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NPEANCJIOBUE

IIpemmaraemoe ydeOHOE MOCOOME MpeaHA3HAYCHO MJIT OOYydYeHUS
po(heCCUOHANBHON aHTJIOS3BIYHON TEPMUHOJIOTHHU CTYACHTOB, IHPO-
KOH WM y3KOM CIEIUATbHOCTHIO KOTOPBIX sBiseTcs mpeamet «OO0rmas
¢uznka». B cooTBeTCTBUM ¢ TPeOOBAHUSIMH CTaHIAPTOB 00pa30BaHUs U
C YYETOM PEKOMEHAANWH MPUMEPHON MPOTrpaMMbl JUCIUIUIMHBL «HO-
CTpPaHHBIA S3BIK», YTBEPKICHHOW MMHHCTEPCTBOM O00pa3oBaHUSI U
Hayku P® s o0ydeHHs1 CTYIEHTOB €CTECTBEHHBIX (DaKyJIbTETOB YHH-
BEPCHUTETOB U BY30B €CTECTBCHHO-HAYYHOT'O U TEXHHUYECKOTO MpoduIs,
pEeKOMEH/IyeTCsl P OOYUYCHHH SI3BIKY /IS CHenuaibHbIX meneit (lan-
guage for specific purposes — LSR)ionp30BaTh COOPHUKN TEKCTOB Ha
WHOCTPAHHOM SI3BIKE [0 OCHOBaM CICIIHATBLHOCTH.

Becr TekcToBOW MaTepuan MocoOuMsS ayTeHTHYHBIA W OTOOpaH u3
yuebHnka «Serway's College Physics¥posens usnokeHus npeaMera
«O0miast ¢pu3KMKa» B 3TOM aHTJIOSA3BIYHOM Y4YeOHUKE BIIOJHE JOCTYIICH
POCCHIICKAM ydamumcs, n30paBiimM (U3UKY M TEXHHYCCKHE TUCIIU-
IUIMHBI B KauecTBE CBoew Oymymien mpodeccun. IlocmemoBaTenbHOCTE
W3TIOKEHUS TpenMeTa, MOPSAAOK W Ha3BaHHUS IJIaB B IIpeJiaraeMoM
y4eOHOM TTOCOOWH IOJIHOCTBIO COOTBETCTBYIOT IEPBOUCTOYHHKY. DTO
JTaeT BO3MOXHOCTh OyAaymuM (hU3UKaM O3HAKOMHUTBCS C OCOOCHHOCTSI-
MU H3JI0KCHUS TIpeIMeTa 3a pyOexkoM, Tak KaKk YYeOHUK H3/IaH MEWKIY-
HapOAHBIM H3/aTeNbCTBOM, oOxBaThiBaommM kpome CHIA, crpanb
Asumn, Ascrpammu, EBpomnsl, Jlatuackoit Amepuku u Kanamny. Kpome
TOTO, B TEKCTaX IMOCOOMS COXpaHEHa WCTOPHS Pa3BUTHA (U3UKH U
HaIMX 3HAHUH 0 cyIecTBOBaHUU Beemennoit. [1pu aToMm B paspaboraH-
HOE€ Toco0re He BOILIHM CIIOKHbIE 1 MHOTOYHCIIEHHBIE MATEMATHYECKUE
BEIUMCIICHUS, U U3JI0KEHUE MaTepralia POUCXOIUT UCKITFOUNTEIIEHO Ha
KauyeCTBEHHOM YPOBHE, YTO TO3BOJISIET YyUYAIIUMCS COCPEIOTOYUTHCS Ha
M3y4eHUHN MPOo(eCcCHOHATBHON aHTIIOSN3BIYHOW TEPMHUHOJIOTHH B €€ HC-
TOPUYECKONW M JIOTUYECKOH IMOCIEA0BATEIIEHOCTH. Y4eOHOe mocobue
cocrout u3 30 paszmemos (UNits), crpynmupoBaHHBIX B IIECTh YaCTEH:
yacth 1 —«Mexanura», dacts 2 — «Tepmoounamuxa»; 4actb 3 — «Ko-
nebanus u 60AHLI»;, 4acThb 4 — «DIeKmpuiecmeo u MacHemu3m», 4actb
5 —«Cesem u onmuxa»; yactb 6 —«Cospemennas usuxa».



