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or indirect, as in the
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c{figcmlion.

: inf
direct, 38 10 7000 ways.
¢ concem’ abovt mal cxPaﬂsinn of highway?

hav

f rechnology
s 0 .. -l-hc co‘\(tm ’

1 fom
heat ransfe

|ryyost a8
temperature and

S Temperature

Idness of an obj

) easure 0 the hotness OF cold o

asically, (emperature is ::”uxd i e aple w2y 1
ol i 'P e, the range of temperat

 hand is not precise enough

cense the )
mcthodsarcuscd for measur

that your hand can withs

MmCasurc ltmptﬂ(llfc
A ropcn y se to find (cmpcﬂmrc.is.thc change in volume
P solid as its temperature changes. The hqun‘! in glass therma '
type of thermometet (Figure 3.2) consists of a.hollow glass b
~ A small amount of liquid such as alce

FIGURE 3.1 and a hollow glass © _ e
Force on a piston produced by bot is placed in the bulb. ic is removed from the tube. When §hc'hq\.nd is he
! it expands and fises UP the glass tube. The height t© which the liquid rises indic

cxpanding gas
the temperature.
We will study the four temperature scales shown in Figure 3.3. The coms
alewithfrcczingpoimWCmd he

metric temperature scale is the Celsius s¢
point 100°C. To write a temperature, we write the number followed by the deg
ital letter of the scale used. Temperatures below 2

symbol (%) followed by the cap
on a scale are written as negative numbers. Thus, 20° below zero on the

3 »
scale is written as = 20°C.

g pointof water g 100~C g 373K 212-F | 672=R
Freezing point of water | O=C - .
Abschuste
i e | —460-F B 0-R
Kelvin :

Celsius
Fahrenheit  Rankine

FIGURE 3.1
Four basic temperature scales

——mm_l
u N |
FIGURE 3.2 “‘h:mty""‘* :

5 Data:
thermometer
Dave King © Dueling

Ty = 98
¢ = 986°F
Te=)

ot
lure 1 S




pasic Equation:
5
e ™ 6(71 - 37
Working Equation: S
gubstitution:
e ";(936' - 31
5
Ot 2n - ;(666')
o - 370°C
.C.’T,;y::»__
3¢ Cnoggy
e Sometimes it is NECesSaTy 10 use the absolute temperaisre swales, which are the Kelvin
: “k-dd\cmhmwlk-ﬂx‘xana\lkd absolute scales because 0 on cither
it scale refiers to the Jowest limit of temperature, called absolute gero.
e The Kelvin scale is the metric absolute temperature scale on which absolute
”‘; e o is 0 Kand is dosely related to the Celsius scale, The relationship is*
ICH 25 20
yaid is head k=Tt 273
thics Indc The Rankine scale is the U.S. absolute temperature scale on which absolute
zer0is PR and is closely related 10 the Fahrenheit scale. The relationship s
The comas
4 & :":_ o= L= Iy + 460°
| by the a=
res bedow =
on the (o= __EXAMPLE 3.2
T
-
s "
Data:
= T = 18°C
Te= ?
'
Basic Equation:
Working Equation: Sxme
Substitution:
’R
Te=18+ 273
- WK
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FIGURE 3.4

Friction causcs a ns¢ 1n temperature
of the dnll and plate.

Basic Equation . &
Werldng Equ“‘“" =" 460
s -
o
* Heat
VV i ' 3.4), it becomes ver
.. deilled in a metal block (Figure Y
hc“c.*;lritl"lo :olc:c:lncchmical work on the qlctzl. the temperature of ¢
gr lain this? Note the difference between the m ¢

INCIeascs. At high temperatures, the 1t 1

temperatures and 2

metal vibrate more rapidly than a¢% ' =
temperatures, and thus their kinetic €nCTgY (E:

emperature of 2 mat crial, we must sp@d up the atoms; t'hax is, wc'must <
to them. Heat is a form of internal kineuc and pOfCﬂUﬁl encrgy COnERy
object associated with the motion of its atoms Of molecules and may be tr3
from an object at a higher temperature 0 one at a lower temperature.
Since heat is a form of energy, we could measure it in joules or ft Ib,
energy units. However, before it was known that heat is 2 form of en g
units for heat were developed, which are stll in use. These units are the ¢
the kilocalorie in the metric system and the Bru (British thermal unit)
system. The kilocalorie (kcal) is the amount of heat necessary to raise
perature of 1 kg of water 1°C. Note: The precise definition is based on th
of heat needed to raise the temperature of 1 kg of water from 14.5°C
however, the vaniation for each 1°C change in temperature is SO minim; |
be ignored for all practical purposes.
The following are some examples in which heat is converted into use

1. In our bodies. When food is oxidized, heat energy is produced
bccoq\'crtcd into muscular energy, which in turn can be tumed
E;;:;qmcnts have shown that only about 25% of the heat ene N

1s converted into muscular energy : bodi B
efficient. = i e
2. By burming gases. When a gas is burned A
8 ps 15 . -
mcndqus pressure that may convert heat tothe gas cxpands and 3
e
curs wi . - H UL .:
engines, yincer or turbine, such engines are called infe

3. By steam. Heat fro .‘

m burning oj o
steam. When water ¢ oil, coal, or wood may be ut d
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Heat and Properties of Matter
to one at a lf')Wtf temperature. There are two basic ways of changing
“mmnofmobm
L B,dobgworkuthc object, such as the work done by the drill on the metal
block in Figure 3.4.
2. By m'fms energy 7o the object, such as mechanical, chemical, or electrical
energy.
4850 c8 X 2] _ 20300) or 2034
] | cel
o ‘ I
x 0
'
in
::.l .
X 2
x,
j_“' 'muxm- 325 % 10*°) o 325M
sy | | el
%
=)
5;6
s
e -
rﬁi
o }
15-‘"
"’:;l 15038 21901 . | X 0350 = 105 X 10'°)
| RN

t‘f'l
L ( "»,I_I['_;"]_n' 2at
"’ -
r a picce of steel and a pan of water in the direct summer sunlight,
P ind that the water becomes only slightly warmer whereas the stecl
¥4 Why should one get so much hotter than the other? If equal masses
T er were placed over the same flame for 1 min, the temperature of
P 4 crease almost 10 times more than that of the water. The water has

/ t0 absorb heat. .
tat of a substance is a measure of its capacity to absorb or give off

< S :

;f ange in temperature. This property of water to absorb or give
nr“‘/' of heat makes it an effective substance for transferring heat in
l',f at of a substance is the amount of heat necessary to change the

e of 3&“* 1°C (1 Ib of it 1°F in the U.S. system). By formula,
. ’ .
/‘ | )

'b/ " " 11 ..'.‘ ;= : - “"7,
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' find the 3 unt of heat added of raken
certain tem rature change, W¢
g=mbT meie) 27 AT (US)
where €% SP“‘T" heat
(7der heat
w = MAass
g = weight
AT = change in temperature
A list of specific heats is given in Table 15 of Appendix C.
Try This Activity ‘ ~ i
. Cool Floors
amatic ample
e dmncuoxumsdtmmmdmcddmmvaszmwnh,mrw
he tie. nmswhawmhwm Bk ;“':e‘::coldﬂe
one bare

flocr,

S "r:);er:::ﬂuquwhalnv.lemle!ol

(m,‘ymﬁ,m mmmwnmmmhwum«im general
1bonr‘Whyxrm|ls(ormMpkedm g

_EXAH.ELEJJ
u
How many kiocalores
of heat
temperature 150°C? must be added to 10.0 kg of steel to raise |
Data: "
m = 100ky
A'- |m
¢ = 0115 kealhg"C
Q= (from Table 15 |
! of Appendix C)
Basic Equation:
Q = amAT
Working Equation: Syne

Q-(o.nsLal)
L4 (100 kg)(150"°2 )
= 173 kaal
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Basic Equation:

Q = cmAT
Working Equation: Same
Substitution:
Q (l 190 ,._"1\_- ] $.00 b (65.0°C

136 X 107 or 16 M

* Change of Phase

any industries arc concerned with a change of phase in the materials they

use. In foundries the principal activity is to change s lid metals to Liquid,
pour the liquid metal into molds, and allow it to become solid again (Figure 3.5).
Change of phase (someumes called change of state) is a change in a substance from
one form of matter (solid, liquid, or gas) to another.

FIGURE 3.5

Molten iron at about 2900°F is
poured from a bucket into an open
mold by a person in protective
clothes and gloves,

Katie Froster © Dotling Kindersiey, Coustesy
of the leoabndge Gorge Muscum, Telford

Shropshire

FUSION

Th 3

f"‘;‘c:;:g:«:{s[:l]‘:;'c from solid to liquid is ‘ca.llcd n.\clting or fusion. The change

line strucrye m; ' ’I-‘.C_ﬂl!ﬂl frcc;mg or sohdlﬁc?non. Most solids have a crystal-

fication of o al( efinite melting point at any given pressure. Melting and solids-

FC 320p, h substances occur at the same

% N0 te J shanges to ice and ice ch
Mperature chan

temperature. For example, water at
anges to water at the same temperature. There

0*C. Only a fi I ge during change of phase. Ice at 0°C changes to water at
7 4 Iew substances, such as | : ] lti
Kmperature bug ! as butter and glass, have no partcular melting

Although 1 change phase gradually.
ther 7 . - -
”’“"f"v)]bw : IS no temperature change during a change of phase, therr i
* A melting solid absorbs heat and a solidifying liquid gires off heat.

|
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N of ml. S\mlllrl\ . 'J«'hm ‘ g')f .

elts : ;bsorbss(‘Cil i
he lx"f"‘“uocooc- V"’d“ uced, mdSOc:lof heat is relcased.
When ; =

jce at

freczes M 0°G
/
To form
o 80 keal of heat. Similarly, when 1 kg
1 kgofice ™ 0°C i:produCcd and 80 kcal of heat is released.
at

-+ absorbs 335 kilojoules (k) of heat. The
roduced and 335 kj of heasi

Ofwhcnlkgoﬁaﬂ
v.vhmlkgofmtaﬁcaa

released.

When 1 Ib of ice at 32°F melts, it absorbs 144 Bru of heat. Similady, whea I
of water freczes at 32°F, ice at 32°F is produced and 144 Btu of heat is reieases

To form

_Roquires
_

Yields
-

To form
e

The amount of heat requi -
hcatoffu.ion,dmdllfmcdmmdngo‘lkgorllbotnhqmds .

) "

where Ly = heat of fusion .
Q= mmﬁqofhuimT’blemAppcndu O
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pasic Equation:

Working Equation: Same
Substitution:
1340 i

400 ig

= 335 WYhg

heat of fusion (water) = 80 cal/g, or 80 keal/kg, or 335 k) /kg, or 144 Bru/Ib

A very interesting (and delicious) change-of-phase actvity is to make home-
made ice cream. A scaled container with a mixture of milk, egg, vanilla, and sugar
is submerged in 2 mixture of rock salt and crushed ice. The salt causes the :Cc. to
rapidly melt, which requires heat, while the ice changes phase from solid to liquid.
Most of this heat 1s transferred from the ice cream mixture, which hardens into

1ce cream.,

VAPORIZATION

The change of phase from a liquid to a gas or vapor is called vaporization. A pot
of boiling water (Figure 3.6) vividly shows this change of phase as the steam evapo-
rates and leaves the liquid. Note that vaporization requires that heat be supplied; in
this case heat is required to boil the water. The reverse process (change from a gas
to a liquid) is called condensation. As steam condenscs in radiators (Figure 3.7),
large amounts of heat arc released.

HH:U" 1.6 FIGURE 3.7
“,::-‘wh"d to boiling water changes liquid A large amount of heat is released by
m%’:‘i‘m—d“ gas form of water. condensation of steam in 3 radiator.
rsley



becomes saturated; that is, the vapor
: ater vapor is always present in
weather term relative hunufhgy is
o o the amount of vapor

here t
ho grcer ¢. As the air temper-

sation, the vapo

At the point of Cﬂﬂdmi“um' For example, ¥

cannot hold any morc mo s
some amount in the carth’s am}\ aPpm e
' ROL.Y : rur

of the actual amount 9%, y tempera . RE

the rato reach 100% of saturation at the cxnsfmls - content, the relative humidity
Mulﬁi‘:"”ﬂ without change in pressurc or‘];:cﬂx)cml"mmm at which saturation

ture ) e

:ncrcascs until it reaches 1007 at saturauon o ched and the temperature

saturation ) |
iy dthPO‘ﬂ:’_-o(:r(l:;u" in the form of dew, fog, must, clouds,
nsa
continues to decrease, conde

ipitation. .

and rain or other forms of precipt f the liquid does not change. However,
1 3 liquid is boiling, the temperaturc 01 € . i

dtc\r‘c]::l: :rl;nq::‘:: sof hcatfl.v\ liquid being vaporized (boiled) absorbs heat. As a vapor

condenses, heat is given off. ' N of s i

f heat required to vaporize 1 g or 1 kg i called
its :Teawt‘:fu\)'um-poduo ﬁompﬂcd L. So when 1 g of water at 100°C changes to
lm-:nm at 100°C., it absorbs 540 cal; when 1 g of steam at 100°C condenses to water at
100°C, 540 cal of heat is given off. The tremendous amount of heat released accounts

for the potential for far more senious burns from steam than from hot water.

