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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.
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Kepler found that the planets move [aster when they are closer 1o the
Sun and slower when they are farther away from the Sun. Kepler’s second
law states that an imaginary line from the Sun to a planet sweeps out
equal areas in equal time intervals, as illustrated in Figure 3.

[fd READING CHECK Compare the distances traveled from point 1 to point
2 and from point 6 to point 7 in Figure 3. Through which distance would
Earth be traveling fastest?

A period is the time it takes for one revolution of an orbiting body.
Kepler also discovered a mathematical relationship between periods of
planets and their mean distances away from the Sun.

11

(Mot Lo scale)

Figure 3 Kepler found that elliptical orbits
sweap out equal areas in equal time periods,

Explain why the equal time areas are
shapad differantly,




miyma

Explain the law of universal gravitation and write it in equation form [FQZG —]

P

Student Book

168

Define gravitational force as the force of attraction between two objects of given mass.

Student Book
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-

o-@

Grawitation Between objecls depands
on the preduct of he masses of e
ehpecis

e ©
@ -9

Tha grawttaticral farce betwaen abijocts
1 invessely proportional b 15e squane
of the distance betwieen tha abjecds.

Fgure 5 Mass and distzne affect tha
magniude af Che gravlalossl [eepe
bebaees oopcks.

Figure B This Is & grephical representation
of e inyerse sguars relobonshin

Inwersa Squars Law

BO

a0

40

Forca (M)

20

o.a
Distamce (M)

Newton’s Law of Universal Gravitation

In 1664, saac Newton began his stedies of planetary motion It has
been sald that seeing an apple L] made Newon sonder I the froe thar
caused the apple o fll mighr exrend o the Moon, or even beyend. He found
that the mugnimude of the foree {Fg) on a planet due oo the Sun varies
lnversely with the square of the distance [r) between the centers of the
planet and the Sun. That is, Fy |5 propordonal oo ;— The force (Fg) acts nu
the direction of the line connecting the centers of the two objects, as
shicrwm in Flgure 5.

The loree af attraction Between two objects must be proportional 1o the
objects’ masses and @ knowwn as the gravivarbonal force.

Mewton was confident that the same torce of attraction would act
between any two objects anywhere in the universe. He proposed the
law of universal grawvitation, which states that objects attract ocher
abiecie with a foree that ks proportioenal to the product of thelr masses and
invepsely proportional to the square of the distance berween them as
showt helow,

LAW OF UNIVERSAL GRAVITATION

The prawitatenal ferce is egual 1o the urbersal grayiabonal constant,
times the mass of abject 1, imes the mass of object 2, dhided by the
distnnce befwaen the cenlers af the olyacts, squarec

G2
Fg _T

According to Newton's equation, F is directly proportional to my and
my. [f the mass of a planet near the Sun doubles, the force of atraction
doubles Use the Connecting Math te Physics feature below to examine
how changing one varlable affects another. Figure 6 illustrates the inverse
squars relattonship graphically. The term G s the universal gravitacional
comstant and will be discussed in the next sections.

ISSRNESENEN 1o Hysics

Direct and Inverse Relationships MNewtor's law of aniversal
gravitation has both direct and inverss relationships.

Fy ™ mym; Fo ¢ _:7
Change Fesult Changs Fesult
2 2, 2 A
{amdm; 3, ar +
{2mgam;) 8, = s
e - ; "




Calculate the orbital period of a satellite.

Example Problem (2]
Check your Progress (.8

175
172

the satellite's orlital spoec and period?

I ANALYZE AND SKETCH THE PROBLEM

M SOLVE FOR ORBITAL SPEED AND PERIOD

r=f+rg
= 225105 m+ 6 38105 m = 6.60x105 m

Saolve for the spaed.
Gmg

= i

I

B \jqﬁ-.ﬁ?x‘en'" kg5 97102 k)
= EEDX10% m

= 7277107 m/s

Solve for the perlod.
= ,;'L
=i =

- ’“,{ [B.60x10° m)?
- (66710 " Nem kg 2}(5 97 %107 kg)

= 534x10% s

This is approximately 89 min, or 1.5 h,

I EVALUATE THE ANSWER

ORBITAL SPEED AND PERIOD Assume that a satelite orbits Earth 225 km above its surface.
Given that the mass of Earth i5 53710 kg and the radius of Earth is 6.38210% m, what are

o —
-
o b ®

Skelch the situaticn showing the heighl of the satellila’s orbil. ,.-‘”’ S-I'f'tﬂif-}"\‘
5
KNOWN UNKNOWN {' : T
h=226%105m v=7 |
= 638108 m T=% 11
M = 5.87x10% ky kY
G = &67%107" N-m?/kg? . Earth |y

Determine tha arbital radius by add:ng thae heigh! of the satellita's orbit to Earth’s radius.

o Subsliiute b= 225200 wandl v = B.38XIT m

o Sulpehiite § = BETRIT" Uowd e
me = SOTHN kg, and roe 6E0XI0

o Bubehiul v =6 BOXIT m, &= BETRITT Hend fh
avd ey = BITHIT ey

Are the units correct? The unit for speed I3 meters per second, and the unit for perled 15 seconds




Calculate the orbital period of a satellite,

Example Problem (2) 175
Check your Progress (.6 172

Neptune’s Orbital Period Neptune orbits the Sun at an
average distance given in Figure 10, which allows gases,
such as methane, to condense and form an atmosphere.
If the mass of the Sun is 1.99x103° kg, calculate the
period of Neptune’s orbit.

-

- ~
i N
7 \
4 \
/ \
/ S \
! \
| o \ e, (4.495x107m)’
: " Gm, (6.67 x10™" NLm’/kg” )(1.99 x10°kg)
i ; —5.20x10°s
‘\ -' — 5.20 X 109 S x 1 day — 6.02 * 104 da.ys
\ (Not to = 4.496x1p‘2 m 1 86,400 s
. Scale) b
N 7/
Y ”’
~ -~




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

Student Book 165

/ o Planet

Sun

(Not to scale)

Ellipse

Ty

Kepler’s Laws

[n 1600 Tycho moved to Prague where Johannes Kepler, a 29-year-old
German, became one of his assistants. Kepler analyzed Tycho's observations.
After Tycho's death in 1601, Kepler continued 1o study Tycho’s data and used
geometry and mathematics to explain the motion of the planets. After seven
vears of careful analysis of Tycho'’s data on Mars, Kepler discovered the laws
that describe the motion of every planet and satellite, natural or artificial
Here, the laws are presented in terms of planets.