Kaxapiii ypok mocoOusi, Hapsay ¢ BBEACHHEM JISKCUYECKOTO Mate-
puana B BUJIe TEKCTOB, COJICPKUT TEPMUHOJIIOTUIECKUI Te3aypyc, KOTO-
PHlii TIO3BOJISIET BBISIBUTH U JIOTUYECKH YIOPSAOYUTH TSPMHUHBI KaXI0TO
YpOKa B MX CBSI3U C JPYTHMMH pa3lielaMy U MOHATHIMHA. Te3aypyc, Wiu
TEMaTUYeCKUH CJIOBaph, YCTAHABIMBACT NPEJAMETHBIE U JIOTUYECKUC
CBsi3M 0a30BBIX, OCHOBHBIX, MPOU3BOJHBIX U MPOYUX TEPMUHOB, 3aMe-
Hsil KOHTEKCT U €CTECTBEHHBIM O0pa30M OTKJIAJBIBAsCh B IMAMSATH yda-
muxcsi. Cioco6 oTOopa JIEKCHIEeCKOr0 MaTeprasia B MMOCOOUHN SBIISCTCS
METOJUYECKHM, YTO MO3BOJIsieT OoJiee A(h(EeKTUBHO yCBaMBaTh mpodec-
CHOHAJIbHYIO aHTJIOSA3BIYHYIO JICKCHKY 3a CYeT NapaJurMaTHYEeCKUX
KOHTEKCTHBIX CBSI3€i TEPMHHOB, YTO BEChbMa aKTyallbHO B YCIIOBHUSX
OTPaHUYCHHBIX BPEMEHHBIX BO3MOXKHOCTEH ISl U3yUEHUS aHTIIMHCKOTO
sI3pIKa B TEXHUYECKOM BYy3e. B KaKJIOM ypOKe COIEp)KaTcs BOMPOCHI K
TEKCTY, OTBETHI HA KOTOPHIE MPEIyCMaTPUBAIOT AaKTHBHOE HMCIOIH30Ba-
HUE H3y4acMON TePMUHOIOTHH.

Jus popMupoBaHuUs JTEKCHIECKUX HABBIKOB B KaXJIOM YPOKE COJEep-
KUTCS TPU BUJIA YIpaKHEHHU. YTpakHeHHe 1 mpemiaraeT cOCTaBUTH
TEPMHHBI U3 TpeajaraeMoro Habopa OyKB M HAmNpaBJICHO Ha Pa3BUTHUC
NPOJYKTHBHBIX JIEKCHUECKMX HABBIKOB. B ympaxueHun 2 TpeOyercs
COCTaBHUTh TPABHJIBHBIC CIOBOCOYETAHHS W3 OTJAEIBHBIX CJIOB, YTO
HANPaBJICHO HA y3HABaHHUC (PPA3CONIOTHMUCCKUX CIUHUII, SBISIFOIIUXCS
CaMOCTOSITETIbHBIMA TepMHUHAMH. B ympaxkHeHun 3 mpejiaraercsl BbI-
OpaTh TEPMHH CpEJIM MEPEUUCICHHBIX U BCTABUTh €TO B TEKCT. YIPax-
HEHHUE HaIpaBlieHO Ha (pOPMHUPOBAHWE 3HAHWIN CEMAaHTHKH TEPMHHA U
pacro3HaBaHUe ero 3HAYCHHUS 10 KOHTEKCTY.

B npunokeHnn mocoOus MOMEIIeH TEPMUHOJIOTHYECKUH CIIOBaph,
COCTOSNIMH KaK M3 OTACNBHBIX CJIOB, TAK W W3 CJIOBOCOYeTaHHi (CO-
crapstiomux 6onee 80% tepmunoB pusuku). Ca0Ba, BXOAAIINE B CIIO-
BOCOYCTAHNE, MOTYT OTCYTCTBOBATh B TEPMHHOJOTMYECKOM CIIOBape
MPUJIOKEHUS B BUJIC OTIENBHBIX IMOHITHH, TaK KakK MPEINoJiaraeTcs
(hopMHpOBaHUE MOTEHIIMAILHOTO CIIOBAPs ydallerocs B mporecce ooy-
yeHus. [Ipu 5TOM HEKOTOpBIE TEPMHUHBI MOTYT IPUCYTCTBOBATH HEOTHO-
KpaTHO, TaK KaK UX MEPEBOJ] 3aBUCUT OT KOHTEKCTa. TUITUYHBIM TIpUMe-
pOM SIBIISIETCSl MOHATHE «MOMENtum»gBIstoleecs OCHOBOIOATako-
mmM B (u3nKe, MPaBHIBHBIN MEPEBOJ] KOTOPOTO 3aBHCUT OT OOJIACTH
MIPUMEHEHUS.



Hacrosimiee yuebHoe nocobue no3soisieT ycBouth 0osiee 1000y4e6-
HBIX JICKCHYECKHX CJMHUI] U HalpaBleHo Ha 3(dexkTuBHOE oOyueHHe
npodheccuoHaTbHON TEPMUHOJIOTHU B KOHTEKCTE TIPEIMETHOH 00acTH.
[Mocobue MOXeT OBITh HCIOJIB30BAaHO KaK IOIONHEHHUE K OCHOBHOMY
KypCy aHTJIMICKOTO sI3BIKa IS crieiManbHbIx meiei (English for specif-
ic purposes — ESPHTeHne TeKCTOB M OTBETHI Ha BOIPOCHI 3aliMyT
JMIIb YacTh BPEMEHH, OTBOJMMOTO Ha 3aHSITHE, a YIMPaKHEHHUS MOTYT
OBITh TMPEUIOKEHBl B KavecTBE JOMAIHETo 3ajiaHus. [Ipemimaraemoe
y4eOHOe MOcoOHMe TakKe MOXKET OBITh HCIOJIB30BAHO ISl U3YYCHHS
npo(heCCHOHATBHOM aHIJIOS3BIYHOM JICKCHKU B KOJUICIDKAX, JIMIEAX U
TUMHA3USX COOTBETCTBYIOIIETO MPOQUIIS.