_Rogires Crobmn .
To form Yields

When 1 kg of water at 100°C changes to steam at 100°C, it absorbs 540 keal
heat. Similarly, when 1 kg of steam at 100°C condenses to water at 100°C, 540
of heat is given off,

——lrtt,
. To form

Or when 1 kg of water at 100°C changes to steam at 100°C, it absorbs 2.26

(226 X 10° J) of heat. Then, when 1 kg of steam at 100°C condenses
100°C, 2.26 M) of heat is given off. . ) ) .

To form
e
Yiolds

To form
——
Yiokds

When 1 Ib of
absorbed; when 1
heat is given off,

Water at 212°F changes 1o

Ib of steam at 212°F cong Steam at 212°F, 970 Bru of

enses to water at 212°F, 970

where [, = heat of Vaponizatio
O= Quantity of heat
M = mass of syl
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Q = 135000 cal
me= 2503
L=

(W S

¢ absorbs 340 - ) cal/g, or 540 keal/kg, o 26 M) /kg, 0r 970 Bru/Tb
er at 100°C, e =

 ExamPipagg

§

5

= absort 2
Jndenses 0%

f
DOata:

g or 854 Kjkg or 854 (0 Jig
B
' heat gained by one unit of ice at a temperature
It warms to its melting point, changes to water, warms
..iQ,M:m:hhundnbmludengpohtln
Note that during change of phase there is no tem-
he amount of b ag: 'ﬁfhlnmdﬂmo ltuboauumwlnunltwﬁnd
Y0t chanpeg of ai rlost when a ty of material goes through one or
C)  ABpendin € gy p e c efer to Figure 311 to do such problems. See Table 15 of
"eat constants of some common substances.
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1
— 150

42 an

Heat (10°J)

mwwmwmdual-wCuliMbmm1 0°C

FIGURE 3.8

g

8?@

Temperatuee (*C)
uJ Y
®

b 8.

=100 ~—* 1

Heat ganed by cne gram of ice at ~20°C as it is converted to steam at 120°C
FIGURE 1.9

FIGURE 3.10
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FIGURE 3.11

Graph of heat transfer during change
o of phase

Tofn\dmemofheltnleaedumenmmatatenperuummms
wpaWpoﬁiscodedtowaeMnsboclogpomweneedwconm
three amounts (see Figure 3.12):

Qs = CoamWAT (anoumamnrelemdasmesanamges

temperature from 222°F to 212°F)

Q= wl, (muofheatrdeasedumestmdwvgestovma)

Q) = ConeWAT (amounofhearelesedasu\ewaterdmges

wnpemﬁ'omzlrhosrf)

S0 the total amount of heat released is
Q=% +QU+Q
T —>
a.a,.a,.a,i

1
q - cmw AT

o
"

f

=

e
~

FIGURE 3.12
Data:

w= 400D
T, of steam = 222°F

Trof water = 82°F
Q=1
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Q.%OQ‘*Q)

Working Equation:

Q= cwwAT +wl * C.ca“"r

bstitution:
: gs (0-‘9%)(4.005)0&0 + (400 m(m %)

+(uoo$",—,)(4.oov)(nﬁ’n

= 4470 Bru

 EXAMPLE 3.13

. -
l-!owmiousdhmnmededwdw 350kgof keat —150°Cto
steam at 1200°C7

Sketch: T

-
-

Qw0+ 0+ Oy+ O+ Oy

0, = ml

-150°C}

.
|

Data:

'"'3—50lg
Tofke = —|S0°C
Ty of seam = 1200°C
Q=?
Basic Equation:

Q-Q‘*Q*Q'*Qo*Q,
Working Equation:

Q.‘d’"ﬁfﬂ'm,
Substitution: THml, + o maT

Q= (2100
(j&::.el)(lmm(lsm + (}_5050(335%) % %Mp
W)O”W'WM * Osoko(usm) x 121
0(2000# )(lwm L (|
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. Werties of Matter

hat are the building blocks of matter? First, matter is anything that occu-

pics space and has mass. Suppose that we take a cube of sugar and divide

jinto two pieces. Then we divide a resulting piece into another two picces. Can we

') continue this process indefinitely and get smaller and smaller partcles of sugar cach
dme? No, at some point we will arrive at the building blocks of sugar.

An element is a substance that cannot be separated into simpler substances. A

is a substance containing two or more elements.

A molecule is the smallest particle of an element that can exist in a free state and
still retain the characteristics of that element or compound. Most simple molecules
are about 3 X 107" m in diameter. An atom is the smallest particle of an element

T that can exist in a stable or independent state. The molecules of elements consist
of one atom or two or more similar atoms; the molecules of compounds consist of
=150Cy, wwo or more different atoms.

What do we get if we divide the sugar molecule? The resulting particles are car-
bon, hydrogen, and oxygen atoms. Models of water and sugar molecules are shown
in Figure 3.13. Not all atoms are the same size. The hydrogen atom is the small-
est, with diameter 6 X 107" m and mass 1.67 X 107 kg. Uranium is one of the
heaviest atoms, 3.96 X 107 kg,

o
| 5
&IL

nat/

Hydrogen atom

Oxygen atom

(b) The sugar (glucose) molecule
I8 composed of six carbon atoms,
WM(C:H%..M“ FIGURE 3.1)

The molecyle
. IIM Of a gas are not fixed in relation to each other and move rapidly
10') (0\"' part thy, colliding with each other [Figure 3.14(c)]. They are much farther

TN 10 the diggy ice cules in a liquid, and they are extremely far apart when compared
, '“M: h““, h:’:"“ molecules ll} solids. The movement of the molecules is
=)” ' . kes the shape of i iner.
'2) | : @.me&'ﬂ.lm ore, a gas ta pe of its container

a8 it container. part, a gas can easily be compressed, and it has the
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QA o

A RLAX) S g

: ‘P 4 i " ‘('7'0 N
ol Iy *-
VSRS
i molecules flow (c) Gas molecules move
B T O e ooch cther in af directions and colids

FIGURE J.14

ELASTICITY

An object becomes deformed when outside forces change its shape or
Elasticity is 2 measure of a deformed object’s ability to return to its oniginal s
and shape once the outside forces are removed. When the solid is being deforn:
sometimes the molecules attract each other and sometimes they repel each othy
For instance, try to pull a rubber ball apart (Figure 3.15). You will notice that ¢

ball stretches out of shape.
! gl =
: YN
(a)
FIGURE 3,5 o “
Elasticity in a rubber ball

t0 its oripi Whic “Nough apa
(ﬁgu,c';ﬁ";:'d;]fhpe. 1f the gy, Odgton:: | 'h:t they
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TV
oy c) Spring strotched beyond ts elastic limit () Spring stretched much beyond &s elassc
limit ... break occurs! FIGURE 3.16
Stress is the ratio of the outside applied force, which tends to cause a distortion,
S thape 1 the arca over which the force acts. In other words,
O IS Ofipy applied force
 being dein stress = »
& ey arca over which the force acts
TCpel each o
1]-] DO & or
I
J - —
A

where 5 = stress, usually in N/m? (Pa) or Ib/in’ (psi)
F = force applied, N or Ib, perpendicular to the surface to which it is
applied

A = area, m’ or in®
Since the SI metric unit for force is the newton (N) and the unit for area is the 5’\ -
square metre (m?), the corresponding pressure unit is N/m?’. This unit is given the o
special name pascal (Pa), named after Blaise Pascal, who made important discover- (M Pascal (1623-1662),
i3 in science and mathematics. mothemotoon physase, ond theoloon
born n France. He avented the
A ﬂN/mz =P :mdam:mmr i 1647 ond loter
N 1.4 % . i) the borometer, the ond
 Imagine a brick weighing 12.0 N first lying on its side on a table and then stand- wm:zmwﬁl :;';:
ing on one end (Figure 3.17). The weight of the brick is the same no matter what | maden theory of probabéey.
its position, so the total force (the weight of the brick) on the table is the same in < )
both cases. However, the position of the brick does make a difference in the stress It
& 3 '-wm
FIGURE 3.17
“The weight of the brick is constant,
but the stress on the table in part (b)

n Rreater,
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st em

FIGURE .19

The rope in a tug-of -war Competinon

Pearnson Fducation, bne

¢? When canding on end, the

. cate i
the stress grea i contact on the end

. casc 1S ~
ble. In which = ble because the ared o

exerted on the ta

B b ‘"E:“r:,:‘\'d: '; 1, find the stress 10 cach casc: =
saller than on the side, Using . ; .-
= F= 120N :
ey : : A—nCI‘J;m\SCl]m-— 480«?\
A= 800¢m X 160cm = 1.’3'11 - 120N ‘(H_,J@).
120N :‘(uwm\)- et
- ‘\ : lmw} b 2500 N/m*® = 2500 Pa

938 Nim® = 938 Pa

'l" h - h } - * ) ")[( * 15 A \‘)h(_‘ l toa \lllj“ . '
15 ‘ G . rCcss
s SHOWS that w wen the same C cr Arca the st

. o b " ny Uff 2
ITCAICT l““" (h( d“(us“"" $O tar, “(,llld you |-llh(| someonc stc L4 (8} )

? (See Figure 3.18.)
with a flat-beel shoc or with a pointed-heel shoe? (See Figure

(a) (b)
FIGURE J.18
The stress exerted by the heel in part (b) s greater because the weight rests on a smaller are

Five basic types of stresses are as follows,
Tension is a stress caused by two forces acting directly opposite each ¢

This stress tends to cause objects to become longer and thinner. An example €

such a stress is that on the rope in a tug-of-war (Figure 3.19). The
team’s force pulling one w

rope has on
ay and another team’s force pulling in the opposite dires

: ong enough to withstand the tension, it could ultima
stretch beyond its elastic limit and break,

1810 constant tension,

pushing down on the column

0t in a Supporting column (Figure 3.20). A lox
» Whil -
the column.

As a result, the pillar c:,:‘m'::mi I8 applying a force pushing
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FIGURE 3.20

A column under the New Clark
Bridge crossing the Mississippi River
1S in compression,

Shearing is a stress caused by two forces apphied in parallel, opposite directions,
In Figure 3.21, the table pushing the book to the left counteracts the force of the
hand pushing the book to the nght. The normally rectangular shape of the book is
ahered. Scissors use shearing to cut paper.

Torsion is a stress related to a twisting motion. Torsion occurs when two
torgues act in opposite directions. This type of stress severely compromises the
strength of most materials. An example of torsion is the stress on a bolt or a screw
as it is being ughtened (Figure 3.22).

) I

copt &

;_..\: FIGURE 3.21

2id o= A book being pushed in this way

is undergoing shear.

FIGURE 3.22

The rwisting of the bolt in one
direction is counteracted by the
force of the wood resisting

the tuming monon.
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FIGURE 3.23
A beam that is bending

Bending consists of both tension and compression stresses. It occurs when
2 force is placed on an object and this causes it to sag. An example of bendinz s
caused by a person sitting on 2 board (Figure 3.23). The top section of the board
is being pushed together, in compression, while the bottom section of the board is
being pulled apart, in tension.

Whenever a stress is applied to an object, the object is changed minutely, at lcast
If you stand on a steel beam, it bends—at least slightly. Strain is the deformanon
of an object due to an applicd force. That is, strain is the relative amount of defor-
mation of a body that is under stress. Or strain is change in length per unit of lngth,

change in volume per unit of volume, and so on. Strain is a direct and necessary
consequence of stress, :

Try this activity -

Stresses

FIGURE 3,24
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5 ol cokumn in & buikding has a cross-sectonal area of 2500 om? and supports
of 1.50 X 10° N. Find the stress on the column.

2 1 \ .
p s 3
A = 2500 em x(———lm ) = 0250 v

Fw |OXIO°N

Sm?
Basic Equation:
S
o
Working Equation: Same
Substitution:
s_tSOxlo’N

0250 m?
= 600 X 10° Nim’
w 600 X 10°Pa or 6O0KPa

HOOKE'S LAW
Ore of the most basic principles related to the clasticity of solids is Hooke’s law,
named after Robert Hooke.