Kepler’s first law states that the paths of the planets are ellipses,
with the Sun at one focus. An ellipse has two foci, as shown in Figure 2.
Although exaggerated ellipses are used in the diagrams, Earth’s actual
orbit is very nearly circular. You would not be able to distinguish it from a
circle visually.

Figure 2 The orbit of each planet is an
ellipse, with the Sun at one focus.



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

2y 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.

158 | (3 Explain Kepler's Third Law which states that the square of the ratico of the periods of any two

planets revolving about the Sun is equal to the cube of the ratio of their average distances from

the Sun and write it in equation form I[:—:)z = [3)3 .

Student Book

gt B G i) [acmad

T
- . . . . S - 1114 1y
(4) Explain the law of universal gravitation and write it in equation form | F, =6 ———
2
—
Figure 2 Trs ortis of gacs plamet 15 an Table 1 Solar System Data
wlipse. with the Sun &t one focus

Sun 6.96>90° 1.99 =10 -
Metcury 244x%° 3.30x10%3 579x10%
Venus 6.05x10% £87x10% T0Bx 0"
Earth 6.38x10¢ 5.97>10 150X W0"

Mol to scale] "
Mars 3.40x10* 642104 228x101
JupTer TI5%107 1.90% %77 778107
Ellipse
b Saburn 6.03x10" 5.69x10% 1.43x%0%
Uranus 256x10" 2.68x105 2.87% 0"
»
Kepler's Laws Meotione 2.485707 L02x10% 50509
In 1&00 Tyehe maved 1o Prague where Johannes Kepler, a 79-year-old - 2
German, becarme one of his assistants. Kepler analyzed Tychos ohservations Kepler's third law states thar the square of the ratio ol the periods of

Atver Techo's death m 1608, Kepler continued oo study Tyche's data and wsed
geometry and mathermatics to explain the mwotion of the plasets. Adter seven
wears of careful anahysis of Tyoho® data on Mars. Bepler discovered the [aws
that describs the motion of every planet and sareliive, narural or arcificial
Here, the lawes are presenbed in cerms of plasers

Keplar's First law states chat the paths of
with the 5un az one focus. An ellipse has two foci, as shown m Figure 2.
.~1|1I|r|',;g|1 [ r-gm-r.un.-l.l rlllrlu-s are used inothe .iiagm:n.:_ Earth™ acoual
orbit is very neardy circulae You woald not be zble vo distinguish it from a
circle \'l‘cl_l.-l.”:"

Eepler found that the planets move faster when they are closer wo the
sun and slowver when they are farther away from the Sun. Kepler's second
e stares that an imaginary line fram the Sun to a planer sweeps sur
prrated in Figure 3,

" j:ﬁ_:.—\-'!-: are :-||||us|-1,

equal areas in equal time intervals, as b

HEADING CHECK Compare the distances travebad from point 1 to galn
2 and Tram poiet & o point 7 in Figure 3, Through which distance wauld
Earth be travofing fastost?

A period is the dme it takes for one revobation of an orsting body
'Ke-p.ée'r alzo disvovered a2 mathermacical r|ﬂ|.'|:i|1'|-<|'||;:- T wrer ;:-e-rin-:l.: of
planecs and cheir mean distances away from the Son
11

B
5 i@ {hls e scale)

Figure 3 Kepleriound thet Slintical arhils
sausl areqs s equal Time perfods

Explaln why Lhe egual lise aicas aie

PhysicsLAB

MODELING ORBITS

What i= the shape of the orbits of
planets and satellites i the solar
system?

Figure 4 Hale-Bopp s & long-pariod comet,

with o period of 2400 years. Ths phato was
taken 0 1997 whee Hale op wes highly
visbie.

180 Chapter 7 » Cravtiation

any two planets revolving about the Sun is equal to the cube of the ratio
of thetr average distances from the Sun. Thus, if the periods of the
planets are 7T, and Ty and their average distances from the Sun are ry and
rz Kepler's third law can be expressed as follows

KEPLER'S THIRD LAW

The sqzare of the ratio of the period of planet A 10 the period of planet B =
equal to the cube of the ratic of e distarce between the centers of planet
A and the Sun o the dstance between the centers of planst B and the Sun

. \? r,\) :
Ta s
Note that Kepler's first two laws apply to each planet, moon, and satel

lite individually. The third law, however, relates the motion of two cbjects
d a single body. For example, it can be used to compare the planets’
from the Sun, shown in Table 1, to their pertods around the Sun.
It also can be used 1o compare distances and periods of the Moon and
aruficial satellites orbiting Earth

Comet periods Comets are classified as long period comets or shaort pert
od comests based on orbital periods. Long period comets have arbital pert
ods longer than 200 years and shortperiod comets have orbital periods
shorter than 200 years. Comet Hale-Bopp, shown in Figure 4, with a period
of approximately 2400 years, 15 an example of a long period comet. Comet
Halley, with a pertod of 76 years, 5 an example of a short-period comer
Camets also obey Kepler's laws. Unlike planets, however. comets have
highly elliptical orbits

Capagd © Valoow AUl Fluatins o phdnsSupavitvnt



(1} Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one
focus.
2y 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.
18 | 3y Explain Kepler's Third Law which states that the square of the ratio of the periods of any two Student Book 165-168
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 I[T—") = [3) ]
T T

4y Explain the law of universal gravitation and write it in equation form [F;. = %]

1.  If Ganymede, one of Jupiter's moons, has 4. Uranus requires 54 years to circle the Sun.

CALLISTO'S DISTANCE FROM JUPITER. Gailles measured i orbital rads of Jusilers a period of 7.15 days, how many units i its Find Uranus's average distance from the
moans using the diometer ol Jupder as a unil of measure. He faund that 1o, the closest 1 )

6. TheMoon has a period of 27.3 days and & mesn distance of 3.8=10% km from the
center of Earth.

moar to Jupitar, has a pericd of U8 days and 15 2.2 units from the cander of Juphar, 7 orbital radius? Use the information ﬂi'l'En in Sunasa m'.-IHjFIIE of Earth's average
Caliisto, ihe founh n from Jugiter, h ¢ 0T . Using the o i . . . .
b e o e s e o e e % Example Froblem 1. distance from the Sun. a. Use Kepler's laws to find the period of 8 satellite in orbit §.70=107 km from the