PART I

Mechanics

UNIT 1
FUNDAMENTAL CONCEPTS

Read the following texts. Study the thesaurus ondi 1, answer
the questions after the texts

The goal of physics is to provide an understandihghe physical
world by developing theories based on experimektghysical theory is
essentially a guess, usually expressed mathenhgtisabut how a given
physical system works. The theory makes certaidigiiens about the
physical system which can then be checked by obtens and experi-
ments. If the predictions turn out to corresporadely to what is actually
observed, then the theory stands, although it resm@ovisional. No theo-
ry to date has given a complete description ofphjfsical phenomena,
even within a given subdiscipline of physics. Evérgory is a work in
progress.

The basic laws of physics involve such physicahtjties as force, ve-
locity, volume, and acceleration, all of which dandescribed in terms of
more fundamental guantities. In mechanics, theetimest fundamental
quantities are length.§, mass¢), and time T); all other physical quanti-
ties can be constructed from these three.

Standards of Length, Mass and Time

To communicate the result of a measurement of &icephysical
quantity, a unit for the quantity must be definedr example, if our fun-
damental unit of length is defined to be 1.0 medad someone familiar
with our system of measurement reports that ai@&ll0 meters high, we
know that the height of the wall is twice the fundantal unit of length.
Likewise, if our fundamental unit of mass is defires 1.0 kilogram, and
we are told that a person has a mass of 75 kilagréman that person has a
mass 75 times as great as the fundamental unias$.m

In 1960, an international committee agreed on adsta system of
units for the fundamental quantities of sciencéiedss! (System Interna-
tional). Its units of length, mass, and time aeerteter, kilogram, and se-
cond, respectively.
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Length
In 1799, the legal standard of length in Franceatrecthe meter, de-
fined as one ten-millionth of the distance from #wpiator to the North
Pole. Until 1960, the office length of the meterswiae distance between
two lines on a specific bar of platinum iridiumaadl stored under con-
trolled conditions. This standard was abandonedséweral reasons, the
principal one being that measurements of the sépartaetween the lines
are not precise enough. In 1960, the meter wasedeas 1650763.73
wavelengths of orange-red light emitted from a toypgB6 lamp. In Octo-
ber 1983, this definition was abandoned also, hedrteter was redefined
as the distance traveled by light in vacuum du@ngime interval of
1/299792458 second. This latest definition estiaéighe speed of light at
299792458 meters per second.
Mass
The Sl unit of mass, the kilogram, is defined a&srtiass of a specific
platinum-iridium alloy cylinder kept at the Intetimaal Bureau of
Weights and Measures at Sevres, France. Massuigrdityy used to meas-
ure the resistance to a change in the motion obgett. It's more difficult
to cause a change in the motion of an object witlige mass than an ob-
ject with a small mass.
Time
Before 1960, the time standard was defined in tesfrhe average
length of a solar day in the year 1900. (A solay dathe time between
successive appearances of the Sun at the highesttpeaches in the sky
each day.) The basic unit of time, the second, desned to be
(1/60)*(1/60)*(1/24) = 1/86400 of the average salay. In 1967, the se-
cond was redefined to take advantage of the higtigion attainable with
an atomic clock, which uses the characteristicueegy of the light emit-
ted from the cesium-133 atom as its "referencektldthe second is now
defined as 9192631700 times the period of osdhatif radiation from the
cesium atom.
Coordinate systems
One convenient and commonly used coordinate syistém Cartesian
coordinate system, sometimes called the rectangotadinate system. An
arbitrary point in this system is labeled with du®rdinatesy; y). Positive
x is usually selected as right of the origin anditpee y upward from the
origin, but in two dimensions this choice is laygelmatter of taste.



Fundamental concepts

= Lengtt Standard o
% " length
£ .2 | Mas: Standard o
I= mass
S S | Time Standard o
L o time
Units Conversior
of units
Systerr of Systen Metei(m)
units Interna- | Kilogram
tional (kg)
(SI) Secon(s)
Gaussial | Centimete
system of| Gran(qg)
units Secon
U.S. cis- | Fool
tomary Sluc
system Secon
Coordinate | Rectangulal
system (Cartesian)
coordinate
system
* Polar cocr- Trigo- Pythagoe-
I dinate system nometry | an theorem
2 Refer-
o ence line
@ Refer-
] ence
= clock
Formulas Mathematica | Order-of-
2 Symbol magni-
-% tude cal-
S culations
= Estimate Approximate
o calculations | values

Fig. 1. Thesaurus for Unit 1
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Sometimes it's more convenient to locate a poisparce by its plane
polar coordinates (£). A point is then specified by the distance r fritva
origin to the point and by the andldetween the reference line and a line
drawn from the origin to the point. The standafénence line is usually
selected to be the positiveaxis of a Cartesian coordinate system. The
angle£ is considered positive when measured countercligekfxom the
reference line and negative when measured clockwise

Trigonometry

The basic trigonometric functions defined by sudheaamgle are the ra-
tios of the lengths of the sides of the triangleede relationships are called
the sine, cosine, and tangent functions. Anothgromant relationship,
called the Pythagorean theorem, exists betweeletigths of the sides of
a right triangle.

What physical quantities do the basic laws of ptgy/sivolve?
What are the three most fundamental quantitieseichanics?
What do you know about the standard system of galted SI?
What is the standard of length nowadays?