Or stated another way: Stress is directly proportional to strain as long as the
elastic limit has not been exceeded. (See Figure 3.25.) In equation form,

F

—'k

A/

where  F = applied force
A/= change in length
k = clastic constant

_N'*’A s:: Greek letter delta) is often used in mathematics and science to mean

j FIGURE 31.25

Graph of Hooke’s law showing behavior
al :
within and beyond the elastic hmit

) i
Robert Hooke (1635-1703),

of plonetary movement
L_‘lﬁ £

chemt ond PRYSCOSL was Dom n
Englond He formutcted the low
foverning elostoty (Hooke's ow)
nvented the bolonce sprng B woiches,
worked with ond mode mponat
ebtenatons with the telescope ond the
mreope. ond formuloned the theory

(Hooh“ Law

exeeded
L_.|F —

The ratio of the force apphed to a0
obyect to its change 0 length (resultng
in its beng stretched or compressed
by the apphed force) & constant 28
long as the elastc ke has not been




constant
WM*"
- AmdsmNsw"‘”‘
ts change in length-
; %
—-1
?
! s
S00N
Data:
F=5S00N
k = 0250 Nfam
e
Basic Equation:
LA
Y
' Working Equation:
F
A'-;
Substitution:
S00N o
AI=02.SONI<m LaNJ.ﬁ-N.w'r ,;‘
= 200 cm Niemn ~em G ]
_ EXAMPLE 3.16 ey
o
A force of 300 b stretches a speing 12.0 in, What force is to stretch the
g
ﬂ.ﬁh_ ‘&ih
300
Data: 71
'. - ]mb
I, =~ 120 in

l,-uon
F, =)
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F
. Rt FE Rd)

P

ubstitution: There are two substitutions, one 1o find k and one to find the second

300b

_-k

120
- 0250 in. = k

Fy = (0250 ir )(15.0 )
=375k




Working Equation:
¥,
Al = .
Substitution:
SHO % 10"
A'r"
186 X 10" Mm
=112 10'm o 3120wn

B Pranartiac af | innide
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Heat and Properties of Matter 99

* Density

ensity is a property of all three states of matter, Mass

density, 1 |
defined as mass per unit volume. Weight density, D sity, D, is

w18 defined as weight

Fd’m or
m F,
D. et V D' ak F
where D, = mass density D, = weight density
™ = mass F, = weight
.~ V= volume I = volume

M mass density and weight density can be expressed in both the munc
and the U.S. system, mass density is usually given in the metric units kg/m’
and weight density is usually given in the U S units Ib/ft’ (Table 3.1).

The mass density of water is 1000 kg/m’; that is, 1 cublc metre of water has a
mass of 1000 kg. The weight density of water is 62.4 Ib/ft’; that is, 1 cubic foot of
water weighs 62.4 1b.

In nearly all forms of matter, the density usually decreases as the temperature
increases and increases as the temperature decreases. Water does not follow the
usaal pattern of increasing density at lower temperatures; ice is actually less dense
than Biquid water,

Note: Conversion factors must often be used to obtain the desired units.

TABLE 3 |
Densities for Various Substances
TSbsance  MassDensicy (kgim’)  Weight Densiy (B1c)
Soids
Abminum 2700 169
Brass 8700 540
Concrete 2300 140
Copper 8,890 555
Cork 240 15
ke 917 57
ven 7,800 490
Lead 11,300 708
Wood, white pine 420 2%
Uquids
Aol 790 494
Gasobre 680 420
Mercury 13,600 846
O 870 842
Sexnater 1,025 640
Water 1,000 624
Gases* ALO'C and | atm pressure At 32°F and | atm pressure
Ar 129 008!
Amemona 0760 0047
Carbon douide 196 0123
Carbon monoice 125 0078
elhum 0.178 0011
Hydrogen 00899 00056
Nitrogen 125 0078
Onygen 143 0089
Lropane 202 0126
*The

.:Wdlpﬂmwwmmpmouorvmv mm"’m
“MNMw‘wmmyw
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V=mh ad D, =-—

Working Equations: Same
Substitutions:
V = (400in)(3.00 n)(5.00 in)
= 00 in’
R 0700 b
00 in’
) 122y
= 001 17— —
' o x( | fe )
= 202 !




0D
-

203
281 ow’
= 783 glem’
PouL 100 e’
ik dﬂ’x( Im ) "

D, ™

Heat and Properties of Matter

i
0 ¢ 7830 kgim’

F.
v
D.

= 8340
= |gd = 231 in’

-

¢ -T.u = {(B1w) = 5780’

F “_\‘Rl_' :

it b
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__EXAMPLE 3.22 .
.Amdmnmssobmmmmu«’.m
Data:
D, = 420 Mt
F,=5500L
Vel
Basic Equation
Fo
D.=- v
Working Equation:
V= -;—':
Substitution:
v 550 B
‘ 420 B’
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P ~Cs form of the h\'dro-
108 intrody - npos< the nuclcus. (The commm: l;’rn'.uns are about
3. Protons and peutrons € is the only excepuon) amount of posit
ich b ¢ but they carry an
atom, which - than clectrons, e have slightly more
massive t _ Ncutrons L ’
1800 times moTe

ons, so the atom has zero el Chad
many clectrons as protoas,

FIGURE 4.1

—CHECK SN T

B :
I you scuff electrons onto your feet whie walling across 3 Mg, a1 yOu
or postively charged?
Check Your Answer

You have more electrons after you souff your feet, 50 you are negatrely charged
(Mlhcm'ummgcd)

* Coulomb's Law

: T he force between two point charges ¢y and g; is directly proportional to &
product of their magnitudes and inversely proportional to the square of d
z A distance scparating them, r.

We use a proportionality constant k in writing Coulomb’s law as an cquation to @
into account the air or other medium between the charges. Written in €4
gL form, Coulomb’s law becomes

’ : .
(a) : F= #
‘ where F = force of at:nmozn ot repulsion (i newtons)
i k j 9.(1) x 10 N m /(:z (k was found l)\ <X
y.: g2 = electric charges (in coulombs)
| r = distance between the charges  (in metres)
®) The force between the charges is a vector Quantity that acts on cach charge.
An dlectrie field has both itude \
P18 URR 42 the field S A P (strength) and direction. The mag
Electric-field Wummo abowt cxl‘c:cn::::’ﬁ::ln;’n e d\e fome = 1fa body SRS
a negative charge. (a) A vector - Fpace, then the electric ficld £ ot that i
representation. (b) A knes-of-force 1
representation i

q
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LTS

_EXAMPLE AL

i
Two charpes. each with magritude 4650 uC, are separated by a dstarce of 0200 om
ﬁdhbmdwmm

Data:

q ™ +650 uC ™ +650 % 107%¢

""" - 200 X 107"m

k=900 X 10" N miC?
Fm!

Basic Equation:

Qi
T

me!quuloms.wc
Substitution:
: (900 x 10" NmiIC') (650 X 10 *C) (650 X 107°C)
< (200 x 10 'm)?

=951 X I0*N

TR =
. \\ ’ \ ,\'\_\f’/_’ - "\\ \“/‘//
e T _
» « o ]I\ . _
/ . \ - / / * \ o /’ 5 il
w N L o U 1

* Electric Potential

he concept of electric potential energy per unit charge has a special name,
electric potential:

clectric potential energy

charge

The uni - Sien : :
t of measurement for electric potential is the volt, so electric potential

s often called rofl : :
1 coulomb (C) "’:f’::; r:c?ntmml of 1 volt (V) equals 1 joule (J) of energy per

Electric potential =

joule
1volt = |

coulomb
:"'°°Nouc7on
0nductor card
(Figure 4.5)3?::;: nTl transfers the electric charge to the load. A conductor
¥ transferred, Such (such as copper) through which an electric charge is read-

e free 1o move (h m‘m::‘“:‘:::l::f; :‘l;l.n\wn of free electrons (electrons that

Electricity 109

FIGURE 4.3

Some electric-ficld configurations

(a) Lines of force emananng from a
single positvely charged particle.

(b) Lines of force for a par of equal
but oppositely charged particles.
Note that the lines emanate from the
positive particle and terminate on the
negative particle.

(¢) Uniform lines of force berween
two oppositely charged parallel
plates.

FIGURE 4.4

A capacitor Consisting of two closely
spaced parallel metal plates. When
conneeted to a battery, the plates
acquire equal and opposite charges.
‘e voltage between the plates then
matches the electric potential differ-
ence between the battery termimals,




" CURRENT wmncglltdﬂlm( We define 2
e =T Theflowol Sheeenet ""‘:"‘ K-
flow of charge
i _ 1 coulomb (C)
(a) Good conductor ‘M(A) - 1(s)
T\ QR
N N o
o/ / va-i'\_ v :::'I’AQE mpo'misin . ck(".i'c ficld 1s the we
(b))  Poor conducior unilofdmgtullwchngﬁsmrdbcm«nﬂ“l:i:"- That is,
W
FIGURE 4.5 pulcnmldl“““‘“ = —c-i:'g;
ential energy of clectrons that resy

Sonrees raising of the pot
~ s o s -':,.cdeml‘(l;). In arcuits, the lo

drop. We define the volt as
is produced or used in

RESISTANCE

ﬂrwﬁumtomﬂ&niaﬂdmmﬂo‘ SLANC
11\tmbunccofawicdthmaiﬂymiulcnglh(l.),
(A) and a property of the matenal called resistivity.

These factors are related by the equation
e
&-:"A
7
: / @
2
FIGURE 4.4 (%) Pesistance varies ﬂ:nmnm
..EXAMPLE 4.2
£l

Data:
‘.mm-mXDO‘q.
A-‘“x|o.gd
PN x 107* ) em
Ra

Basic Equation:
P

A



Electricity
Ve t Same
*\Q Working Equation
Substitution:
X (_l?_){_l_o_‘_nanp(Imx 10" cemt)
656 X 107 o’
= (05240
)
s{\t"n * Ohms Law
u -‘$ pa— — - -
5
l‘ Orvs low Ohvn's low con also be written
\ i t
1=z il
Ry where | = current through the resstance where E = emf of the source of electncal energy
_=x>,,.r ¥ = voltage drop ocross the resstance
m'%‘lc(nl R = resstance

E =240V
R= 3000
m!ﬂ.-l =
i'v""‘“""" Basic Equation:
| ==
Working Equation: Sume
Substitution:
| = }ﬂ
3000

l
>

ic Power

he rate of consuming energy is called power. The unit of power is the watt.

of One satt (W) is the power generated by a current of 1 A flowing because

* Potential difference of 1 V. A volt is a joule/coulomb (J/C); an ampere is a
“mb/second (C/s). Their product is

L\ AN

le -
""'»th/"

Hhete ";' power (watts)

= cusrent
m..m
B pplies to components of de circuits and to whole de circuits as well

111




1n2

\‘;-\ ‘,—'——

» = V/R, we find two other equations for power,
wm(mm'i law,
Given S
ing V= IR to obtain
cubstitute for 1using ) - .
p=FR
Note from the following unit analysis that amps squared times ohms gives
v —4 9 - —J— bl J_ - “'
F0=A’-X=AV— s
A iven
o p=1IR
substitute
=
R
o get
\? 12
VI
R —
& R

A soldering iron deaws 750 A in a | 15-V Grcut. What 6 s wattage rateg!
Data:

I=7%A
Ve LISy
P
Basic Equation:
P=y
Working Equation: Sune
Substitution:
P= (115V)(750A)
=B w
M'MMML’OA'&. 115V circuit has a rating of 863 W
M
o 4 e
Data: -
l-qu
k= asn




-~
B

|

W

Basic Equation:
P=IR

Working Equation: Same

P (400A)'(1460)
= mw

Thus. a drill that deaws 4.00 A with a resistance of 14.6 £) has a rating of 234 W,

Since the watt is a relatively small unit, the kilowate (1 kW = 1000 W) is
commonly used in industry.

Although we speak of “paying our power bill,” what power companies actually
sell is energy in a form of work delivered to an electric component or appliance.
Energy is sold in kilowatt-hours (kWh). The amount of energy consumed is equal
w0 the power used times the time it is used. Therefore,

energy = power X time
or

energy (in kWh) = (7)r

number of kWh = |7

when IV is in volts, /is in amperes, and 7 is time in hours. Note that electric
encrgy can be expressed in other units (joules), but kilowatt-hours is commonly
used. This equation is useful in finding the cost of electric energy. Cost is mea-

sured in cents per kilowatt-hour. The cost of operating an electric device may
be found as follows:

cost = encrgy X cost per unit encrgy

cost = (kWh )(%:)
1kW cents

cost (in cents) = inW) x X
( JA8 POc (¥ ). X hours 1000W © kWh

mem

113
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W 0 03)

Substitution: o300
cont ™ (ssownls""’(fooow KT

- $OI!

- iccuit is the condue

of electrons in a circuit 1s L
R“_"‘mb“ e tmh:su;:":;k 1o buy an empty watcr h"’;" but you
matenal l"_f"‘ ,\ o\;‘ wu P’“g in an applnncc. eneryy ﬁu'ws rom the
an “empty” wire. 1t Boe ied by the electnc field a

iance, not clectrons. & s C o~
i.:’l,::'::l«lmns already in the appliance. The power company

appliance supplies the clectrons.

* Electric Circuits

ost circuits have more than one device thn_rcc'en'ru
These devices are commonly connected in a circuitin ORE

series OF pdm/»’tl.

SERIES CIRCUITS

An electric circuit with only one path for the current to flow (F

called a series circuit. The current in a series circuit 15 the sam
That is, the current flows out of one resistance and into the ne
Therefore, the total current is the same as the current flowing t

resistance in the circuit.