B ANALYZE AND SKETCH THE PROBLEM AT ' T 5 L (& rof Bt
® Skelch the ofits of loand Cafiste. / " 5 ? = ? ? = r_
& Label the foc ! L E ]
Kt el r, =342 units)’ 115 days Bl
To = 16,7 deys =7 18days [ Te
Ti= L& d
ppetippit = AT xAFunits’ =11 units PYPR
B SOLVE FOR CALLISTO'S DISTANCE FROM JUPITER - =7 !] -1
Saolve Kepier's thint law for o 2. Anasteroid revolves around the Sun with a %0 195 "
b = mean orbital radius twice that of Earth's. fu =T - [ ET0x10 ko7 3 days)
i = Fredict the period of the asteroid in Earth 3.9%10° km
et =gt m YEArs. 5. From Table 1 you can find that, on
."]j ki ST S e S - gversge, Mars is 1.52 fimes as far -HIE'?EEHJ days
fe= Yy T S - S N L . fram the Sun 2= Earth is. Predict .
fi ! £ [?j -[r—]’w-thr.-zn . . ) = 6151 0 days =83 min
.| R :]'M'I' e [ the time required for Mars to orbit
1|||,-..u uniis) | ey | the Sun in Earth days. . o .
” = LYz b. How far above Eardhvs surface is this satellite?
o 0 6107 urie? T. -l L Tt
=18 s fe [T_"I _[r_"j“hru_‘i_ﬁzft h =g —IE

Te [

W EVALUATE THE ANSWER
» Arpthe units correct? £ shoud Do In Galllea's uras, ke g

=5.Tileci0® m —6.38x1 0% m

1
[
o |,.:1

]’{1.0 yf -2.8y

= 15 18 magntude reslislic? The geriod & ldmper, 5o the ratius shoukd Be larger ThIJEI Tu - r_lj T: - 2] ﬂE mi
F,
A — | . . E
: 3. Venus has a peniod of revolution of 225 =3.2210% km
L It Ganymaeda, one of Jugiter's maans, nas & paricd of 33 caps, haw many wnits is 25 . -
orhital radass? Lisa tha infarmation geeen in Example 1 EEII'H"l days. FII'Id ‘thE dleE.I'IIZ‘E tEh"EEI:I H-IE 1.15& 355.;1 f . i . . .
Z. Ar asterosd tevalves srourntd the Sun with a mesn bR redils wice thet of Garth™, Sun and "{EI'IUE as a multiple of Earth's = T { ays 7. CHALLENGE UE-II'IE the data in the previous FII'thlEm for the FIEI'IDd and radius of
Fredict the period of 1he astercid in Earth years. average distance from the Sun. E bution of the Moon pI'EdID't what the mean distance from Earth's rwould b= for
3. ¥enus Mas & pericd of revalution of 22% Earth days. Find the distanca betweesn the Sun : . I . : .
aivd Varsis &5 8 mullple of EArIE aversgo distance om thi Sun [T'.' j [fw ]’ —.AEEx10days" an artificial satellite that has a period of exxactly 1.00 day.
4, Uranus reguircs 84 yoors 1o circle the Sim. Find Uroras's owemge distance from the T o -
Sun as & midilphe of Eanhvs avarage cistance frem Be Sun TL Te 'EBl‘-d-E!E T T
1] -]
5. Froen Table ¥ you can Fnd (hat, on avorace, Mars 5 152 Umes as Tar Bam Bo Sin g T_ - —
Earth i Predict she tine fequired for Mars ta orbit the Sin in Earth days r, 'r'._ M f“
B. Tne Moon has & paried of 27.3 days and & mean distance of 3Ex10% ke fran 15 censes — = F
o the center of Earth, Fe E

r, =3 Ll_, 3_9ux1{Fpu-n}’ 1.00days
T 2T.3days
—’.E.HEH‘H] km

=4.3210° km

& Use Kepler's laws o find the period of a salailile i orkdt 6.70x 50 km from tha
centar of Earth
b, How tar ghave Sarh's surtecs 1s thils sateliba?
7. CHALLEMSE Using the data in the previows protiam for ihe periad end radius af
rayahifan el e Maan, predal whal he mean gisiance rem Eacil'a eenber waulsd b
for an artificial satallite that has a pencd of exactly 1,00 day
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(1} Explain Kepler's First Law which states that the planets follow elliptical paths with the sun at one
focus.
2y 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.
3y 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 I[T—‘) = [i) ]
T T

m1mz]
rz

4y Explain the law of universal gravitation and write it in equation form [F;? =

Student Book
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Newton’s Law of Universal Gravitation

In 16646, Issac Newton began his studies of planetary motion. It has
been said thar geeing an apple [all made Newon wonder iF che foroe chan
caused the apple vo @Il mighn excend to the Moon, or even beyoad. He found

@ @

tha the mugnirude of the foree (Fg) on a planet due to che Sun varies
e____ — tnwersely with the square of the distance () between the centers of the

planet and the Sun That s, Fy is propordonal to ‘F The lorce (Fy) acts m

the direction of the line connecung the cenuers of the twe objecs; as
Grondtation Debween objects depenss showm in Flgure 5.

on the product of the masses of he The loree of attracticn Berween two objects mieet be proportienal 1o the
i objects’ masses and 5 known as the gravitatbonal force.

Mewton was confident thar the sarne force of attraction would ace
berween any two objects anywihere in che universe. He proposed the

law of universal gravitation, which states that objects artract ocher

| a_ -a obfecne with a force that B propoertional to the product of thels masses ansd
tnwersely propomienal 1o the square of the distance berween them as
showm belomw

@ @

Tha gresttazcnal farce benwnen abjeess
i inversely propokcnd! B e Squane

of the distance befwieen the abjecis.
|

.. -

Fgure 5 Mass and distance alfect tho
madnilude cf e gravilafossl e pe
Sebmees ohEciE.

Figure 8 This |s a grephical represeitation
of e inperse sguann relationship.