What three relationships in trigonometry could yame?

arwdE

Exercises

1. Rearrange the letters in the anagrams to form edvalents for the
Russian words:

Buiuucnenus cuonlaclatis
Cexynoa condse
Canmumemp tinecmeter
H3mepenus mentssureaem
Memp terem

2. Match the words in A with the words in B to formword combina-
tions:

A B
Order-of-magnitude values
Fundamental International
System theorem
Reference calculations
Pythagorean line
Approximate guantities
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3. Fill in the gaps with the missing words from thdist:
dimension, slag, coordinate system, second, &, uestimate, foot

1. In physics, the world denotes the physical nature of quanti-
ty.

2. In U.S. customary system the units of length, masd,time are
the , , and

3. are almost universally accepted in science anasingl

4. Any under ten thousand are small compared with Earth’s
total population, but a million or more would barahing.

5. Many aspects of physics deal with location in spatgch require
the definition of a .

UNIT 2
MOTION IN ONE DIMENSION

Read the following texts. Study the thesaurus ondi 2, answer
the questions after the texts

Life is motion. Our muscles coordinate motion msoapically to ena-
ble us to walk and jog. Our hearts pump tireleséstydecades, moving
blood through our bodies. Cell wall mechanisms mssfect atoms and
molecules in and out of cells. From the prehistatiase of antelopes
across the savanna to the pursuit of satellitepéte, mastery of motion
has been critical to our survival and successsapeeies.

The study of motion and of physical concepts suctoece and mass is
called dynamics. The part of dynamics that dessribetion without re-
gard to its causes is called kinematics. In thid, thme focus is on kinemat-
ics in one dimension: motion along a straight lifkis kind of motion -
and, indeed, any motion - involves the conceptdisglacement, velocity,
and acceleration. Here, we use these conceptadyp #ie motion of ob-
jects undergoing constant acceleration.

The first recorded evidence of the study of meatsaoan be traced to
the people of ancient Sumeria and Egypt, who weezdsted primarily in
understanding the motions of heavenly bodies. Thst rsystematic and
detailed early studies of the heavens were condumtehe Greeks from
about 300 b.c. to a.d. 300. Ancient scientists lagdeople regarded the
Earth as the center of the Universe. This geoceminidel was accepted by
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such notables as Aristotle (384-322 b.c.) and Qlsudtolemy (about a.d.
140). Largely because of the authority of Aristotlee geocentric model
became the accepted theory of the Universe ustil #ith century.

About 250 b.c, the Greek philosopher Aristarchusked out the de-
tails of a model of the Solar System based on ar&jath Earth that rotated
on its axis and revolved around the Sun. He prapthss the sky appeared
to turn westward because the Earth was turningvasst This model was-
n't given much consideration, because it was badiehat if the Earth
turned, it would set up a great wind as it movedugh the air. We know
now that the Earth carries the air and everythisg with it as it rotates.

The Polish astronomer Nicolaus Copernicus (147315l credited
with initiating the revolution that finally repladeghe geocentric model. In
his system, called the heliocentric model, Eartth e other planets re-
volve in circular orbits around the Sun.

This early knowledge formed the foundation for Werk of Galileo
Galilei (1564-1642), who stands out as the domifeaititator of the en-
trance of physics into the modern era. In 160%dwame one of the first
to make astronomical observations with a telescbipeobserved moun-
tains on the Moon, the larger satellites of Jupgpots on the Sun, and the
phases of Venus. Galileo's observations convinagedohthe correctness
of the Copernican theory. His quantitative studynadtion formed the
foundation of Newton's revolutionary work in thexneentury.

Displacement

Motion involves the displacement of an object frone place in space
and time to another. Describing the motion requs@se convenient co-
ordinate system and a specified origin. A framesférence is a choice of
coordinate axes that defines the starting pointrfeasuring any quantity,
an essential first step in solving virtually anglgem in mechanics.

Because displacement has both a magnitude (sidej dinection, it's a
vector quantity, as are velocity and accelerafiogeneral, a vector quan-
tity is characterized by having both a magnitude ardirection. By con-
trast, a scalar quantity has magnitude, but nctitre Scalar quantities
such as mass and temperature are completely ggaifia numeric value
with appropriate units; no direction is involved.

Velocity

In day-to-day usage, the terms speed and velo@tyngerchangeable.

In physics, however, there's a clear distinctiotwben them: Speed is a
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scalar quantity, having only magnitude, while vélocs a vector, having
both magnitude and direction.

Why must velocity be a vector? If you want to getattown 70 km
away in an hour's time, it's not enough to driva apeed of 70 km/h; you
must travel in the correct direction as well. Tiki®bvious, but shows that
velocity gives considerably more information thgeexd, as will be made
more precise in the formal definitions.

The average speed of an object over a given titeeval is defined as
the total distance traveled divided by the totaktielapsed.

Acceleration

Going from place to place in your car, you rareivél long distances
at constant velocity. The velocity of the car irg®s when you step harder
on the gas pedal and decreases when you applyakesb The velocity
also changes when you round a curve, altering gloaction of motion.
The changing of an object's velocity with time &led acceleration. The
average acceleration during the time interval ésdhange in velocity di-
vided by time (meter per second per second)m/s

Acceleration is a vector quantity having dimensioh¢éength divided
by the time squared. For the case of motion imaagsit line, the direction
of the velocity of an object and the directiontsfacceleration are related
as follows: When the object's velocity and accélamaare in the same
direction, the speed of the object increases witle.t\WWhen the object's
velocity and acceleration are in opposite directidhe speed of the object
decreases with time. The minus signs indicatetkieatelocities of the car
are in the negative direction; they do not mean the car is slowing
down! Positive and negative accelerations spedifgctions relative to
chosen axes, not "speeding up" or "slowing dowhé ferms "speeding
up" or "slowing down" refer to an increase and eel@se in speed, respec-
tively.