/(" it -ﬁ— R L’. Ry /
UIE) TR
T :::R |
SERIES

‘)!,_.-__!1:!"-. !’_- s

where /= total current
Iy = current through R,
5, = current through R,
Iy = current through R,

In a series circuit, the
drops in the circultt(""q;u:cn:gf (36 foutce equls the s L

| SERIES
E=hi+n+ry+. ..
where £ = emfof the soure
v, : ﬁuﬁc drop across R,
;} - tage drop across R,
3 = voltage drop across B,
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po

f:“'tx: 21 (v T

for the coment » S
| S0CS Crcu 8 s
psistance 208 50 X E

, g9 the cumest FEE

rull
= | e
”
P
B
s h”
s

The resistance of the conducting wires is very small and will be neglected here. The
sorl resistance of a series circuit equals the sum of all the resistances in the circuit:

shere R = total or equivalent resistance of the circuit

) SERIES
R=R +Ry+ R+

R, = resistance of first load
R; = resistance of second load
Ry = resistance of third load

The equivalent resistance is the single resistance that can replace a series
and/or parallel combination of resistances in a circuit and provide the same cur-
rent flow and voltage drop. The equivalent resistance of a series combination is
larger than the resistance of any one of the resistances in series.

Basic Equations;

R, =7000
“a-’mn
“’. 2'0"
R=)
Basic Equation:
R=R, '0“,*'“,
Working Equation: “ame
Substitution:

A= 7000 +9%000 + 2100
- 3700

R.-Smn
h=1300
fy= 1200
R 900
E=9%0v
Iw)

Ri..f&#&*& and '.5

Electricity 115
A, R, R,
e 7000 000 2100
FIGURE 4.9
/ A
r., A, A, 0
s00N  on  12on
_— =00V
LA
""" J’
won
FIGURE 4.9



A,

‘ AAA
wy
F’NA non

| R,
AAA

'ld
-
140N

wy

wy

FIGURE 4.19

Same
wmww
gmS00N* 1300+ 12011 + 96010
- 12600 -
= 2600

= Q7I4A

Basic Equations:

I-% wd R=R +R+R

Working Equations:

“-% nd R"“'“-'R;

Substitutions:
1SV
- —
J0A

= 38310
Ry = J83() - 2300 ~ 14002

- |Jn

R

== I00A

By= 130

V|.'
Basic Equation:

".!l

R)

Working Equation;

VRN
m

VI - (,MA)(')O}
-39y
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pARAu-ﬂ- CIRCUITS
\n electric circult with more than one path for the current to flow (Figure 4.11) is
‘“llcd a panﬂcl circuit. All resistances connected in parallel have their ends con-
pected tO (WO COMMON points (nodes) in the circuit (points 4 and Bin Figure 4.11).
‘ > A >
— RS R R or
T FIGURE 4.1
B ' Different ways to represent a parallel
(a) (b) crcuit
The cusrent in a parallel circuit is divided among the branches of the circuit A
4.12). How it is divided depends on the resistance of cach branch. The
« with the least resistance allow the largest currents to flow. Since the current V[ VI Vl
divides, the current from the source equals the sum of the currents through cach 1 R, Ry 2SRy 3
of the branches: —
PARAILLEL 8
I=L+h+h+ FIGURE 4.12

I+ 5+
= total current in the circuit
= current through R,
L, = current through R,
= current through Ry

Since the ends of all resistances in parallel are connected to the same common points
(nodes) in the circuit, the voltage across each resistance is the same (Figure 4.12):

PARALLEL
Vim Vym Vym o

The emf of the source is the same as the voltage drop across each resistance in

the circuit if there are no other (series) elements in the circuit (Figure 4.13):

PARALLEL WITH VOLTAGE SOURCE E= R
E= l/| = l/z- l/’- e

\AJ
S

'J

AAA
Yy
-

—~

AAA
\AJ
=

-

L

| L‘

where £ = emf of the source
I} = voltage drop across R,
V3 = voltage drop across R,
15 = voltage drop across R,

FIGURE 4.1
EwV,=V,=V,

M‘Oft. lcw:ra} different loads requiring the same voltage are connected in paraliel.
Ha m resistance that would result in the same current flow and voltage drop

: flmuon of resistances is called the equiralent resistance. The equivalent
“stance of a parallel circuit is less than the resistance of any single branch of the

“rcut. To find the equivalent resistance, use the formula

PARALLEL
Jg 1 1 1

— N e—e — — e
¥ PR
R = equivalent resistance
R, = resistance of R,
R, = resistance of R,
Ry = resistance of Ry

-



FIGURE 4.14

Resistor R in part (b) is equivalent 10
the pair of resistances R, and R; con-

nected in parallel in part (a).

- ances is rc‘phctd by a single resistang
i ircuit. In the casc where th

(See Figure 4.14) ,
For compariso »
Figure 4.15(2)-
1. ﬁcumlmmtof\ntct
flowing through A or B.
2. The water flowing past
and R).
3. The larger pIpes h

el circuits consider the water yS

n to parall
ﬂmanngthmugh R, + Rz + .3" }
point A divides into the th ree b

ave Jess opposition to water flow thar
has a larger CrOss- i arca than

pipes. Because Ry
Jess opposition to the flow of water and therefore carr

R; ot Ry

(@)

FIGURE 4.15
A water system may be compared to a parallel electric circuit.

. total amount of current d .
, mouns i broogh AocB. e A
men 1 .
S t flowing past point A divides into the three b
3- m ’m‘“‘tmmh‘w“ ¥ -
Caﬂ'yh[ptcmu. Wm 10 curren ._\".’:

Try This Activity

! Parallel Bulbs
|

Mh.o(dm‘o.wuvw

Vorisy

R s ey
‘ Wmsd"!m“'mmh “wdh . ¢\

' ey o I e g

S

note of the light. Attach a second
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__EXAMPLE 4.11

o1 mwmmmmmedmedmuanFmﬂ&

Data:
R, = 7001}
R; = 9000
Ru"'lon
R=1
Basic Equation:
| ! | |
-— R e o oy —
R R R R
Working Equation:

When using this formula, you should solve for the reciprocal of the unknown, then
substitute.

Substitution:
: __l_J._'_-'._I_
R 7000 900N 1200
R= 291
_EXAMPLE 4.12
0

Find the total current in the circuit shown in Figure 4.17.

Data:
R = 2300
Ry = 14002
Ry = 5000
£ = 500V
=1

First. find the equivalent resistance, R. Second, find the total current, |. To find R:
Basic Equation:

R RI R) R’
w““"l‘qunion:Sane
Substitution:

L & s | |

R 200 " 400 T 5000

W"MM"““WUI.mﬁM
R=13180N

Electricity 119

bj %

|
= R R, A,
‘:\.— 70003 900023 1200

FIGURE 4.16

— E =900V

FIGURE 4.17
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Tofind k

Data:

Basic Equation:

Working Equation: Same

I=7100A

R, <

- »
Bon<" &on
£= 15V

FIGURE 4.18

AAA
yy




> =<

W
1SV
TJ00 A
- 1640}
To find Ry
Basic Equation:
] | | |
B . Mradaiot
R R R R
Working Equation:
bl bl
By R R Ry
Substitution:

| 1 ' '._
R, 16401 38300 4500

Ry = 7020

" REVIEW QUESTIONS

Electric Charges

1. What part of an atom is pesifively charged and what part is

wgasiy charged?

2 How does the charge of one electron compare to that of
snother dectron? How does it compare with the charge
of a proton?

3. What is normally the net charge of an atom?

Coulomb’s Law

4. How does one caadsewb of charge compare with the
charge of a singk clectron?

5. How is Coulomb's law similar to Newton's law of
graviation? How is it different?

Conductors and Insulators

6. Whyflpmmlsgoodoonducmbothofhmmdof

1. 'hylel?au'nhstxhuﬂanmdmbbergood

| 8 g
How does & semicomdncsor diffcr from a eswdictor or an

% What )
5 o msistor composed of, and what are some of

Electric Potential

10, Ho
Mech energy is given 1o each coulo
b
n. :’:,“"‘. theough a 1SV batery? i
oy Doy ! 24y be charged to several thousand
"f'mi'h“mnllhoumdwuo(

-
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Ohm's Law

12.

13.

14,
15.

If the voltage impressed across a circuit is held constant
while the resistance doubles, what change occurs in the
current?

If the resistance of a circuit remains constant while the
voltage across the circuit decreases to half its former
value, what change occurs in the current?

How docs wetness affect the resistance of your body?
What is the function of the round third prong in a modern
household clectric plug?

Electric Power

16.

17.

What is the relationship among electric power, current,
and voltage?

Which of these is a unit of power and which is a unit of
energy—a watt, a kilowatt, a kilowatt-hour?

Electric Circuits

18,

19.

20.

21.

In a circuit of two lamps in series, if the current through
one lamp is 1 A, what is the current through the other
lamp? Defend your answer.

If a voltage of 6 V is impressed across the circuit in

the preceding question and the voltage across the first
lamp is 2 V, what is the voltage across the second lamp?
Defend your answer.

In a circuit of two lamps in parallel, if there is a voltage
of 6 V across one lamp, what is the voltage across the
other lamp?

How docs the sum of the currents through the branches
of a simple parallel circuit compare with the current that
flows through the voltage source?

22. What is the function of fuses or circuit breakers in a circuit?
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HOMEWORK

! Coulomb's Law

1. Two identical charges, cach =800 X 10 * C, are sepa-
rated by a distance of 25.0 cm. What is the force of
repalsion? i

2. The force of repulsion between two identical positive
charges is 0.800 N when the charges are (0,100 m apart.
Find the value of cach charge.

3. A charge of 430 X 107 C exerts a force of 940N
on a charge of 46,0 X 107 C, How far apart arc the
charges?

4. A :::g:gcof =30 X 107" C exerts a force of 0,045 N
on a charge of +5.0 X 1077 C. How far apart are the
charges?

5. When a —9.0-uC charge is placed 0.12 em from 2 charge
¢ in a vacuum, the force between the two charges is
850 N. What is the value of ¢?

6. How far apart are two identical charges of +6.00 pC if

. the force between them is 25.0 N?

7. Three charges are located along the x-axs, Charge

! A (+3.00 uC ) is bocated at the ongin. Charge B

l (+5.50 uC) is located at x = +0.400 m. Charge C

‘ (—=4.60 uC) is located at x = +0.750 m. (a) Find the
total force (and direction) on charge 8. (b) Find the toeal
force (and direction) on charge 1. (¢) Find the total force
(and direction) on charge C.

8. An dectric ficld has a positive test charge of

; 4.00 X 107* C placed on it. The force on it is 0.600 N.

{ What is the magnitude of the clectric field at the test

charge locaton?

1 9. What is the ficld magnitude of an clectric ficld in which a

negative charge of 200 X 107" C experiences a force of

; 0.0600 N?

, 10. An electric field exerts a force of 250 X 10 * N ona

' positive test charge of 500 X 107 C. Find the magni-

’ tude of the field at the charge location.

11. An clectric fickd exerts a force of 3.00 X 10*N on a
positive test charge of 7,50 X 107 C. Find the magni-
tude of the ficld at the charge location,

12. An electric field of magnitude 0.450 N/C exerts a force
of 800 X 107" N on a test charge placed in the field.
What is the magnitude of the test

13. Aan clectnic ficld of magnitude 0.370 N/C exerts a force
of 6.20 X 107N on a test charge placed in the fiekd.
What is the magnitude of the test charge?

14. What force is exerted on a test charge of 3.86 X 107 ¢

J if itis placed in an clectric field of magnitude
1.75 X 10° N/C?

15. What force is exerted on a test charge of 4.00 X 10°5
if 1t is placed in an clectric field of magnitude e
300 X 10° N/C?

Resistance

1. Find the resistance of 78.0 m of Nao 20 aluming am wi
2°C.(p=2B3X 100 em, A = 207 % m-:mez"

2. Find the resistance of 315 ft of No, oy
resistance 0.0262 £} /fi.

24 copper wire with

3. Find the resistance per foot of No. 22 e

5 ¢ has a resistance of 9.57 (1. .
11:07";"::. 100 ft of No. 18 copper wire has a e
of 0.651 f). Find the resistance ot’ 500 fr of
Find the resistance of 47‘5 m of No. 20 copp
2°C. (p= 172X 10 “flem, A = 207 X
Find the resistance of l(_l:) m of No. 20 copper
2°C. (p= 172X 10 2 cm, A = 207 >

7. Find the resistance of 5(_);0 m of No. 20 alu '
2°C. (p = 283 X 10 (.lcm../l = 207>
8. Find the length of copper wire with resistance |
and total resistance 3.00 €2
9. Find the cross-sectional area qf copper wire.
is 60.0 m long and has resistivity p = 172 X
and resistance 0.788 £}, |
10. Find the length of a copper wire with resist:
0.0262 £ /ft and total resistance 5.62 0.

4.

Ohm's Law

1. A beating clement operates on 115 V. IF it has
of 24.0 £}, what current does it draw?
2. A coffecpot operates on 120 VO If e di
its resistance. ]
3. An clectric heater draws a maximum of 14.0
resistance is 15.7 {1, on what voltage is it opy
4. A heating coil operates on 220 V. If it draw
its resistance.
- Find the resistance that draws 0.750 A on 1
What current does a 75.0-1) resistance draw ¢
- A heater operates on 220 V. If it draws 12.5
resistance?
8. What current does a 50.0-{) resistance dem
9. Whucummdocsal'ls-ﬂtaimnee :
10. A heater draws 3.50 A on 115 V. What is it
1. (a) What current does 2 150-) resistance ¢
bmcry?(b).Whnvohge would pr
the current in ()? (c) What current would
draw on the 10-V 2 F

dm&SOAmm(%wh‘w ¢

~ew

20 ) |
A 10-v im,"""‘l’““wdlns.o.w mp ¢
F.'dhmiﬂmcc f .,
4 Actries s 120 beery 1f g a
W'Zlo_ﬂ.ﬂuxn ¢ ._],.:‘

haéc)étg":'"{;‘wh.vhndng



perates on 115V,
rrent does 1 e
cs 00 120V If e dom!

raws 2 mavem of 4
). 0n what volage s 1
gtes 00 20 V. I 1w
that derws (T30 A
3 75.0-{) ressuan &5
a 20V |f 1 do e

1. Three resistors of 200 0, 5.00 £}, and 6.50 {} arc
. connected in senes with 2 24.0-V batery. Find the total
resistance of the arcuit.