Inwersa Soquars Law
&0

L)

a0

Force (N)

20

0.5
Distamce (M)

LW OF UNIVERSAL GRAVITATION

The grawitational ferce is equal 16 the usiversal graviabonal constant,
times tha mass of anject 1, tmes the mass of object ¥, divideo by the
distance befwiaen the canbers of e obiacts, squarec

G4t a
Fq = R

According te Newton's equation, F is directly proportional to my and
mrg, If the mass of a planer near the Sum doubles, the force of atmaction
doubles Lkse the Connecting Math to Physics feature below to examine
henw changlng one varlable affects anothern Figure B il|lusttates the inverse
square relactonship graphically The vermm G s the universal gravitacional
comstant and will be discussed in the next sections.

Direct and Inverse Relationships Newtor's law of unvessal
gravitation has both direct and inverss relationships

Fy ™= mymy Fy :—‘,
Change Fesult . Changs Result
2mim; ' 2y ' 2r ' =5
{amde, . AFy . ar . %n
famamy) ' sy = #Fy
B in B -




Module 10:
Energy and Its
Conservation
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[dentify work as a scalar quantity measured in N.m or Joule (]). Student Book
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Work

Consider a force exerted on an object while the object moves a certain distance, such as the book

bag in Figure 1. There is a net force, so the object is accelerated, ¢ = %, and its velocity changes.
Recall from your study of motion that acceleration, velocity, and distance are related by the

equation 0" = v.* + 2ad. This can be rewritten as 2ad = v — . Replace a with the term % to
get E%Jd = p}?— v2 Multiplying both sides by % gives Fd = % mo?— %mvi?

The left side of the equation describes an action that was done to the system by the external
world. Recall that a system is the object or objects of interest and the external world is everything
else. A force (F) was exerted on a system while the point of contact moved. When a force is
applied through a displacement, work (W) is done on the system.

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

O Figure 1 Work is done when a force is
2l e applied through a displacement
, 6 G PR g P :
s b5 Identify another example of when a force
/ \‘ does work on an object
FJ‘ \ v
I
' F
1
i Sun \Tﬁ,
i
\ / !
\ Planet f-'
‘\. ¥
Y r
\ P
.
x 2

-
s - [Holio scala)

h-"-"—h--ll"'
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7. | lllustrate when work is positive, negative or zero with suitable examples.

Student Book 189

Practice Problem (9) 193

Work done by a constant force Inthe book
bag example, F 1s a constant force exerted in the
direction in which the object 1s moving In this case,
work (W) 1s the product of the force and the system's
displacement. That 1s,

W =Fd.

What happens 1f the exerted force Is perpendicular to
the directson of motson? For example, for a planet Ina
circular orbit, the force 1s always perpendxular to the
direction of motion, as shown in Figure 1. Recall that a
perpendicular force only changes the direction. The
speed of the planet doesn’t change, so the right stde of
the equatton, },mtf - *lmuf, 1s zero. Therefore, the work
done 1s also zero. :

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

The magnitude of the horizontal component (F) 1s
related to the magnitude of the applied force (F) by

cos 25.0° = ‘,-.‘ By solving for F_, you obtain
F = Foos 25.0" = (125 N) (cos 25.00 = 113N.
Using the same method, the vertical component 1s
F = —Fsin250°
F,= —(125N){sin 25.07) = —528 N.

The negattve sign shows that the force ts dowrmward.
Because the displacement 1s inthe x direction, only the
x-component does work. The y-component does no
work. The work you dowhen you exert a force on a
system at an angle to the direction of motton 1s equal to
the component of the force In the direction of the
displacement multiplied by the displacement.

The magnitude of the component (F, ) force acting in the
direction of displacement ts found by multiplying the
magnitude of force (F) by the cosine of the angle (8)
between the force and the direction of the displacement:

+y

Figure 2 Only the horizontal component of the force that the man
exerts on the car does wark because the car's displacement is
horzontal.

F, = F cos 8. Thus, the work done 1s represented by the
follow Ing equation.

Work

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

W ="Fdcos#

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

The equation above agrees with our expectations for
constant forces exerted In the directton of displacement
and for constant forces perpendicular to the displace-
ment. In the book bag example, # = 0"and cos 0" = 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 = Fil{0) = 0. This agrees with our previous conclusions.

Figure 5

9. CHALLENGE A bicycle rider pushes a 13-kg
bicycle up a steep hill. The incline is 25° and the
hill is 275 m long, as shown in Figure 5. The rider

pushes the bike parallel to the road with a force
of 25 N.

a. How much work does the rider do on the bike?

b. How much work is done by the force of gravity
on the bike?

a. How much work does the nder do on
the bike?

Force and displacement are in the
same direction.

W=Fd
=(25 N)(275 m) =6.9x10° J
b. How much work is done by the force of

gravity on the bike?

The force is downward (-90°), and
the displacement is 25° above the
horizontal or 115° from the force.

W = Fd cosf=mgd cos@

=(13 kg )(9-8 N/kg )(275 m )(cos115°)
=-15x10*J



Determine graphically the work done by a force from the area of force versus displacement graph. Student Book
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Figure 4 The area under a forca-

Constant Force 'Eltangmg Force displacement graph is equal to the work,

Force (M}
Farce [N)

oo 150 0.0 150
Displacement (m) Displacement (m)

Finding work done when forces change In the last example, the force changed but
we could determine the work done in each segment. But what if the force changes in a more
complicated way?

A graph of force versus displacement lets you determine the work done by a force. This graphical
method can be used Lo sobve problems in which the force is changing. The left graph in Figure 4
shows the work done by a constant force of 20.0 N that is exerted to ift an object 1.50 m.

The work done by this force is represented by

W=Fd= (200N )({1.50m)=130.0].

Note that the shaded area under the left graph is also equal to (20.0 N} (1.50 m}), or 30.0]J.
The area under a force-displacement graph is equal to the work done by that force.

This is true even if the force changes. The right graph in Figure 4 shows the force exerted by a
spring that varies linearly from 0.0 to 20.0 N as it is compressed 1.50 m. The work done by the
force that compressed the spring is the area under the graph, which is the area of a triangle,

(7) (base)altitude), or
W= (%) (200N)(1.50m) =15.0].

Use the problem-solving strategy below when you solve problems related to work.




Apply the relationship between power, the work done by a force, and the time interval in which Example Problem (3) 197
that work is done (P = E] Practice Problem (17) 197

POWER An electric motor lifts an elevator 9.00 m in 15.0 s by exerting an upward force of 1.20x10* N,

What power does the motor produce in kW?