The value of the average acceleration often diffedifferent time in-
tervals, so it's useful to define the instantanemagleration. The instanta-
neous acceleration is the limit of the averagelacon as the time inter-
val.

14



Motion In One dimension

Kinematics

11

Displacement Displacement in | Displacement
two dimensions in vehicular
movement
Speed Scalar quantity Meter per se-
cond
Average speed Total distanc
Total time
Velocity Vector Magnitude
Direction
Instantaneous ve-
locity
Velocity vs. Time
graph

Acceleration

Average accelera
tion

- Meter per se-
cond per se-
cond

Speeding up

Slowing down

Instantaneous ac-
celeration

Instantaneous
acceleration of
running ball
player

Negative accelera
tion

Deceleration

Motion diagram

Zero acceleration

Freely- Free-fall accelera-
falling- tion
objects

Fig. 2. Thesaurus for Unit 2
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Negative acceleration doesn't necessarily meanbgttois slowing
down. If the acceleration is negative and the wilas also negative, the
object is speeding up. The word deceleration maagduction in speed, a
slowing down. Some confuse it with a negative aredbn, which can
speed something up.

Velocity and acceleration are sometimes confuséll edch other, but
they're very different concepts, as can be illtstravith the help of mo-
tion diagrams. If the car moves the same distaneach time interval, this
means that the car moves with constant positivecitgland has zero ac-
celeration.

Freely falling objects

According to legend, Galileo discovered the lawfalling objects by
observing that two different weights dropped siamdtously from the
Leaning Tower of Pisa hit the ground at approxityatee same time. Alt-
hough it's unlikely that this particular experimesmas carried out, we
know that Galileo performed many systematic expenis with objects
moving on inclined planes. In his experiments, biked balls down a
slight incline and measured the distances theyredve successive time
intervals. The purpose of the incline was to redihee=acceleration and
enable Galileo to make accurate measurements oftdrwals. Galileo's
achievements in the science of mechanics pavedaihdor Newton in his
development of the laws of motion.

1. What does dynamics study?

2.  What is the part of dynamics that describes motithout regard
to its causes?

3. What do you know about geocentric and heliocentadels?

4. What is a frame of reference?

5. What is the difference between terms speed andity?o

6. Give the definition of the average speed.

7. Give the definition of acceleration.
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Exercises

1. Rearrange the letters in the anagrams to form edvalents for the

Russian words:

3amednenue cedeleration
Cmewenue placementdis
Ckopocmb (8exmop) lovetyci
Benuuuna tudenigam
Ycxopenue lerationacc

2. Match the words in A with the words in B to formword combina-

tions:
A B

Instantaneous distance
Freely-falling velocity
Total acceleration
Motion down
Free-fall objects
Slowing diagram

3. Fill in the gaps with the missing words from thdist:
average velocity, average speed, deceleration,taohpositive ve-
locity, zero acceleration, displacement, free-&ateleration, distance

1. The ball travels a equal to twice the maximum height
reached, but its is zero.

2. If you run from x = 0 m to x = 25 m and back to ystarting
point in a time interval of 5 s, the is zero, while the is 10
m/s.

3. The world means a reduction in speed, a slowing down.

4. The car moves the same distance in each time alteifvit
moves with and has .
5. An object falling in the presence of Earth’s gravixhibits a
directed towards Earth’s center.
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UNIT 3
VECTORS AND TWO-DIMENSIONAL MOTION

Read the following texts. Study the thesaurus ondi 3, answer
the questions after the texts

In discussion of one-dimensional we used the cdarmepectors only
to limited extent. In our further study of motionanipulating vector quan-
tities will become increasingly important, so mwgtthis Unit is devoted
to vector techniques. We'll then apply these mattemal tools to two-
dimensional motion, especially that of projectil@sd to the understanding
of relative motion.

Vectors and their properties

Each of physical quantities can be categorizedtlasre vector quanti-
ty or a scalar quantity. Vector has both direcoil magnitude (size). A
scalar can be completely specified by its magnitwitle appropriate units;
it has no direction. Displacement, velocity, andederation are vector
quantities. Temperature is an example of a scailantdy. If the tempera-
ture of an objects is -5°C, that information cortgile specifies the tem-
perature of the object; no direction is require@skks, time intervals, and
volumes are scalars as well. Scalar quantitiedbeamanipulated with the
rules of ordinary arithmetic. Vector can also bdeatland subtracted from
each other, and multiplied, but there are a nurobienportant differences.

Equality of Two Vectors. Two vectors are equal if they have the same
magnitude and the same direction. This propertyallus to translate a
vector parallel to itself in a diagram without atiag the vector. In fact,
for most purposes, any vector can be moved patalledelf without being
affected.