2. Find the current in Question 1.
3. Find the equivalent resistance in the arcuit shown in

R,
AAA
Yy

1500 R, -
00N«

\AJ

— = 120V

A\

)
AAA
Yvy
200

4. Find the current through R; in Question 3
5. Find the current in the circuit shown in Figure 4.20.

R,
A

Yy
I 1500

— F = 8oV

L]
AAA
Yy

9000
FIGURE 4.20

6. Find the voltage drop across Ry in Question 5.
7. What emf is nceded for the circuit shown in

Figure 4.212

R, R,
1000 1700
I= 100A

= f >
—_— 4.
T £ 400 N1

Anl‘l

YWy

20N

FIGURE 4.2

:. Find the voltage drop across Ry in Question 7.
. Find the equivalent resistance in the circuit shown in
Figure 4.22,

R, M,
7000 30001
I=500A

‘E' s Ry

AAA
Yy

W, Fiod £, in the circui in Question 9,

Electricity 123
11. Find the values of Ry, Ry, and Ry in Figure 423,

R,
= "7

Eanbv = 270 V

I=290A

FIGURE 4.2)

12. Find the values of 1], R, and 1y in Figure 4.24,

R
a7l
(_’_ A"'AV ‘VAV‘V
I T R 1=
E«120V = b rs&v VL :gn

FIGURE 4.24

13. Find the values of Ry, 13, and Ry in Figure 4.25.

N
TR

- V, <«
E~T00V sV "gv:
Lo

yry
-

FIGURE 4.25

Parallel Circuits

1. (a) Find the equivalent resistance in the circuit shown in
Figure 4.26. (b) What is the total current in the circuit?
() What is the current through 8,2 (d) What is the
current through Ry?

R, =00
AAA
vy

r' R, « 7000
AAA
wy

.l. £~ %0V

FIGURE 4.2¢6

2 (a) Find /; (current through Ky) in the circuit shown in

Figure 4.27. (b) Find /£y, (c) Find /y. (d) Find the total current
in the dircuit. (¢) Find the equivalent resistance in the dircust.

£ =~ 00V

L e LY 4
: 5000 > 800N

I 2000 3

FIGURE 4.27
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3. (a) Find the resistance of Ry in the circuit in Figure 4.28. 4. (a) What is the equivalent resistance in the circuit shown
(b) What is the current through R,? (c) What is the cur- in Figure 4.29? (b) What emf is required for the circuit?
rent through Ry? () What is the voltage drop across each resistance?

(d) What is the current through each resistance?
/= 400A 4
E=250V I=100A
I.ﬁl R, R, R, A, R, R, R,
1500 1oq 1300 €7.00021500321.00

FIGURE 4.29
FIGURE 4.28
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Anyone wearing glasses 4% appreciatc the reiy

he nature of light may still be somewhat of a : + bend ing from onc med
mystery. However, its characteristics have been of NP a:snl; mdc: :mm is a tool that th
the subject of intensive study for hundreds of years. '_":":;'w Jescribe the ability of certain subst
Light may be transmitied, reflected, of shsing znd light as it passcs through them.

medum.
* Nature of Light

that can be scen by the bur

ight may be defined as radiant encTiy hu
L A new theory for the nature of light cmcrged as physicists beg
illating disturbance of an dectric field and 2 corre

magnetic field. Tt was -
ptrpcndxllh! [ransverse waves with one compontf!t ofthc wave ©
electric field and the other being 2 corresponding vibrating magnetic {
tmmlgncucwavcmvcsinndimdon i to both electric a
field components as shown in Figure 5.1. All such waves travel at the
in a vacuum (3.00 X 10*) but differ in their ies and -
that as the frequency increases to the right in Figure 5.2, the
Hcctromagmdcwavcsdu‘ﬂerfmodwrmnmmd ongity
dxydonmnccdnmcdiumsuchasﬁr.waw.otuolid through wh
As:mﬂl,ndiowavcs.visibleﬁghl.plmnp,‘ndxn” ra 0
at the same speed of hight. Electromagnetic waves are prodv ced
clectric charges, which create an electric field that in tumn cre tes 2
magnetic fickd,

Magnatc
feid

FIGURE 5.)

The clectric and magnetic ficld components
udmuidutod.cdimofmd:ﬂ

10t

FIGURE 5.2
wm
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Speed of Light

\

ne of the most important measured quantities in physics is the speed of
light, the speed at which light and other forms of electromagnetic radia-
gon travel. The speed of light, is now defined as 299,792,458 m/s. This is usually
sounded to 3.00 X 10° m/s.

The distance travelled by any form of electromagnetic radiation can be found by
substituting the speed of light ¢ into the equation s = s as follows:

s=a
,\ where 7= tume
».. ¢ = speed of light, 3.00 X 10* m/s
i ¢ = distance
ey
Cl %
mtf‘
14 7
| e traveled by an X ray n 0.100 5.
[[povtd
oo
g ¢ = |B86,000 mis
ot t = 01003
ol g =)
% Basic Equation:
s=at
Working Equation: Same
Substitution:
: s = (186000mvs)(0.1005)
' = |8,600 rmi
Very large distances, such as those between stars, cannot be conveniently
xpressed in common distance units, Astronomers therefore use the unit light-year
10 measure such distances. A light-year is the distance travelled by light in one
tarth year, 50 1 light-year equals 9.45 X 10'* m,
o’ as a Wave
{
oV m‘hmmofdocmmmedc radiation are composed of oscil-
.4 ous i gt in the electric and magnetic fields that exist in space. These oscilla-

up by the rapid movement of cha particles such as clectrons in
m“m in a hot object mcm light bulb filament. A wave is
ing points by i the distance between two successive correspond-
eter iy e (Figure 5.3), This distance is denoted by the Greek lowercase
76 x 1#' The wavelength of visible light ranges from about 4.0 X 107" m
74 'ﬁm"m human eye perceives light in the visible spectrum as one
the depending upon the frequency or wavelength of the light hitting

.‘. ; The longest visible wavelengths (A = ~7.5 X 107 m),




130

Introduction %o Physics

’ ived as red. The shortes

' Jowest frequencics, are perecived & 2
iz n‘;hdw,( Ad: ~40 X 107 m), which are the hlgﬁcsmu )
mu blue. The waveleagths of other clectromagnenc nons

Figure 5.2.

-
-

FIGURE §.)
The wavelength of a mw-mmhe&smm
points,

Another charactesistic of waves is the frequency, £ F \ '
vibrations or cycles per second of a wave. Frequency canben
number of wavelengths that pass a stationary pointin 1 5. Th
frequency (cycles/s)is named the hertz (Hz). (1 Hz = 1 cye
Since a “cycle” has no units, it does not appear in the

The following basic relationship exists for all )

c= A
where /= frequency

A = wavelength
¢ = speed of light
."“ R -
nd the frequency of a
Data:
A=500%107"m
€= 300 % 10" mvy
=1
Basic Equation:
cmAf
Working Equation:
«l
f A
Substitution;
£ w300 X 10" iy

500X 107

-mX|o"& (’ _
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\f: nwection

‘ eflection is the turning back of all or a part of a beam of light as it strkes
a surface. Unlike sound, light does not require a medium to Fmvcl thrqugh
and may be transmitted through empty space. When light does sml.:c a medium,
the light may be reflected, absorbed, transmitted, or undergo a combination of.lhc
‘ dhree. Mirrors show how light may be reflected. Any dark cloth sho'ws how light
may be absorbed. Window glass illustrates how light may be transmitted through
\ In studying reflection we observe what happens when light is turned back from
2 surface. The beam of a flashlight directed at a mirror shows several things about
refiection. First, upon striking the surface of the glass, some of the light :ls reflected
— in all directions. This is called scattering. If there were no scattering, no light would
reach our eyes and we would be unable to observe the beam at all. However, onlya
, very small part of the beam of light is scattered. Rough or uneven surfaces produce
he disiece beVect o, mote scattering than do smooth ones. This scattering of light by uneven surfaces is
called diffusion. Diffused lighting has many applications at home and in industry
where bright glare is not desirable.

Nearly complete reflection (with very littde scattering) is called regular (or
s the frequencr, f Frequagts specular) reflection. Regular reflection occurs when parallel or nearly paral-
re. Frequency casbeperesie lel rays of light (such as sunlight and spotlight beams) remain parallel after being
ot reflected from a surface (Figure 5.4). Note that the incoming rays are referred to

tationary pointin |8 ¥ giaident rays. g
1z (Hz). (1 He = 10=F= A flashlight beam on a mirror in a darkened room also shows something else
not appmmzh:bﬂ‘r about light striking a regular reflecting surface: The reflected rays of light leave
exists for all clecroas ™™ the surface at the same angle at which the incident (incoming) rays strike the sur-
face (Figure 5.5). Expressed another way, the angles measured from the normal

i W to the reflecting surface are equal. These angles are shown in
|| ]| \ /“‘
3
/sn,(.‘ “‘m e L]
Md Floung 5,4
@ Regar FIGURE 5.5
o ""“m(wﬁemdnpm S.nnmnnurfue.d\enﬂeeudnyt
RR-) ve at the same angle as the incident rays,
” o'
;,‘ 10"“‘ Angle of reflection:
Angle of
reflection (1
Lim Ly

(©)
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This behavior of light rays is defined by the following First Law of Ref

B ?irst Law of Reﬂection

’ Nvg‘ed«oﬂxe.mswwmmdrvn«zmnm-x
[_,-[_I

| e ——————————

Fusther observation of the light beam readily shows th
Reflection:

| WSecor;d Law of Reflection

he incident ray. the reflected ray, and the normal lpwpenocwr)wwmuhn' e s

These laws of reflection apply not only’

We consider next how images are formed &
Images formed by mirrors may be real im
virtual images (images that only appear

Real images made by a single migre
bclaqzcnhnn.nmnllch'
screen, Virtual images are always
same size as the object, They car



.Kht bcam fea), i

P d .
! ta

- W
<

urface 3l e 1 the 7% dire

ply 0ot oaly o g, vl
pes are formed by plane, coocm 2

' rsons bt 19
1y be real images fmags

nis

ﬁh' appear 10 the e ke

swg TITCTIL &
"ror -lrr 11“‘." -3 o ot
:IC mAm' ¢ '_.:"\..‘- |-

¢ the same suze &80

ays erect A

n o0 3 SCNER
cannot be show

irrors
, Plane Mirro

1 g%
L L

¥ '
'nJ \“‘:“" ..{.’"

o

 be et B85
d ma) =

* Images Formed by Concave Mirrors

ind a shiny tablespoon and look at your image in it (Figure 5.8). Now turn
ges are very different; one is erect and the

it over and look again. The ima

other, inverted (upside down). As we shall see, the kind of image pr
on the locaton of the object with respect to the mirror,

FIGURE 5.8

Reflected images as seen on Opposite sides of a large spoon
Phoen coueresy of Visuals Unbered

Figure 5.9(2) shows 2 spherical mirror with the key terms identified. The center of
Survature, C, is the center of the sphere that forms a part of the spherical mirror,

vertex, V, is the center of the mirror (sometimes called its optical center). The
pencipal axis is the line CV drawn through the center of curvature and the vertex,
ﬂwﬁwﬁm E, is the point on the prncipal axi

to t‘ht Principal axis converge in a concave mirror as n i
which they diverge in a convex mirror, The focal |

the principal focus of a mirror (or lens) and its vertex,

»duced depends

QA: (Poui _Pl“ﬂ‘ Outside
'H::;c) focal lenm

€ the f al Ry Py
;':l br3er g = : ’i::.“:;"l)\: : :‘::r:lcﬂvs mirror, the resulting image is mirtual, ereet

Light and Optics
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* |mages Formed by Convex Mirrors

B v looking into the back side of our tablespoon in Figure 5.8, we see
virtual, smaller image. Use the mirror diagram shown in Figure £

how such an image is fi

FIGURE 5.10
Formation of images in convex mirrors

* The Mirror Formula



[
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A second formula shows the magnification of the mirror and how the

. 3 f
3 the object and the height of the image depend on the object di'ﬂnccmdm
N
N - i il.g =
- g
.- .
where H-mﬁcfdon
R 1. hmgcha'ght
b, = object height
5 = image distance
= object distance

using both of the preceding formulas for concave and convex mirrors, remem-
hat the distance to a virtual image is always negative; similarly, the focal length
) convex mirror is also negative. An inverted image has a negative magnification
d an erect image has a positive magnification.