17. An electric motor develops 65 kW of power as it
1 ANALYZE AND SKETCH THE PROBLEM

T lifts a loaded elevator 17.5 m in 35 s. How much
= - - - +
SIfetii:h t:hf&_ﬁrtuahc_n‘ﬁhcwmg the system as the elevator L A - force does the motor exert?
with its initial conditions. >
= Establish a coordinate system with up as positive. [ % S F
« Draw a vector diagram for the force and displacement.
Known Unknown
d=000m P=7 p_ W _Fd
t=150s t t
F=120%10¢ N MILEECS £ _Pt (65x10° W)(35 s)
2 SOLVE FOR THE UNKNOWN d 175 m
Use the definition of power. —1.3%x10° N
p=" -
S
= Substitute W= Fd cos 0° = Fd.
= t1.20x::::]ls?.ﬂ{] i Substitate F=120x10'MN. d=900m,t=160s.
=720 kW

3 EVALUATE THE ANSWER
= Are the units correct? Power is measurad in joules per second, or watts.

+ Does the sign make sense? The positive sign agrees with the upward direction of the force.



10.

Relate the rotational kinetic energy to the object’s moment of inertia and it's angular velocity:

- 1
[ﬁlmmtz’una! = E[mg ]

Student Book
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Diver has translational and

Figure 14 The diving board does work on the

diver. This work increases the diver's kinetic

rotational kinetic energy.
energy.

Diver has translational
kinetic energy.

Diving board
does work on diver.

Rotational kinetic energy If you spin a toy top in one spot, you might say that it does

not have kinetic energy because the top does not change its position. However, to make the
top rotate, vou had to do work on it. The top has rotational Kinetic energy, which is energy

due to rotational motion. Rotational kinetic energy can be calculated using KEWL = 5 [w?, where

[ is the object’s moment of inertia and w is the object’s angular velocity.

In Figure 14, the diving board does work on a diver, transferring translational and rotational

kinetic energy to the diver. Her center of mass moves as she leaps, so she has translational kinetic

energy. She rotates about her center of mass, so she has rotational kinetic energy. When she slices

into the water, she has mostly translational kinetic energy.




11,

Relate the gravitational potential energy to the mass of the object and its height above or below a

reference level (GPE=mgh)

Example Problem (4)

204

EXAMPLE Problem

GRAVITATIONAL POTENTIAL ENERGY You lift a ¥.30-kg bowling ball from the storage rack and hold

it up to your shoulder. The storage rack is 0.610 m above the fioor and your shoulder is 112 m above

the floor

a. Whien the bowling ball is at your shoulder, what is the ball-Earth
system's gravitational potential energy relative to the floor?

b. When the bowling ball is at your shoulder, what is the ball-Earth
system's gravitational potential energy relative to the rack?

c. How much work was done by gravity as you lifted the ball from
the rack to shoulder level?

1 ANALYZE AND SKETCH THE PROBLEM
= Shetch the situation.
= Choose a reference level.

= Draw an energy bar diagram showing the grawtational
potential energy with the floor as the reference lewvel.

Known Unknawn GPE, i

m= T30 kg g =58 MNkg e =7

h. = DEI0 m frack relative to the floor) GPE =7 = -
h, =112 m {shoulder relative to the floar) W=7

2 S50OLVE FOR THE UNKMNOWN

a. Set the reference level to be at the floorn
Cetarmine the gravitational potential energy of the system when the ball is at shoulder level.
GPE_ .= mgh, = (730 kg}{9.8 N/kg} {112 m) Substitute m= T30 kg, g =98 Nkg, h, = 112 m

= B.0x1]

b. Set the reference level to be at the rack height.
Determine the height of your shoulder relative to the rack.
fr=h =
Dietermine the gravitational potential energy of the
systemn when the ball is at shoulder level

GPE = mgh =mgih,— k) Substibwte fi = b, — h
= (730 kog) (B8 Nfkg) {112 m — 0610 m) Substitte m =730 ko, g = 9.8 Nkg i =112 m i = 0510m
=361 Thi= alsa is equal to the work done by you as you lifted the ball

c. The work done by gravity is the weight of the ball
times the distance the ball was lifted.

W= d=—imgjh=—{mg)ih, — &,] Tha weight opposes the: moticn of lifting, so the work & negative.
= — [7.30 k) {98 Nikg) {112 m — 0610 m) Substitute m = 730 ko, g = 0.8 Nkg, i, =112 m & = 0E10m
=—35J




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

Example Problem (5) 212
Check your Progress Q.51 217

COMNSERVATION OF MECHANICAL EMERGY A 23.0-kq tree limb is 13.3 m above
the ground. During a tropical storm. it falls on a roof that is 6.0 m above the ground.

a. Find the kinetic energy of the limb when it reaches the
rocf. Assume that the air does no work on the tree limb.

b. What is the limb's speed when it reaches the roof?
1 AMALYZE AND SKETCH THE PROBLEM = 155 m

= Sketch the initial and final conditions. “.1

= Choose a reference level
&0m

» Diraw an energy bar diagram.
Known Unknown
m=220ky g =98Nk GPE =7 KE =7

]
i

f.=B3m w =00ms GPE—7 v,
h,=60m KE=00I.
2 SOLVE FOR THE UNKMNCWMN
a. Set the reference level as the height of the roof
Find the initial height of the imb relative to the roof
h=h__—h _ ,=B3m—=60m=33m Substite i =133mh_ =60m
Determine the initial gravitational potential energy of the imb-Earth system.
GFE = mgh = [22.0 kg) (9.8 Nikg| (7.3 m) Substite m=2320kg, g=98Nkg. h=73m
= LEx 107 4
Identify the initial kinetic energy of the system.
KE=001 The tree imb 15 initiaily &t rest
Identify the final potential energy of the system.
GFE =004 tr= 00 m & the roat.
Use the law of conservation of energy to find KE,
KE + GFE = KE + GPE
KE =KE + GPE — GPE,

=001+ 16X10*] —00] Substitite KE = 0.0 |, GPE = 16x 30" | and GPE =00 1

= LEx107
b. Determine the speed of the limb.

=12
KE =5 my;

ZKE, HLERID J) e . =
W= ?' = 337G Substihde KE = 16x 107 1. m = 220 kg

=12 mis

51. Energy In Figure 27, a 36.0 kg
child slides down a
playground slide. At the
bottom, she is moving
at 3.0 m/s. How much
energy was trans-
formed by friction as
she slid down the slide?