Adding Vectors. When two or more vectors are added, they must all
have the same units. For example, it doesn't maksesto add a velocity
vector, carrying units of meters per second, tisplatement vector, car-
rying units of meters. Scalars obey the same tuleould be similarly
meaningless to add temperatures to volumes or syasme intervals.

Vectors can be added geometrically or algebraicalie resultant vec-
tor R = A + B is the vector drawn from the tail &f to the tip ofB. This
procedure is known as the triangle method of amiditWhen two vectors
are added, their sum is independent of the ordertthef addition:
A +B =B + A. This relationship is called the commutative lafraddi-
tion.
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Negative of a Vector The negative of the vectdr is defined as the
vector that gives zero when added\tdl his means tha& and-A have the
same magnitude but opposite directions.

Displacement, velocity, and acceleration in two diensions

In one-dimensional motion the direction of a vecjoantity such as a
velocity or acceleration can be taken into accdynspecifying whether
the quantity is positive or negative. The velodfya rocket, for example,
IS positive if the rocket is going up and negaiivi's going down. This
simple solution is no longer available in two areth dimensions. Instead,
we must make full use of the vector concept.

Motion in two dimensions

Anyone who has tossed any kind of object into tinehas observed
projectile motion. If the effects of air resistarexed the rotation are ne-
glected, the path of a projectile in Earth's gsafigld is curved in the
shape of a parabola. The most important experirfaaiaabout projectile
motion in two dimensions is that the horizontal aedical motions are
completely independent of each other. This meaaisntiotion in one di-
rection has no effect on motion in the other dicect

In general, the equations of constant accelerat@weloped in Unit 2
follow separately for both thedirection and thg-direction. An important
difference is that the initial velocity now has teomponents. We assume
that att = 0, the projectile leaves the origin with aniativelocity. If the
velocity vector makes an andlgwith the horizontalQ is called the pro-
jection angle.

For example

A water fountain. The individual water streamsduallparabolic trajec-
tories. The horizontal range and maximum heigfat given stream of wa-
ter depend on the elevation angle of that stre@mitis velocity as well as
its initial speed.

Acceleration at the Highest Point

The acceleration in thedirection is not zero at the top of a projectile’s
trajectory. Only thei-component of the velocity is zero there. If theehc
eration were zero, too, the projectile would nesane down!

Relative velocity

Relative velocity is all about relating the measuweats of two different

observers one moving with respect to theerotiihe measured
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Vectors and Two-Dimensional Motion

Scalar

quantity
Vector Equality of two | Parallel to
quantity vectors itself
Adding vectors| Same units
Triangle
method addi-
tion
Commutative
law of addi-
tion
Negative of a | Negative vect Resultant
vector tor vector
Relationship
Motion in Projectile mo- | Shape ofa | Water foun-
two- tion parabola tain
dimensional Horizontal
motion
Vertical mo-
tion
Initial veloci-
ty
Projection X-direction
angle Y-direction
Acceleration | Meter per
at the High- | second
est point squared
Relative veloci4 Reference Coordinate
ty frame systems
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frame of
reference
Moving
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Fig. 3. Thesaurus for Unit 3
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velocity of an object depends on the velocity ef tlvserver with respect to
the object. On highways, for example, cars movinghe same direction
are often moving at high speed relative to Earihyddative each other they
hardly move at all. To an observer at rest atitfeaf the road, a car might
be traveling at 60 mi/h, but to an observer inuakrtraveling in the same
direction at 50 mi/h, the car would appear to bediing only 10 mi/h.

So measurements of velocity depend on the referfesce of the ob-
server. Reference frames are just coordinate sgstdost of the time, we
use a stationary frame of reference relative tahE&ut occasionally we
use a moving frame of reference associated withisadar, or plane mov-
ing with constant velocity relative to Earth.

A scalar has no direction. Is it right?
Give examples of vector quantities.
On what condition vectors are considered to bel@qua
Give the definition of negative of a vector.
. Consider motion in one direction. How do horizoraadl vertical
motion depend on each other?
6. What does measurement of velocity depend on?

arODOE

Exercises
1. Rearrange the letters in the anagrams to form eqvalents for the
Russian words:

Ckansp larsca
Bexmop torvec
Jlemswuil npeomem jectilepro
Omuowenus shiprelation
Tpeyeonvruk angletri

2. Match the words in A with the words in B to formword combina-

tions:
A B

Negative Systems
Meter per At the Highest point
Vertical second squared
Acceleration motion
Reference Of a vector
Coordinate frame
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3. Fill in the gaps with the missing words from thdist:

projectile, scalar quantity, vectdies, x-axis, rate of change, accel-
eration vector, relative velocity, y-component

1. The number of grapes in bunch is one example of a .

2. |If the in the second or third quadrant, the angle, asmea
ured from the positive , Will be the angle returned by your calcula-
tor plus 180°.

3. The of the velocity is zero at the Highest Point of fine-
jectile’s trajectory.

4. As a moves in its parabolic path, the velocity veaaod

are perpendicular to each other at the peak phits.

5. The of the resultant vector with respect to time is the

equation.
UNIT 4

THE LAWS OF MOTION

Read the following texts. Study the thesaurus ondi 4, answer
the questions after the texts

Classical mechanics describes the relationship dsztvihe motion of
objects found in our everyday world and the foraeng on them. As
long as the system under study doesn't involvectshfjomparable in size
to an atom or traveling close to the speed of lighssical mechanics pro-
vides an excellent description of nature.