i~

1o 800 PREpee vy Iy X4 » e
5f a convex mirror forms an image
, . 05 A

24

5.00 cm behind the

5% ™ 100¢m
5 = ~500cm

.h‘:nmwmwm)num.(-)mwmu

fe1

et

“";'.l‘J“". m
{ e = T3 '
=S$00cm ~ 100em  500cm
mm"" can you cte 10 wppont
the clam that the frequency of ight
| does ot change upon reflection!
o, |y be negative only when forming virtual images and/or '

—
Ll
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R et chath 58, 1St hadd o
Alalyl S A el 3l a1 A
Dating: Scienust can find how long ago a plant
snimal died by measuring the rato of carbon-14
© .12 in the remains.
wﬂtﬂupw{qow%:“j&wl
12 S0 A 14 O3SV A O Bile G D o)
Ml A
e Tracers: Scientists can analyze biological
ar mechanical processes using small amounts of
radioactive ISOTOPES As tracers.
}z’ﬂﬂ cldaall Jilad elalall Sy 1oy )?‘[l oA
oS Agplaly) SR 56 B phea DigaS plaiialy 48K
el
al radioactivity: Is produced by the decay
' of unstable nuclides that is found in the environment.
Example of radioactive isotopes present due to
patural processes is radon (#Rn), uranium-238 (*°U),
thotum-232 (*Th) and potassium-40 *'K).

o
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2 Syl Jadl 3y e e gl s Y LA
bm gl Aelalyl Sl e Ol A b hs eyl sl
23955805 (R S9N b aplad Chlaadl i
(YK) 40 p i 5 (B2Th) 232 a8y (P¥U) 238
Food irradiation: A process intended 10 preserve food
for longer time and/or improve its quality.
Myl 5 ekl Jaia e )l Ales ga 1e A aali
AL el
Radiation Safety: Protective measure and actions to
avoad /minimize the risk from radiaton. Whenever
possible, exposure to radiation should be avoided.
On i iall Ay el jal g dad gue gh 1B AY) Y
SAY) 3 lal e ) ey plalyl i
Nuclear medicine: Is the use of radioactive sources in
medical diagnosis or treatment.

3 il e ) e aly) deadl plaaial g 1 g gl et

i) =l
Radiology: Use of x-ray in medicine.
silall b Al A0S plakid g sAalY ol

* Radiation

i

Rodinion is energy in the form of waves or moving particles that emitted

dioactive Deart 4 by an atom it changes from a higher encrgy state 10 a lower encrgy

s: Radioact™ mn; sate. Radiation can be classified into two categories: foniging radiation and now:

F;“-,wm*‘“'“” ieiging radiation, depending on its effect on the atom. lonizing radiation can

" be classified as:

FIGURE 4.1
I directly jonizing which is caused by charged particles and . e o
b indirectly lonizing which is caused by uncharged particles (as a result of ';T‘;::”::‘ MIAN 6)
o transfer of energy via momentum).

- 0““""? mhlgluuoml symbol used for hazard from radiation or radioactive material is

r(utﬂ:-’-' )yﬂ 'b?‘lnﬁgm‘cb.l.

Y f’ U ity kamiling radiation; changes occur in bound clectronic states of the atom.

’ g

.“on’o(“‘.'; ' M electron stays with its original atom cither by changing bound atomic
‘\j.uif" ';5)”" allevels or by changing its spin state.

" 4

W e ’

ol “:‘l' f

e v r Model of the Atom

A ".‘- 4 ’

lsﬂ“"ﬂ;‘-"’""'i 8 1913, Bohr appli : I
2T i ' f applicd the quantum theory of Planck and Einstein to the gIGURE 6.2

Dod:of 'h' atom :)f Rutherford and formulated the well-known plgncury
€ atom.” Bohr reasoned that clectrons occupy “stationary states

V. ¥, ) that the energy, not fixed position) at different distances from the nucleus and
: 08 can make “quantum jumps” from one energy state to another.

The Bohr model of the atom.
Although this model is very
oversimplified, it is still useful in
understanding light emission.

& (o g ,/7'
ﬂrﬂ B{’J N
' 'L:f'ﬁ“.’ v '7\
i oy
v, g ' Moded
P4 '/\""f" ’ 7 f “hm:‘m dels, has major defects because the electrons do not revolve in planes as plan-
1 d '(‘ p (". J "‘W X i “oebity” became “shelly” and “clouds. " We use sri because it was, and
aq~ 4 s .
0% . J") N'N 4 are not just bodies, like plances, but rather bebave like waves concen
" Pt of the som,
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Light

(il

Light Light
FIGURE 6.2
According to classical theory, an
clectron accelerating around its orbit
should continuously emit radiation,
This loss of encrgy should cause it
to spiral rapidly into the nucleus. But
this does not happen.

Ground state

FIGURE 6.4

Theee of many energy levels in an
atom. An electron jumping from the
thied level to the second level (red A),
and one jumping from the second
level to the ground state (green B),
The sum of the encrgies (and the fre-
quencies) for these two jumps equals
the energy (and the frequency) of the
single jump from the third level 1o
the ground state (blue C),

antum jump occurs (frop
mitted W2 s::: :32:: realized that the frequs
urthe b (actually, /= E/b), whes
electron is in the different ¢
d that the emitted ph
hich an clectron is vib
the atom. From the
¢ energies of the i

: 1 that light is € ‘
He reasoncd & S

i ner
higher to a lower en¢ i
of emitted radiation 18 dct'crmmc

om's encrgy

the difference in the at )
This was an important brca'kthmugh.c i 8
f "is not the classic frequency. |
ey differences 10

2 . , nergy
instead, is determined by :T;c:) ﬂ;&g st th

could advance 10 the nex )

its. i estion. 1!
s pnay ol e L oot
trons, according 10 i S d a nucleus should radiate ener

ses. So an electron accelerating aroun &
wa::,‘ 'n:.:n radiating away of encrgy should cause thc' cc:lecc:‘on E
ously. ¢ boldly deviated from classical physics bj

s (Figure 6.3). Boh : 3

:‘:: ::cu(\r)nm(;ocsn't) radiate light while it accclcmesd:o;nd the e
orbit, but that radiation of light occurs only when ectron o
from a higher energy level to a lower energy lc\'cl.. As we now ~" w, t
al to the difference in energy between £

a photon whose energy is equ : : =
lcscls. [ = bf. The frequency of the emitted photon, its color, depe

of the jump. So the quantization of light energy neatly correspong

tion of electron energy. ) 9.
Bohe's views, as outlandish as they seemed at the time, explainec

found in atomic spectra. Boht's explanation of the Ritz comb n
shown in Figure 6.4. If an electron is raised to the third energy le
w its initial level cither by a single jump from the third to the fie
double jump, first to the second level and then to the first vel.
paths will produce three spectral lines. Note that the sum of the er
paths A and B is equal to the single energy jump along path €S
proportional to energy, the frequencies of light emitted along path
added equal the frequency of light emitted when the transition
Now we can see why the sum of two frequencies in the spectrum!
frequency in the spectrum, :
Bohr was able to account for X-rays in heavier elements
are emitted when electrons jump from outer to innermost ork
X-ray frequencies that were later experimentally conf ‘med. Be
to caleulate the “ionization energy” of a hydrogen atom-
to knock the electron out of the atom completely, Tt s o
experiment, |
 Using measured frequencies of X-rays as well as visible,
violet light, scientists could map energy levels of all o . atom
model had electrons orbiting in neat circles (or ellipses) arrar
t'l:clls'; This model of the atom accounted for the general cher
the ¢ i . o
s u::.m“‘ Italso predicted a missing element, whi ch led
Bohr solved the myst of :
model of the atom, J: c“:"‘ys ::;nuc spectra while p g
as a crude beginni quick to stress that his model |
beginning, and the picture of electrons whirling ak
Pla_ncts about the Sun was not to be taken literall whitios &
paid no heed), His sharply defined orbits u,'; S pe
atom whose later description involved e O
quantum jumps and frequencies being
part of today's modern i p
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A Partiches which ortt the nudleus of an atom

), Aromd

2. Protons B Partiches without an dlectnc charge found in the nudleus of atomes.
3, Neutrons C. Material with atoms which all have the same number of protons
4, Electrons D. Postively charged particies found n the nucieus of an atom

§., Bervert E Basc buldng blocks of matter

P

and Radioactivity

eeper probing into the atom began in 1895 when the German physicist

Wilhelm Roentgen discovered Xerays—rays of an unknown nature.
Roentgen discovered these “new kind of rays” produced by a beam of “cathode
rys” (later found to be electrons) striking the glass surface of a gas-discharge
wbe. He found that X-rays could pass through solid matenals, could ionize the
s, showed no refraction in glass, and were undeflected by magnetic ficlds. Today
we know that X-rays are high-frequency clectromagnetic waves, usually emitted by
the de-excitation of the innermost orbital electrons of atoms. Whereas the electron
current in 4 Auorescent lamp excites the outer clectrons of atoms and produces
slraviolet and visible photons, a more energetic beam of electrons striking a solid
surface excites the innermost electrons and produces higher-frequency photons of
X-tadunon.

‘x'ﬂy photons have high energy and can penctrate many layers of atoms before
being absorbed or scattered. X-rays do this when they pass through your soft issuc
10 produce an image of the bones inside your body (Figure 6.5). In a modem X-ray
:“.:: target of the electron beam is a metal plate rather than the glass wall of
hl. early 1896, a few months after Roentgen announced his discovery of X-rays,

French physicist Antoine Henn Beequerel stumbled upon a new kind of pen-
m‘:‘;‘llﬁm Becquerel was studying fluorescence and phosphorescence cre-
e light and the newly discovered X-rays, and one evening happened to
tapped photographic plate in a drawer next to some crystals that contained

100 000 V

Filament 12V

Light-tight film holder
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o Now we'll burrow beneath the
electrons and go deeper o the
20m—10 the Jtome rudieul—where

| avadable enerpes dwarf those avalable
10 electrons. Ths 8 nuciedr physcs.
a topc of grem pubic merest—and
publc fear—not unkke the fear of
electricty more than a century ago
Wigh safeguards and wel-informed
corsumers, sooety has deterrmined
that the benefits of dlectncity outwegh
ts rigks. Licewse today with nucear
technoiogy's ritks versus its benefns.

Radoactvty has been around wnce
Earth's begrneg

FIGURE 6.5

X.rays emitted by excited metallic
stoms in the electrode penctrate flesh
more readily than bone and produce
an image on the film.
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Ly*t 6 emned by erevpy el
VRSO M BT TN T e
omemed by i energy Taetom
A The D0TeC Nucies

FIGURE 4%

The graph shows the docay (red
curve) of Ra- 226 nndonsciide. The
xanm presenn the tme chapsed and
the y axi peesenes the amosant of
acevy romnans. Half of the sciv.
v 18 reached st e of 1620 yeans,
therclore we say thas » the half ome
of Ra- 226

uranium. The next day be discovered to his surprisc that the photographic
had been darkened, apparently by spoatancous rachation from the urani
went 08 1o show that this new radution differed from Xerays in that it
air and could be deflected by chectric and magnenc fickls.

It was soon discovered that smiar rays are emitted by other e
thorum, actinium, and two ncw elements discovered by Mane and
polonium and eadmam. The emisson of these rays was evidence
deastic changes in the atom than atomic excItaton. These rays, &
wore the result not of changes in the dlectron energy states of
changes occurning within the ceneral atomic core—the nucleus, !
radioactivity, whach, bocause it mvolves the decay of the atomic
called radoscmv decay.

A commaon misconccption is that radsoactvity is something
ment, but it has been around far longer than the human nce. It
of our environment as the San and the ran. [t bas always been
on and i the air we breathe, and it s what warms the intenor
it molten. In fact, radicactrve decay m Earth's interior ks what
spurts from a gevser or wells up from a narural bot spang.
child's balloon is nothing mose than the product of radicactive
is as natural as sunshane and ran '

* Half-life

H alf-life (or £, 3) s detined s the time taken for th
ple 10 halve, Note that the halflife remains the sa
of the sample,

As the activity of a sampl & peoportional 1o the
present it is also possible 10 say that the half-life is the
radioactive nuclides in a sample 1o decay.

It is possible to show from thes geaph that the
decay constant. As you can see from the graph, the
quickly the substance will docay and benee a shorter ha

1
fa * —  Infaxt QB"_‘.

ll:g.

