0.610m
15 81805 equal to the work done by you as you lifted the ball

ight o
THE
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12. | Apply the law of conservation of mechanical energy to solve problems (KE; + PE; = KEf + PEy).

Example Problem (5)
Check your Progress Q.51
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Define kinetic energy and apply the relationship between a particle’s kinetic energy, mass, and
13. speed (KE = %muz ). Student Book 200




Describe the relationship between the velocity of a fluid and the pressure it exerts according to Student Book 249-250
Bernoulli’s principle Check your Progress Q.38 251
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1) Recall Pascal’s principle.
(1) Recall Pascal’s principle Student Book ‘ 244 ‘

‘ 15. (2) Apply Pascal’s principle to hydraulic systems to solve problems.




(1) Apply the relationship between a force F and the work done on a system by the force when the
system undergoes a displacement d, W= |F| X |::E| cos(#) where @ is the angle between the
16 direction of the force and the direction of displacement.

PO (2) Apply the work-energy theorem to relate the net work done on a system and the resulting change
in kinetic energy

Example Problem (1)
Example Problem (2)
Practice Problem (11)
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EXAMPLE Problem 1
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above the starting po nt."_n" the climber is 8.2 m
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W ADDITIONAL PRACTICE

rnal world) d

965 %o-Co(5o) =11 2

) 13-kg
A bicycle rider pushes a 1
u';saile.ep hil. The incline ts 25 and the

picycle as shown In Figure 5. The rider

Corpryrrght © Mulisaw Bl Education

n " LY -
and th ha 11515152?5 21 t:fkegpnrnﬂel to the road with a force
4.¢ Nd the backpack? pus
HALLENGE M::sol PUshes a 3.0-kg box 7.0 m of 25 N  work daes the rider doon the bike?
sht:d-ru1hrce of vShe then ; muc Pl \he force of gravity
™ above the ground. How b, How much W
ol do on the b’ﬂﬁ?

gnthe _b“‘e'?

w=dF o Lm
1. mN -
r

“':'R b
- tnspire Physics. Student Edition AT
( 'I;—“'iT

PRACTICE Problems

10. A catamaran amass of 5.44x107 kg is
S\ e ot How much work is required
3 o speedfo 16 knols? (One knot =
-7 05ims) \‘“:0193?
1. A52.0-kg skater moves at 2.5 m/s and stops
' FOEtance of 24.0 nj. Find the skater's initial
of her kinetic energy is
other forms of energy by friction
much work must she do to

books to move to a shelf. You
* you could mave the books
al force applied and the

..'"."1. se, the work is the

different. Recall that

dis
gy hich energy
B ﬁ.e'_r;enlw ch energy

£ A comet with
L kg sikes Earth 2t 8 SPeeCCl
785x10" ?qﬂj the kinetic energy oine
250 ki B0 and compare the work that s
comet lﬁE’fﬂ"“nhs'm stopping the comet to the
@mﬂ of energy that was released by the

largest nuclear weapon ever exploded.

two forklifts in Figure 9. The left forklif

- s Joad in 5 seconds, and the right forklift raises
mses:: Joad in 10 seconds. The left forklift is more
pﬁi{ui than the right forklift. Even though the same
work is accomplished by both forklifts, the left forklif
accomplishes the work in less time and thus develops
more power.

Consider the

Power is measured in watts (W). One watt is 1 ] of
energy transformed in 1 . Thatis, 1 W 4‘- lrrsg- )
Sl
A watt 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
your mouth at a constant speed, you do 1 J of work. [f
youliftitin 15, you are doing work at the rate of 1 W.
Because a watt is such a small unit, power often is

Iu;;a;uﬁ;ed in kilowatts (kW). One kilowatt is equal to
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(1) Apply the law of conservation of mechanical energy to solve problems (KE; + PE; = KEf + PEf).

Example Problem (5)
(2) Apply the law of conservation of energy to examples like roller coaster rides, ski slopes, inclined

planes/ hills, and pendulums Practice Problem (41)
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¢. Dothe angles of the hills affect your
. I
in & belly-flop diving contest, the winner
& is the diver wha makes the biggest splash
upon hitting the water. The size of the splash
depends not only on the diver's style, but also
on the amount of Kinetic energy the diver has.
Consider a contest in which each diver jumps
from a 3,00-m piatform. One diver has a mass
of 136 kg and simply steps off the platform.
Another diver has a mass of 100 kg nmps
ypward from the platiorm. How mghm 2
the second diver have 1o leap to ma
mpetitive splash?
o The springina pinball machine
wsanwemgefnrce of 2 N on a 0.08-kg
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t 3 UNIO _ e
m: speed after leaving the spring? flgnore

table's tit)




18

(1) Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one
focus.

(2) Explain Kepler's Second Law which states that an imaginary line from the Sun to a planet sweeps
out equal areas in equal time intervals.

(3) Explain Kepler's Third Law which states that the square of the ratio of the periods of any two
planets revolving about the Sun is equal to the cube of the ratio of their average distances from

2 3
the Sun and write it in equation form [G—") = (:i) ]
B B

m1m2]

(4) Explain the law of universal gravitation and write it in equation form [EE,:G -
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(1) Calculate the orbital period of a satellite. Example Problem (2)

(2) Define pressure as the perpendicular component of a force on a surface divided by the area of the Check your Progress Q.8
Example Problem (1)

Practice Problem (3)

surface: (P - :F)

Inapire Physics 9-12 Student Edition -

km above s surface, Given
m, what are the sateliite’s
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(1) Calculate the orbital period of a satellite. Example Problem (2) 175

19 | (2) Define pressure as the perpendicular component of a force on a surface divided by the area of the Check your Progress Q.8 172
G ( p— f) Example Problem (1) 234

: Practice Problem (3) 235
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