Newton's three laws of motion are simple and sénsithe first law
states that a force must be applied to an objemtier to change its veloci-
ty. Changing an object's velocity means accelagatinwhich implies a
relationship between force and acceleration. Téietionship, the second
law, states that the net force on an object edbalsbject's mass times its
acceleration. Finally, the third law says that whem we push on some-
thing, it pushes back with equal force in the ofipadirection. These are
the three laws in a nutshell.

Newton's three laws, together with his inventioncalculus are used
routinely today in virtually all areas of matherafiscience, engineering,
and technology. Newton's theory of universal gedigh had a similar im-
pact, starting a revolution in celestial mechaiicd astronomy that con-
tinues to this day. With the advent of this thedng orbits of all the plan-
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ets could be calculated to high precision andities tunderstood. The the-
ory even led to the prediction of "dark stars," nzalled black holes, over
two centuries before any evidence for their existemas observed.

Forces

A force is commonly imagined as a push or a pukame object, per-
haps rapidly, as when we hit a tennis ball withecket. We can hit the ball
at different speeds and direct it into differenttpaf the opponent's court.
This means that we can control the magnitude chpipdied force and also
its direction, so force is a vector quantity, jlils¢ velocity and accelera-
tion.

Another class of forces doesn't involve any dipdusical contact. Ear-
ly scientists, including Newton, were uneasy wthe toncept of forces
that act between two disconnected objects. NoretheNewton used this
‘action-at-a-distance' concept in his law of gsawithereby a mass at one
location, such as the Sun, affects the motion distant object such as
Earth despite no evident physical connection betviee two objects. To
overcome the conceptual difficulty associated weithion at a distance,
Michael Faraday (1791-1867) introduced the coneckgtfield. The corre-
sponding forces are called field forces.

The known fundamental forces in nature are alliffelces: the strong
nuclear force between subatomic particles; thetrel@agnetic forces be-
tween electric charges; the weak nuclear forceghvarises in certain ra-
dioactive decay processes; and the gravitatiomed foetween objects.

Newton'’s first law

Before about 1600, scientists felt that the natstake of matter was the
state of rest. Galileo, however, devised thougpesments - such as an
object moving on a frictionless surface, as jusicdbed - and concluded
that it's not the nature of an object to stop, @&tan motion, but rather to
continue in its original state of motion. This apeh was later formalized
as Newton's first law of motion: An object moveshaa velocity that is
constant in magnitude and direction, unless actedyoa nonzero net
force. The net force on an object is defined as/éntor sum of all exter-
nal forces exerted on the object. External foramaec from the object's
environment. If an object's velocity isn't changingeither magnitude or
direction, then its acceleration and the net farcting on it must both be
zero.

23



Mass and Inertia

Imagine hitting a golf ball off a tee with a drivéiryou're a good golf-
er, the ball will sail over two hundred yards datva fairway. Now imag-
ine teeing up a bowling ball and striking it withetsame club. Your club
would probably break, you might sprain your wréstd the bowling ball,
at best, would fall off the tee, take half a roiltlacome to rest.

From this thought experiment, we conclude thatevhith balls resist
changes in their state of motion, the bowling b&®rs much more effec-
tive resistance. The tendency of an object to oaoatin its original state of
motion is called inertia. While inertia is the tendy of an object to con-
tinue its motion in the absence of a force, massngeasure of the object's
resistance to changes in its motion due to a force.

Newton’s second law

Newton's second law answers the question of whmtdme to an object
that does have a net force acting on it. Imaginghipg a block of ice
across a frictionless horizontal surface. When ggrert some horizontal
force on the block, it moves with an acceleratigr2an/s. If you apply a
force twice as large, the acceleration doublesrtugh Pushing three times
as hard triples the acceleration, and so on. Frach sbservations, we
conclude that the acceleration of an object isctlirgoroportional the net
force acting on it. Mass also affects accelerafidre acceleration of an
object is inversely proportional to its mass. Tapproach was later for-
malized as Newton's second law of motion: The acatbn of an object
is directly proportional to the net force actingiband inversely propor-
tional to its mass.

The Gravitational Force

The gravitational force is the mutual force of adtion between any
two objects in the Universe. Although the gravitadl force can be very
strong between very large objects, it's the weakéshe fundamental
forces. In addition to contributing to the undemsliag of motion, Newton
studied gravity extensively. Newton's law of unsadrgravitation states
that every patrticle in the Universe attracts ewther particle with a force
that is directly proportional to the product of tiiasses of the particles
and inversely proportional to the square of théadise between them. If
the particles have massas andm, and are separated by a distancine
magnitude of the gravitational forde,is G* my* my/ r 2 whereG is the
universal gravitation constant.
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The Laws of Motion

Forces Contact forces
Field forces Action-at-a- Strong nu-
distance clear force
Electromag-
netic forces
Weak nucle-
ar force
Gravitation-
al forces
Newton first | External forces
law Mass Mass number
Inertia Inertial property
of mass
Newton se- | Net force Acceleration of an
cond law object
Mass of an object Inversely
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Gravitational Gravitation Universal
force gravitation
constant
Newton (N)
Gravity Weight Acceleration
of gravity
Newton third| Action force Drag force
law Reaction force| Opposites in
direction
Application | Three laws in g Free-body dia-
of Newton’s | nutshell gram
laws Zero net force
Forces of| Static friction
friction Kineticfric- Coefficient of
tion kineticfriction

Fig. 4. Thesaurus for Unit 4
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The magnitude of the gravitational force actingamnobject of mass
m near Earth's surface is called the weight of the object, given by
w=mg, whereg is the acceleration of gravity. Sl unit: newton.(Nplike
mass, weight is not an inherent property of anatlijecause it can take
different values, depending on the valug af a given location.