W2y

Wiy
™




s Alpha, Beta, and Gamma Rays

ore than 99.9% of the atoms in our cveryday environment arc stable. The
auclel in those atoms will be unlikely to change over the hfcl.in\c «;l’ the
aniverse. But some kinds of atoms arc unstable. All clements having an atomic
greatet than 82 (lcad) are radioactive. These elements, and others, emit
T three distinct types of radiation, named by the first three letters of the Greek ;lph1~
‘ bet, @, B , beta, and gamma. ‘

Alpha rays have a positive electrical charge, beta rays have a negauve electn-

al charge, and gamma rays have no charge at all (Figure 6.7). The three rays can

be gcplﬂlcd by placing 2 magnetic field across their paths (Figure 6.8). Further
e ki vestigation has shown that an alpha ray is 2 stream of helium nuclel, and a beta

——_— ray is 2 stream -of dectrons, Hence, we often call these alpba particles and befa particles.
e A gamma ray 1S clectromagnetc radiation (2 stream of photons) whose frequency
- 18 is even higher than that of X-rays. Whereas X-rays onginate in the electron cloud

outside the atomic nucleus, alpha, beta, and gamma rays originate in the nucheus.
Gamma photons pro\'idc information about nuclear structure, much as visible and

T X-ray photons providc information about atomic electron structure.
i
aked ja - o Gamma ray = ultra-high-energy
s B g2 ¥ nonvisible light
uns v .
= Alpha particle = helum nucley (no electnc charge)
g (+2 electric charge)
||"Tﬁ o= ,’/'
; o*
T
Magnet B =]
l the Lﬂ':-:‘.’-‘l =
o L Beta particle = electron
\~,,.|z'.¢" 4 (=1 electric charge)
“ Radium sample Lead block
I o~
£

Moune 4.9

"\Q“ life of

d s W‘mcud‘::::;‘n“’em‘ and other perishables i markedly increased when the

[ treated with MN\:‘:‘;‘” from a radioactive source. The strawberries 00 the right
w‘:;ﬁp. The food is onl iation, which kills the microorganisms that normally lead

A y of eadiation, as can Lﬁ receiver of rgdm'um and s in no way ransformed into an

‘ _ confirmed with a radiation detector.
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Light ray

NGO T

Xeray

VAV

FIGURE 6.7

A gamma ray is part of the elec-
tromagnetic spectrum. It is simply
clectromagnetic radianon that 18
much higher in frequency and encrgy
than hight and X-rays.

FIGURE 6.8

In 2 magnetc field, alpha rays bend
one way, beta rays bend the other
way, andl gamma rays doa't bend
atall. The combined beam COMES
from a radioactive sOurce pl:ccd at
the bottom of a hole deilled in a lead
block.
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FIGURE 4.10

Ongns of radiation exposure for
an average indrvidual in the United
States.

he concept Of half-life in

example of ¢ .
of carbon with 2 half-life o‘f 5730 e
14 during its lifetime as it natura

and levels of carbon-14 deca
material with an
he age. Fofcxamplcifzs' en b
itis around 5730 )uuoldi.e._ :
be 2 X 5730 = 11460 years old i.e. 2

Carbon-14 Dating is a uscful
Carbon-14isa radioactive 1SOtOpe

All living matter takes in carbon-
nature. Upon deat
to compare the acuvity 0
the same mass) and estimate t
of a living sample of equ
ity were quarter it wo

* Environmental Radiation

Comnummckandmimﬁbinoul cnvironment €
ofmdimaivcmxopdbecauscmof hem €
nium./\sammctoffxt.pcopkwholi\w'n brick, cONCre
cxposcdtogrcmcrammmsofmdhtiondﬂn people whe
The leading source of naturally occurring :
arising from uranium deposits. Radon is a he:
basements afiter it seeps up through cracks in
rtgiontorcgion,dcpendinguponloul peolc
y(mrhomtwithamdondcmlitm
c«mccdvcmcasu:cs.mhasmlingdte
adcquamvenmmon.mmumeaded.
About one-sixth of our annual exposure to
sources. poadi Al D
testing, and the coal and nuclear power
industry far outranks the nuclear po or
combustion of coal annually releases about |
<o that their release is a natural conseque
power industries generate bout 10,000
of this waste, however, is contai d ot

Natural background 76%
(Mkm 4
Earth minerals,

UNITS OF RAD

m Ao -|

of absorbed energy, ©
“ .~

_"..b P
have the ¢ ." X Ly
do more damag

* 1O |



forms of radiation cause greater harm than other forms even when we receive the
ame pumber of rads from both forms.

The unit of measure fo’r radiation dosage based on potential damage is the rem
(rocoRgen equivalent aan).” In calculating the dosage in rems, we multiply the number
of rads by a factor that corresponds to different health effects of different types of radi-
sson determined by clinical studies. For example, 1 rad of alpha particles has the same
hiological effect as 10 rads of beta particles.” We call both of these dosages 10 rems.

ey e Ca L o N
alpha | rad x 10 = 10 rems
beta . 10 rad x | = 10 reerss

__EXAMPLE 6.2

A sample of radium contains 6.64 X 107 atoms. It emits alpha partices and has a
L'M&oflmml-lonmammleftaﬂer 100 years?

FIGURE 6.1

A commercially available radon test

kit for the home.
Solution

Use equation 7.4, substitute Ny = 664 X 10 atoms; t = 100 year, then
) X |
N = 664 X 108 a0

N = 636 X 10" atoms

:A.ﬁ'rpho‘mod(mmddboaisfamdtoconuhb%themmberof
@rbon |4 nuclides as an equivalent piece from a modern sample. If the half-ife of
carbon 14 is taken to be 5730 years how old is the old wood?

Solution
N
Use equation 7.4, substitite E' = 25% = 0.25, this imphes
025 = e'w"
~0693
no -
025 5730+t

(n025 = ~13863)

5730
Theretore, | "3“3’(6_—(:9_3- 11460 years

D

mmh-mm.b&gwm I rad of alpha particles or | rad of beta

S PNk Mgl thegn

Hrage Quantities of radution by the approprate (xtor 1o get the
1 rems. Alpha | rag

P ticteg. aly "peaking, alpha particies are 10 tmes more damagng than beta
By
Ty

hhm ) e “::h' Rosngen, the discoverer of Xormys.
Particles have more Penctnting power, as previously discussed
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FIGURE 6.12

Nuclear radiation is focused on
harmful tssue, such as a cancerous
tumor, 1o sehectively kill or shrink
the tissue in a technique known as
radiation therapy. This application of
nuclear radiation has saved mallions
of lives—a chear-cut example of the
benefits of nuclear technology. The
inset shows the internationally used
symbol indicating an area where
radioactive material is being handled
Or p duced.

DOSE OF RADIATION AND ITS UNITS

ity whi he av

Absorbed dose is a basic dose quantity \\hu:h represents ¢
imparted to matter per unit mass (E/m) by lonizing rzdnuop. T““ ::k ?
per kilogram and its special name is called gray (Gy). Radiation nisk (¢
is calculated based on the type of

probabulity of cancer induction) ‘ : : :
sensitivity of the irradiated tissues, which requires the use of weighting

dose unit for health effects is given in Sievert (Sv).
Lethal doses of radiation begin at 500 rems. A person has about a X

surviving a dose of this magnitude delivered to the \\"holc b@y over
of time. During radiation therapy, a patient may reccive localized dose
200 rems each day for a period of weeks (Figure 6.12).

i

7y
"

All the radiation we receive from natural sources and from d
procedures is only a fraction of 1 rem per year. For convenience, th
wrillireny is used, where 1 millirem (mrem) is 1/1000th of a rem. The av
the United States is exposed to about 360 mrem a year, as Table 6.1 ing
80%% of this radiation comes from natural sources, such as COSMIC |
itself. A typical chest X-ray exposes a person to 5 to 30 mrem (0.0051
less than one ten-thousandth of the lethal dose. Interestingly, the by
significant source of natural radiation, primarily from the potassium
bodies contain about 200 grams of potassium, Of this quantity, abouts
is the radioactive isotope potassium-40, which is a gamma-ray em
every heartbeat about 60,000 potassium-40 isotopes in the average |
undergo spontancous rdioactive decay, Radiation is indeed he

5.4
&

TABLE 4.1
Annual Radiation Exposure
Source ARl o
Notural Origin

Cosme radation

Ground

Alr (radon-222)

Human tissues (K40, Ra-226)

Humeon Origin
Medcal procedures
Dagnostc Xorays
Nudlew dugnostcs
Contumer products
Weapons-test falout
Commercul fossl-fuel power plants
__CGNW nuciear power plants
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g, When radiation encounters the intricately structured molecules in the watery,
G ;& joa-rch brne that makes up our cells, the radiation can create chaos on the atomic
m3, W sale. Some molecules are broken, and this change alters other molecules, which

fe. '\ cmbe harmful to life processes.

e Cells are able 1o repair most kinds of molecular damage caused by radiation if
bfcxr the radiation is DOt LOO SEVELC. A cell can survive an otherwise lethal dose of radia-
> R son if the dose is spread over a long period of time to allow intervals for healing,
%y,  When radiation is sufficient to kill cells, the dead cells can be replaced by new ones
T e {except for most nerve cells, which are irreplaceable). Someumes a radiated cell will

survive with a damaged DNA molecule. New cells arising from the damaged cell
retsin the altered genetic information, producing a mtation. Usually the effects of a
mutation are insignificant, but occasionally the mutation results in cells that do not
function as well as unaffected ones, sometimes leading to a cancer. If the damaged
DNA is in an individual’s reproductive cells, the genetic code of the individual’s

offspring may retain the mutation.

RADIOACTIVE TRACERS

pathways arc called fracers.

o 7 4 L
,;za/é 1. Which of the following do electric or magnetic fickds not
o T ) alpha particles
o ‘f Z, ) beta particles
Atvfj//r,'/; gm::p
Pt Magnetic and electric fields deflect alpha particles,
P 2 '“:"mdﬂ.mdpnnam
| “\".9"/" ,ddm“dnmtpanmdnghcoumn
R icles
) bet parice
/| e
all are equally '
g 3 Urany penetrating
1/ ' Aficeen 235, uranium-238, and uranium-239 are
m mn
®) fons,
(‘q .
4 9 fucleans.
The balf e of

the '€ of carbon-14 is about 5730 years. Which of
Mn""lmmnn about the amount of carbo
8 your bones is accurate? = 5

@ The

Mmt ‘ .

Mrﬁ“”mﬂm:m?mmm“n
§ .GHMO‘W' ”

[

n inform farmers
sed to trace such

Ia scientific laboratories radioactive samples of all the elements have been made. FIGURE 6.13
This is accomplished by bombardment with neutrons or other particles. Radioactive  The film badge womn by this scientist
matedials are extremely uscful in scientific research and industry. To check the  contains audible alerts for both
sction of a fertlizer, for example, rescarchers combine 2 small amount of radio- radiation surge and accumulated
sctive material with the fertilizer and then apply the combinaton to 2 few plants, xposuce. lnformacon from the

The amount of radioactive fertilizer taken up by the plants can be casily measured
with radiation detectors. From such measurements, scientists ca

of the proper amount of fertilizer to use. Radioactive isotopes u

individualized badge is periodically
downloaded to a database for analy-
sis and storage.

L ”
LV ASSESSMENT QUESTIONS (MCQs)

(c) Thcpmauamoumofarboninywbomwill
reduce to zero in 11,460 years.

(d) The present amount of carbon in your bones wall
never reach zero, as the amount of carbon will con-
tinue 1o decrease by half of the amount remaining,

. Carbon-14 is a radioactive isotope of carbon that is

primarily produced by cosmic radiation in the
(a) atmosphere.

(b) food we eat.

(¢) intenior of Earth.

(d) fallout of nuclear bomb tests.

Most of the radiation in Earth's biosphere

(a) is the result of military acuvitics.

(b) originates from nuclear power plants.

(¢) occurs as natural background radiation.

(d) is in the form of COSMIC 1ays.

. Gamma radiation

(a) s high-energy charge particle

(b) is low-energy charge particke

(¢) is high-energy photons

(d) can be stopped with a sheet of paper

. X-rays can be produce by

(a) Interaction between protons
(b) Acceleration of electrons
(¢) Decay of neutrons

(d) Amplification of light

B
‘
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chectrons and gamma cannot be uscd _
10. Ed)‘mdum)' m:nn;’ -ppbctotl,: of radiation s available
n

: ity, I Jogzang
0 N b o e e
(c) Hydrology, radon and uranium mnl,\mmd s
(d) Rescarch reactoes, POULTON FENETALOTS

spec range from low to hlgh
. encrgics. The highest encrgy of the chectromagnetic
among the following is the
(a) Infra red waves.
(b) Ulera-violet.
(c) x-rays.
Gamma rays
12. S)lmnl radsoactivity can be found in
(a) homes.
(b) offices.
(c) intenor of Earth.
d) All of the above. .
13. {l%uch «‘)l' dhese is a beam of electrons with high speed?
(a) Alpha ray
(b) Beta ray
(¢) Gamma mys
(d) All arc different forms of hcllu.m .
14. Which of the following is not radioactive clement
(a) Uranium
(b) Radon
(¢) Nickel
(d) Polonium

. REVIEW QUESTIONS

Wave-Particle Duality

1. Why do photographs in a book or magazine look grainy
when magmified?
2. Docs light behave primarily as a wave or as a particle

when it interacts with the crystals of matter in photo-
graphic flm?

Double-Slit Experiment
. Does bight travel from one place o another in a wavelike

o a particle-like way?

Does light interact with a detector in 2 wavelike or a
particle-like way?

When does laght behave as a wave? When does it behave
as a particle?

Particles as Waves: Electron Diffraction

6. :‘I::;ndmcc can you cite for the wave nature of par-

7. When electrons are diffracted through a double slit, do
Ihcy?hu the screen in a wavelike way or in a particke-hke
way? Is the partern of hits wavelike or particle-like?

15. The unit of radiavon dose for health 1s

(a) Newton
(b) Rem

() Joule

16 ?’:l)’b:;l:sm(w (“'Co) has a half-life of 5 years. This
. UL

s the amount of that isotope remaining at the e

of 5 years will be

(a) zerO.