2.5

Figure 27

Ei=mgh
= (36.0 kg)(9.8 N/kg)(2.5 m)
=880 J

E:= 1mv3
2

_ % (36.0 kg) (3.0 m/s)?

=160J
W-=AKE-=880J-160J
=720J



13.

Define kinetic energy and apply the relationship between a particle’s kinetic energy, mass, and

speed (KE = ifmu2 ).

Student Book
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Translational and Rotational Kinetic Energy

In the examples we have considered so far, moving objects that were changing position
had kinetic energy (‘11 mvl) due to their motion. What about energy due to an object’s
changing position?

Translational kinetic energy Energy due to changing position is called
translational kinetic energy and can be represented by the following equation.

Translational Kinetic Energy

A system’s translational kinetic energy is equal to one-half times the system’s mass multiplied by
the system’s speed squared.

o e
KE =5 mv

trans

Translational kinetic energy is proportional to the object’s mass. For example, a 7.26-kg bowling
ball thrown through the air has more translational kinetic energy than a (.148-kg baseball, like
the one shown in Figure 13, moving with the same speed.

An object’s translational kinetic energy is also proportional to the square of the object’s speed. A car
moving at 20 m/s has four times the translational kinetic energy of the same car moving at 10 m/s.

Figure 13 A baseball has less translational
kinetic energy than a bowling ball moving with
the same speed.

=7

@ Get It?

Explain Using the equation for translational kinetic energy, show why a car moving at
20 m/s has four times the translational kinetic energy of the same car moving at 10 m/s.




=
(1) Apply the relationship between a force F and the work done on a system by the force when the

. + + . Example Problem (1) 192
system undergoes a displacement d , W = |F| x | r:i| cos(8) where 8 is the angle between the

16 direction of the force and the direction of displacement. Example Problem (2) 193

1) Apply the work-energy theorem to relate the net work done on a system and the resulting change Practice Problem (11) 196

in kinetic energy

WORK A hockey player uses a stick to apply a constant 4.50-N force forward to a 105-g puck sliding FORCE AND DISPLACEMENT AT AN ANGLE A sailor pulls a boat a distance of 30.0 m along a dock
on ice over a displacement of 0.150 m forward. How much work does the stick do on the puck? using a rope that makes a 25.0° angle with the horizontal. How much work does the rope do on the
Assume friction Is negligibie, boat if its tension is 255 N7

1 ANALYZE AND SKETCH THE PROBLEM 1 ANALYZE AND SKETCH THE PROBLEM

« |dentify the system and the force doing work on it — 1 System; hogkey puck « Identify the systar and the force doing work on it +y 5\*_;:1;2{?: boar
» Sketch the situation showing initial conditions. P LS " i
t 4 = Establish coordinate axes.
- Establish a coordinate system with +x to the right. —_ F
— : - « Sketch the situation showing the boat with initial
+ Draw a vector diagram. L : 7 coniiiong
ﬁn_DTSS ;nfn?nwn A ; -------- > + Draw vectors showing the displacement, the force, and
= o its component in the direction of the displacement.
F=450N Player does work on hockey puck. Krown Unknown
d= 0150 = = o s
& Sl E St W=y Sailoy does work on the boat.
=0 d=300m

2 SOLVE FOR THE UNKNOWN 2 SOLVE FOR THE UNKNOWN

s fEdenmm e wark Use the definition of worlk,
W=Fdcos @
W=Fdcos @
= (450 N){0150 m)(cos 8) Substitute F= 450N, d = 0450 m, cos f= cos 0" =1,
= (255 N)(20.0 m)(cos 25.0°) Substitute F= 255N, d = 300 m, 8= 25.0°.
=(0.675 N-m
= 6.A3x107 J
=06754 fl=1Nm

3 EVALUATE THE ANSWER
« Are the units correct? Work is measured in joules.

+ Does the sign make sense? The stick (external world) does work on the puck (the system), so the
sign of work should be positive.



=
(1) Apply the relationship between a force F and the work done on a system by the force when the
. = 5 . Example Problem (1) 192
system undergoes a displacement d , W = |F | b | d| cos(8) where 6 is the angle between the
16 direction of the force and the direction of displacement. Example Problem (2) 193
(2) Apply the work-energy theorem to relate the net work done on a system and the resulting change Practice Problem (11) 196
in kinetic energy
While stopping:
Etra'lEﬁ:rrrned = Ei _Ef = IK'Ei -0
1 2
=—mv.
2 1
1 2
=—(52.0kg)(2.5 m/s)
11. A 52.0-kg skater moves at 2.5 m/s and stops 2
=160J

over a distance of 24.0 m. Find the skater’s initial
kinetic energy. How much of her kinetic energy is
transformed into other forms of energy by friction
as she stops? How much work must she do to
speed up to 2.5 m/s again?

All of her kinetic energy is
transformed to other forms of energy
when she stops.

To Speed up again:
W = AE = KE, — KE,

=3 mv; —% mv?

=%(52.n kg)(2.5mis) —

%{52.0 kg)(0.00 m's)’
=+160J




planes/ hills, and pendulums

COMNSERVATION OF MECHANICAL EMERGY A 23.0-kq tree limb is 13.3 m above
the ground. During a tropical storm. it falls on a roof that is 6.0 m above the ground.

a. Find the kinetic energy of the limb when it reaches the
rocf. Assume that the air does no work on the tree limb.

b. What is the limb's speed when it reaches the roof?

1 AMNALYZE AND SKETCH THE PROBLEM 1 : 2.3 m
= Sketch the initial and final conditions. *l '
= Choose a reference level

» Diraw an energy bar diagram.

Known Unknown
m=220ky g =98Nk GPE —7% KE-=17

f.=B3m w =00ms GPE—7 =
h_,=60m KE=001
2 SOLVE FOR THE UNKMOWN

a. Set the reference level as the height of the roof
Find the initial height of the imb relative to the roof
h=h_—h _ =1B33m-60m=732m Substitite i =133mh_ = 60m
Determine the initial gravitational potential energy of the imb-Earth system.
GPE = mgh={22.0 kg|{9.8 Mig)({7.3 m) Substiute m =23 0 kg, g= 98 Nkg, h=73m

=LEx 107 J

Identify the initial kinetic energy of the system.

KE=001 The tree Bmb 15 inttiaily &t rest
Identify the final potential energy of the system.
GFE =004 tr= 00 m & the roat.