®

(@) the same
17 (\g)'hctn:n cku:ncm cjects an alpha particke, the atomie

' numbser of the resulting clement

(a) reduces by 1.

(b) increascs by 1.

() reduces by 2

(d) increasesby 2. -
18. The following 1S0tOPE 15 commonly usecc danng

(a) Cobalt-60.

(b) Carbon-14.

(c) Ccsium?ﬂt.‘ -3

d) None of the above. :
19. f’\l)!) atom that emits an alpha or beta Qomd:g

(a) Always becomes an atom of a different element

(b) Always remain the same atom.

(¢) Always becomes isotope of the same clements

(d) Always change its density.
20. Atoms can transmute into completely different aton

(a) Nature.

(b) Advanced laboratorics.

(¢) Normal laboratorics

(d) All the above

Discovery of the Atomic Nucleus

8. Why do most alpha particles fired through a peece€
gold foil emerge almost undefiected, and why do ot
bounce backward?

9. What did Rutherford discover about the atomic
nucleus?

Discovery of the Electron

10. What did Benjamin Franklin postulate about
- &e‘ftricity?
« What is a cathode ray? ‘
12, What property of a z:uhodc ray is indicated when
magnet is brought near the tube? .
13. What did ). ). Thomson discover about the CathoCs
14. What did Robert Millikan discover about the €65

Atomic Spectra: Clues to Atomic St

15. What did Johann Jakob Balmer discover about &
spectrum of hydrogen? e

16. What did Johannes Rydberg and Walter Riz &
about atomic spectra?



{ radiation dose for health iy
n

tope AAL-AU:V has a half-life of 5 years, Thic
, amount of that 1ot Pe remaining at the end
will be |

Ame.
O—gdﬁ:n ﬁ.—ﬂﬂam an S:J_d.- —492_».7._ the artom
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ASCS Vw. 2. :
ywing isotope is com
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yon-14.
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Bohr Model of the Atom

17. What relationship berween electron orbits and light emis-
sion did Bohr postulate?

18, According to Niels Bohr, can a single electron in one
excited state give off more than one photon when it
jumps to a lower energy state?

19, What is the relationship between the energy differ-
ences of orbits in an atom and the light emitted by
the atom?

Explanation of Quantized Energy Levels:
Electron Waves

20. How does treating the clectron as a wave rather than
as a particle solve the rddle of why electron orbits are

discrete?

21, According to the simple de Broglie model, how many
wavelengths are there in an electron wave in the first
otbit? In the second orbit? In the nth orbit?

22. How can we explain why electrons don't spiral into the

attracting nucleus?

Quantum Mechanics

23, What does the wave function ¥ .3:03% = .
24, Distinguish berween 3 #ur¥ function and 2 probubility density

Modem Physics 159

Correspondence Principle

26, Exactly what is it that “corresponds™ in the correspondence
principle?

27. Would Schrodinger’s equation be valid if applied 1o the
solar system? Would it be useful?

X-Rays and Radioactivity

28. What did the physicist Roentgen discover about a
cathode-ray beam stnking a glass surface?

29, What is the similarity between a beam of X-rays and a
beam of light? What is the principal difference between

the two?
30, What did the physicist Beequerel discover about uranium?
31. What two elements did Pierre and Mane Cune discover?

Alpha, Beta, and Gamma Rays

32. Why are gamma rays not deflected in a magnetic fickd?
33, What is the origin of a beam of gamma rays? A beam of

X-rays?

Environmental Radiation

34. Distinguish between a rud and a rem.
35. Do humans receve more radiation from artificial ot from

natural sources of radiation?

36. s the human body radioactive? Explan.

37. What kinds of cells are in most danger when they are
wradiated?

38. What is a racioactive tracer?
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Absolute Zero: The lowest 'vr\uhh temperature
Ulaa ) a A 0 OV a c Ml had
Bru (Boash thermal unit: The amount of heat (encrgy)
necessary 10 raise the temperature of 1 1b of water 1°1
a4 0 (D) 6w S A dpking ) &g a0 Baa gh
e Nl Sa e A e
Calorie: The amount of heat necessary to rasse the
remperature of 1 g of water 1°¢
da s ) A 6 Al Ll (G AR ) gl
E Tl O R P
Celsius Scale: The metric temperature scale on whach
jce melts at 0° and water botls at 100°
o alll oyl S g SN B T e A e
")ﬂ'\b) 100 s o\ JA,,\,"..Q)JI-
Change of Phase: (sometimes called change of ttate) A
change in a substance from onc form of matter
(solid, liqusd, or gas) to another.
KB e 0 gl ghy (ARad o Ul ) 1 gD 0
(3o ) S ida) & S
Condensation: The change of phase from gas or
vapor to a liquid.
I T B T N P e
Evsporation: The process by which high-encrgy
molecules of a liquid continually leave its surface
A e JAd Sy e e ekl D Adaat gr 3 A
Meadas o ) pudy
Fahrenheit Scale: The US. temperature scale on which
ice melts at 32° and water boils ar 212°,
o BN oy S S VN e b e et
e A 33212 Se ol gy gk 4 0 32
Freezing: The change of phase from liquid to sold.
Also called sobdyficatron.
ALY Y AT Y a3 Jpad e b 1aapd
bt Ll (e
Fasion: The change of phase from solid to liquid. Also
AL D AL Dl e b J gl e a1 fgeal)
el Ling Vgl 3
Heat: A form of internal kinetic and potential energy
contained in an object associated with the mouon
of its atoms or molecules and which may be
transferred from an object at a higher temperature
%0 0nc at 2 lower temperature.
:‘T::'”""’ w;«ﬁﬂ LD [ 2 2
2 iy i 46536 e S
Heat of Fu-iot;-)’r)h:nl:l). 2 el e
: required to melt | gor 1 kg
o Ilbof a biquid,

PEL PR Sl 3005 00 o 2 pget 60
R : B ety e
“: of Vaporization: The amount of heat required to

“’anc lgort kgor 1 Ibof & liquid.
1doe HERN ) IS A AN
Sl ey P

Kelvin Scale: The metnc absolute temperature scale 1L A
on which absolute zero is 0 K and the units are the t" ':'
same as on the Celsius scale .
el A 33 5 4S5 g il ) e e a1 OMS gl g *

S AR b i A Cin Py DA () A el :

Kilocalorie: The amount of heat necessary to raise the 4

temperature of 1 kg of warer 1°¢ .
15 om0 b A 6 ed A e 1 RS 90
C N I N

Mechanical Equivalent of Heat: The relanonshap

between heat and mechanical work
Sty i) el e D e sh el GOS0 LR
T

Melting: The change of phase from solid 10 hquad.

Also called fason
iy AT 3 Adad B o 30D e o 300
Apaand Y1 el e )

Method of Mixtures: When two substances at diffcremt .y
temperatures are mixed together, beat flows from :
the warmer body to the cooler body unul they reach .
the same temperature. Part of the heat lost by the -
warmer body is transferred to the cooler body and
to surrounding objects. If the two substances are b
well insulated from surrounding objects, the heat
lost by the warmer body 1s equal to the heat gained
by the cooler body

S s b ) a e sk ida e s g A Ay e
iy g o 3 ) pad N e YN gl a8 e

e e T L I Rl
Ordall sl Joall e 4 Al i) Ay 3 N0 et

G i gl (e B3 gkl )l i a2

3000 pead) gy 1 ) 0

Specific Heat: The amount of heat necessary to

change the temperature of 1 kg of a substance by
1°C in the metric system or 1 Ib of a substance by
1°F 1n the US system.
1500 0m A 0wl A 2016 )l S 4 oA 501 5 a0
Oe e ] g gl gl A e ) B el 2 S
ST PR b i b A 2 1 WD
Temperature: A measure of the hotness or coldness of
an object,
Mg B3y Ui ol e A AN A 0
Thermal Conductivity: The abibty of a matenal to
transfer heat by conduction.
54 84 a0 i e ikl 58 A g e dglea g0

Vaporization: The change of phase from bquid 1o a gas

Of Vapor,
g ) D Bk e 8D e e p 1 A
folatility: A measure of a biquad’s abslity to vaponize.
The more volanle the liquid, the greater is its rate of
CVAporanon.
A0 3 WS il e 53 ke g 3 50D A0
SAS Jaaa 3 (B 0




Electricl

] he maior goals of this chapter arc 1o enable you 1o

Describe the nature of clectng charges
Distinguish conduction and induction

Use( oulomb’s law to find the force between (h“g(\
Describe the charactensucs of clectnaty

Use Ohm's law to solve electnc flow pre sblems

Use electrical symbols to descnbe circuits

Find current. voltage, and ressstance in simple circuits
Describe the nature of cells and battenes

Analyze circusts with cells in senes and parallcl

e - P

—

Find dectric power

Keywords:

Electric charge; Electricity; clectric foroe; potential; electric field Conduction; Electrical circuits; E

Summary of Terms

l",l(‘C"iC“y: General teem for clectnical ph(‘nl mena
much like gravity has to do with gravitanonal .
p_hcnnmcﬂl. OF SO ;nlug\ with social phcnumcna
i I*‘)\;.%A,"H"‘;‘.".hw
)".‘4*‘0&';5““""‘ .'5;. “ :
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Electre ics: T ]
trostatics: The study of electric charges at rest
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Electric potential: The clectric potential energy per unit
of change, measured in volts, and often called iy
clectric potential energy
Voltnge charge
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Capacitor: An clectrical device—n its simplest form,
a pasr of parallcl conducting plates separated by
1 small distance—that stores clectne charge and
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Potential difference: The difference i ehectnic potential
between two points, measured in volts. When two
points of different clectric potential are connected
by 2 conductor, charge flows so long as a potential
dufference exasts
(Synoaymous with redtge difference)
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Electric current: The fow of clectnic charge that
IFARSPOrEs cncrgy froun one |!|.u ¢ 10 another
Measured in amperes, where 1 A is the flow of
625 % 10" clectrons per second, or | coulomb per
second,
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Electrical resistance: The property of a matenal that
fesists clectne current. Measured in ohms (1)
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* law: The statement that the current in a
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Ut vanes in direct proportion to the potential

* Electric Charges

difference or voltage across the cirowt and inverscly

with the circuit’s ressstance.
reltuge
Current =
reslane

A\ |\nu'nl|.|| difference of 1 V across a resastance of
1 {} produces a current of 1A
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Electric power: The rate of encrgy transier, o the rate
of doing work; the amount of encrgy per unit ume,
which electrically can be measured by the product
of current and voltage
Power ™ current X voltage
Floctric power is measured in watts (or kilowatts), where
1) A X1l 1//s
Joha 1AS iy Jina o ARIY i Jine go tigly 480 500
JAA e UAy S el a0y o 0 e iy JS) AR
Ll Al
Gl A -0

Sapn (M y ) B0 A e A
IWe 1AX1V= 1)/
Series circuit: An electne circuit in which electrical
devices are connected along a single wire such that
the same electric current exists in all of them
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Parallel circuit: An clectric circuit in which electrical
devices are connected in such a way that the same
voltage acts across cach one, and any single one
completes the circuit independently of all the others.
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ter. Recall some important facts about atoms:
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he magor goals of this chapter arc o cnable you o

. Describe the nature of lighe

Solve peohlems involving the speed of light
Describe the laws of reflecton

Locate and descnbe images formed by
Apply the mirror formla to image formaton

planc, convex, and concave mIrrons.

Describe the law of refracthon

Describe wtal internal reflection
Locate and describe images formed by converging and diverging lenses,

Describe how the colors of the visible spectrum are formed through dispersion of w
Describe color as a property of light and how it is redated to its frequency or its

1

2
A
4
5.
6.
7.
L8
9%
0.
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5 Modern PhysicS

| he mayor X |ﬂ\ ol ("_1\ ("\JP(CI are 1o Cn)l)'.c you to:
del of the atom.

¢ of the current M
nucleus

1. Describe the developmen
s of the atomic

2. Describe the structure and properuc
3. Analyze pr Jblems of radioactive decay

4. Descnbe auclear fisson and fusion.

§. Descnbe pnn(.p'nct of detection and mecasurement of radioactuvity

Strong force; Nucleon; Radioactive Decs; /r‘,
(helium nuclei); Beta rays ); Radioactive Isotopes; Radioactive hali-iii
and Sievert (Sv); Rad and Rem; Carbon Dating; Radioactive Tracers; W adi

irradiation; Radiation Safety; Nuclear medicine; Radiology

Keywords:
lonizing Radiation; Non-ionizing radiation;
(electrons or positron

summary of Terms
v in the form of waves Alpha particle (helium nuc

lonizing Radiation: It s encrg

or moving particics that emitted by an atom when
it changes from a higher encrgy state to a lower s Aslall jeels 5

encIgy statc .
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3 Gamma rays:

Non-ionizing radiation: Changes occur in bound

electronic states of the atom.
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Strong force: |s attracuve nuclear force that bound )
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Nucleon: Is proton and/or neutron. 5
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Radioactive Decay: The atoms of radioacuve clements
cmit three distunct types of radiation called ajpbe
particks, beta particies, and gammea rays.
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