Use the law of conservation of energy to find KE,
KE, + GFE,= KE + GPE,
KE =KE + BPE — GFE,
=004+ 16x10*1 —0.0J
= LEX107 ]
b. Determine the speed of the limb.

=12
KE = < my;

ZKE, 16
=\ o= .fﬁu’éﬁw* Substitite KE, = 16x10° | m = 220 kg

Substitite KE = 0.0 |, GPE = 16x 30" | and GPE =00 1

(1) Apply the law of conservation of mechanical energy to solve problems (KE; + PE; = KE; + PEy).
17 | (2) Apply the law of conservation of energy to examples like roller coaster rides, ski slopes, inclined

41. A skier starts from rest at the top of a hill that is

Example Problem (5)
Practice Problem (41)

45.0 m high, skis down a 30° incline into a valley,
and continues up a hill that is 40.0 m high. The
heights of both hills are measured from the valley
floor. Assume that friction is negligible and ignore
the effect of the ski poles.

b.

How fast is the skier moving at the bottom of
the valley?

What is the skier's speed at the top of the
second hill?

a.
Mechanical energy is conserved,

so KE, +PE, +KE, +PE,

13++n'ig|'i'1=%n'?'|..-'2 +0

v: =2gh

v =.J2gh
= J[E}[‘:’&.B Nkg)(45.0 m)
=3.0x10" m's

b.
KE, + PE = KE, + PFE,
0+ mgh, =%nw2+my1,

= -»\,IEQ' (h—h,)
= J[ﬁ][ﬁ'a Mkg)(45.0 m—40.0 m)
=99 m's

c. Mo, the angles do not have any impact.
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States of Matter




1 Bernoulli's principle

Describe the relationship between the velocity of a fluid and the pressure it exerts according to Student Book 249-250

Check your Progress (.38 251

Bernoulll’s Principle

Study the flow of water from the hose in Figure 14. In the top photo, the water flows from the hose unobstructed. In the bottom
photo, the hose opening has been narrowed by a person’s thumb. Notice that the streams of water lock different. The velocity of
the water stream in the bottom photo is greater compared to the velocity of the stream in the top photo. What you can't see is that
pr

essure exerted by the water in the bottom photo decreased. The relationship between the velocity and pressure exerted by a
moving fluid is named for Swiss scientist Daniel Bernoulli. Bernoulli's principle states that as the velocity of a fluid increases, the

pressure exerted by that fiuid decreases. This principle is a statement of work and energy conservation as applied to fluids.

Figure 14 You can demonstrate Bernoulli's principle by narrowing the opening of the hose as water flows out. As the velocity of the water
increases, the pressure it exerts decreases. Richard Hutchings/Digital Light Source

Another instance in which the velocity of water can change is in a stream. You might have seen the water in a stream speed up as
it passed through narrowed sections of the stream bed. As the opening of the hose and the stream channel become wider or
narrower, the velocity of the fluid changes to maintain the overall flow of water. The pressure of blood in our circulatory systems
depends partly on Bemoulli's principle. Bernoulli's principle also helps explain how smoke is pulled up a fireplace chimney.

Consicer 8 horizantsl ppe completely tilled with a smoothly e

5 . = L -
fowing ideal fiuid. i 3 certain mess of the fluid enters one end e B Al
of the pipe. then an eque! mass must come out ihe other end i

‘What happens ifthe c
in Figure 167 To keep the same mass of tluid mowing through

the namow section n & amount of fime, the velocty of the
fhued in the fube must inc = the Auid's velooy increases
so does itz kinsfic energy. This means thet net work has been

0N becomes NOIET, 5 5T0WM

dons on the swifter fluid. This net work comes from the

diffier ween the work that wes daone 1o move the mass

of therd into the pipe and the work that was done by the Huid Fgure 45 The fiuld Acning throdgh this ploe aiso
pushing the seme mass out of the pipe. Tha work iz demarsimtes Bemool's ofinciple. & the veiocoty of

propertional to the forre on the fluid, wiich, in umn, depends e Sk IncEases (P = grester taan ¥ L the oretaice

Fit ; it decrenses [Py i lees tann Py |
on the pressure. Fihe net work is positive, the presture at the e el S B

input end of the zeciion, where the vElooty I= kower, must be
lzrger tham the pressare 2t the output end, wheres the ve DIy IS

highet

lﬁ' Get It?

Describe the refationship oetween the velocty of & fwd and the pressure & exens sccording to Bernoulli's principle

Applications of Bernoulii's principle

There: are mamy common spplications of Bemoulll's principhe, such az paint sprayers

and speayers atisched to garden hoses to
g hose-end sprayer. 3 strawdike tube is sunk into the cherical solution in

epply fertilizers end pesficides to lawns and g
the sprayer. The sprayer = attsched to 8 hose. A tigger oo the sprayer aliows water from the hose to fow at a hingh speed
producing an area of fow pressure abowe the tube. The solubion is then sucked up throegh the tube and into the stream of water

fgas
are mi

& engine's carburetor, which = whers air end gazofine Ca rhu retor

other comemon application of Bemoulis
princaple. Part of the carburstor 1= & tube with & oo
shawn in the dizgram in Fegure 16. The pressuwrs on the

gasoine in th

e as the pressure
g through the narmow secton

| supply-is th
thecker part of the tubs. Air tlow

of the tube, which = atteched to the fued supply. = at = lower
preszure, 30 fuel is forced into the & fiow. By regulsting the 1 1

; - = o R e .. Airfgasoline
fow of air in the tube, the amount of fuel moed into the air can L
. g 5 : mixture
be vaned. Carburetors are wzed in motorcyches, stock car race
cars, &nd the motors of small gascline-powered machines, such
2= [awn mowers :

Gasoline

Fagure 3 n A carburebar, iow oressaneIn e narmaw
part of the tune drews =l info the-air diow




14.

Describe the relationship between the velocity of a fluid and the pressure it exerts according to Student Book
Bernoulli's principle Check your Progress (.38

249-250
251

38. Critical Thinking A tornado passing over a house sometimes makes the house explode from the inside out. How might

Bernoulli's principle explain this phenomenon? What could be done to reduce the danger of a door or window exploding
outward?

The fast-moving air of the tornado has a lower pressure than the still air
inside the house. Therefore, the air inside the house is at a higher pressure
and produces an enormous force on the windows, doors, and walls of the

house. This pressure difference is reduced by opening doors and windows
to let the air flow freely to the outside.




(1) Recall Pascal's principle.
(2) Apply Pascal's principle to hydraulic systems to solve problems.

15, Student Book 244

Fluids at Rest

if you have ever dived deep into a swimming pool or a lake, F;
you likely felt pressure on your ears. Blaise Pascal, a French iF.

physician, found that the pressure at a point in a fluid depends

on its depth in the fluid and is unrelated to the shape of the

fluid’s container. He also noted that any change in pressure

applied at any point on a confined fluid is transferred

undiminished throughout the fluid, a fact that is now known as Ay
Pascal’s principle. One application of Pazcal’s principle is using
fluids in machines to multiply forces. In the hydraulic system

shown in Figure 10, a fluid 1= confined to two connecting

chambers. Each chamber has a piston that is free to-move, and

the pistons have different surface areas. Recall that if a force Piston 1 Piston 2

(F ) is exerted on the first piston with a surface area of 4. the

. F, Figure 10 Az Fj exerts pressure on the smaller piston
pressure () exerted on the fluid is Py = E The pressure ipiston 1y, the pressure is transmitted throughout the
exerted by the fluid on the second piston, with a surface area fluid. As a result, a multipiied force (Fy) i exerted on

Fa the larger piston {piston 2).
Az, iz Pp =—
Az Infer How would £ change if Fy increased? Expigin

Wiy



19

(1) Calculate the orbital period of a satellite.

st (-3

ORBITAL SPEED AND PERIOD Assume that 2 satelite orbits Earth 225 kmabove its surface.
Given that the mass of Earth is 5.97x10%* kg and the radius of Earth is 6.38x10% m, what are
the satellite’s orbital speed and period?

B ANALYZE AND SKETCH THE PROBLEM
Skelch the situaltion showing the haight of the satalite’s orbit.

KNOWN UNKNGWHN
h=2.25x10%m r=7
f = 6.38x10% m r=%

M = 5.97x10% kg
G = 6.67%10 " N-m kg

B SOLVE FOR ORBITAL SPEED AND PERIOD
Cretermine the arbital radius by adding the height of the satellite’s orbit to Earth's radius.
r=f-+ g
= L26X10° m + 638x10% m = 6.60x10% m o Sebshihuby b= LEEXI m avd v = B 30K m

Solve for the speed,

G
L _:me o Suksiluti G = B AT Wond i
mr = BATH NI kg, and r= AROXI m

= \J‘.:E.g-:?xm Mg )5 ST 10 kg)
= EE0=105 m

= 777%107 mis

Solve for the parod.

T= rm,.'% o Suipslitule r= 6 BOXIP m, G = 6 BTRIOT Nond h’
aal e = BOTHITF? by

- { (6.60%10% mj?
= AT\ 6 6710 " Nem g5 0710 kg)

=534x10% s

This Is approximately 89 min, or 1.5 h.

I EVALUATE THE ANSWER

Are the units correct? The unit for speed is meters per second, and the unit for period Is seconds

(2) Define pressure as the perpendicular component of a force on a surface divided by the area of the

Example Problem (2) 175
Check your Progress (0.6 172
Example Problem (1) 234
Practice Problem (3) 235

Neptune’s Orbital Period Neptune orbits the Sun at an
average distance given in Figure 10, which allows gases,
such as methane, to condense and form an atmosphere.
If the mass of the Sun is 1.99%1039 kg, calculate the
period of Neptune’'s orbit.

———
- el S

! Sun \

\
|
I
I
\ .I
v (Notto |, _4496x10"2m
. scale) e

N\ 4
N -
~ -

Figure 10 B '- h—leptune

= (4.495 x10%m)’
T=2x =27
Gm (6.67 x107""Nim?/kg’ )(1.99 x10™’kg)

=5.20x10°s

9
_5.20x10°s 1day _ o5 40 days
1 86,400 s




(1) Calculate the orbital period of a satellite. Example Problem (2) 175
19 | () Define pressure as the perpendicular component of a force on a surface divided by the area of the Check your Progress Q.8 172
(P 5) Example Problem (1) 234
surface: =— :
A Practice Problem (3) 235
EXAMPLE Problem 1
CALCULATING PRESSURE A child weighs 364 N and sits on a three-legged stool, which weighs 41 N. The bottoms of the 2. SOLVE FOR THE UNKNOWN
stool's legs touch the ground over a total area of 19.3 ¢m?,
Find each pressure.
a. What is the average pressure that the child and the stool exert on the ground?
F
b. How does the pressure change when the child leans over so that only two legs of the stool touch the floor? = :,{
405 N 100 cm)? : .
HERALLES AR S T ERUELEW a P = ( . ) ( ( 2) ) Substitute F = Fy a1 = 405 N, A = A, = 193 cm?,
» Sketch the child and the stool, labeling the total force that they exert on the ground. 19.3 em (1 m)*
« Listthe variables, including the force that the child and the stool exert on the ground and the areas for parts a and b. = 210X 102 kPa
405 N 100 cm)* e :
hoen e B = ( 12.9 cm? ) (( (1 ji-) ) Substitute F = Fg i1 =405 N, A = 4, = 12.9 cm?,
Fh m
Fgchjkl =364 N : 2 = 3.14 x 10* kPa
P — 41N A; =193 cm
g ool = p. =9
- 2 a—
Fy il = Fyaug + Fysmal 4y = g xHiem P, =7 3. EVALUATE THE ANSWER
= 129 ¢m? « Are the units correct? The units for pressure should be Pa, and | N/m® = | Pa,

=34 N+4IN (“

=405N @
ZQ
JTY

J/Fg =405 N
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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 Cl&iﬁ”ﬂ?ﬂﬁgﬁ
surfa _F ple Problem
-~ (P _ 4) Practice Problem (3)

3. Alead brick, 5.0 cm X 10.0 cm X 20.0 cm, rests on
the ground on its smallest face. Lead has a density of
11.8 g/cm3. What pressure does the brick exert on

the ground?

My ik = PV = plwh
= (11.8 g/cm3)(5.0 cm)
(10.0 cm)(20.0 cm)
= 1.18X10% g = 11.8 kg

P = Fg, brick — Myrickd
A Iw
_ pVg _ plwhg _
w w phg

= (11.8 g/cm3)(20.0 cm)

1 kg X“W cm}z)
1000 ¢ (1 m)2

(9.80 m/s?)(
= 23 kPa

175
172
234
235
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