Newton'’s third law

According to Newton, as the nail is driven into tileck by the force
exerted by the hammer, the hammer is slowed dowrstpped by the
force exerted by the nail. Newton described sugtregdorces with his
third law: If object 1 and object 2 interact, tlede F12 exerted by object
1 on object 2 is equal in magnitude but oppositdiiection to the force
F21 exerted by object 2 on object 1.

Newton's third law constantly affects our actidti|m everyday life.
Without it, no locomotion of any kind would be pitis, whether on foot,
on a bicycle, or in a motorized vehicle.

Applications of Newton'’s laws

When we apply Newton's law to an object, we arer@sted only in
those forces which act on the object. The most itapbstep in solving a
problem by means of Newton's second law is to dnevcorrect free-body
diagram. Include only those forces that act diyeoti the object of inter-
est.

A zero net force on a particle does not mean beaparticle isn't mov-
ing. It means that the particle isn't acceleratlhthe particle has a non-
zero initial velocity and is acted upon by a zeeb force, it continues to
move with the same velocity.

Forces of friction

An object moving on a surface or through a visameslium, such as
air or water, encounters resistance as it intevaitihsits surroundings. This
resistance is called friction. Forces of frictioe assential in our everyday
lives. Even standing in one spot would be impossitithout friction, as
the slightest shift would instantly cause you tp ahd fall. The force that
counteracts F and keeps is called the force ot dtattion. We call the
friction force for an object in motion the force kifetic friction. Friction
makes it possible to grip and hold things, driva®l walk, and run.

1. Can we control the direction of applied force? WhHakes it
mean?
2. What concept introduced Michael Faraday?
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Formulate Newton's first law.

What is inertia?

Formulate Newton's second law.

Give the definition of the gravitational force.
Formulate Newton's third law.

Nogok®

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Cunet cesfor
Tpenue ricftion
Bec ghtwei
Jeilicmsue na paccmosinuu Distance-a-at-action
Cuna msascecmu vitygra

2. Match the words in A with the words in B to formword combina-
tions:

A B
Newton speed
Drag Second law
Terminal Gravitation constant
Universal friction
Static of kinetic friction
Coefficient force

3. Fill in the gaps with the missing words from thdist:

inertia, reaction force, gravitational force, actidorce, forces of
friction, motion

1. can be used to explain the operation of one typseat
belt mechanism.

2. Force causes changesin .

3. The on Earth due to Moon is much weaker than the
gravitational force on Earth due to the Sun.

4. In applying Newton’s third law, remember that an _ and

always act on different objects.

5. are important in the analysis of the motion ofscand

other wheeled vehicles.
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UNIT 5
ENERGY

Read the following texts. Study the thesaurus ondi 5, answer
the questions after the texts

Energy is one of the most important concepts invthed of science.
In everyday use, energy is associated with therfeetled for transporta-
tion and heating, with electricity for lights angdpéiances, and with the
foods we consume. These associations, howevet,tdibnis what energy
is, only what it does, and that producing it regsiituel.

Energy is present in the Universe in a varietyooims, including me-
chanical, chemical, electromagnetic, and nucleargsm Even the inert
mass of everyday matter contains a very large ahafuemergy. Although
energy can be transformed from one kind to anotieobservations and
experiments to date suggest that the total amdertergy in the Universe
never changes. This is also true for an isolatetésy- a collection of ob-
jects that can exchange energy with each othendiuwith the rest of the
Universe. If one form of energy in an isolated sysdecreases, then an-
other form of energy in the system must increaseekample, if the sys-
tem consists of a motor connected to a batterybaltery converts chemi-
cal energy to electrical energy, and the motor eds\electrical energy to
mechanical energy. Understanding how energy chang@sone form to
another is essential in all the sciences.

Using an energy approach to solve certain problemmfien much easi-
er than using forces and Newton's three laws. Thesevery different
approaches are linked through the concept of work.

Work

Work has a different meaning in physics than itsdoesveryday usage.
In the physics definition, a programmer does vitie work typing away
at a computer. In physics, work is done only iohject is moved through
some displacement while a force is applied td'#.dasy to see the differ-
ence between the physics definition and the evgrgeéinition of work.
The programmer exerts very little force on the kafya keyboard, creating
only small displacements, so relatively little plgswork is done. The
mason must exert much larger forces on the conbletks and move
them significant distances, and so performs a ngrelater amount of
work. Even very tiring tasks, however, may not titute work according
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to the physics definition. A truck driver, for expl®, may drive for several
hours, but if he doesn't exert a force, and herdods any work.
Kinetic energy

Solving problems using Newton's second law can iffieult if the
forces involved are complicated. An alternativeiselate the speed of an
object to the net work done on it by external ferdethe net work can be
calculated for a given displacement, the changthénobject's speed is
easy to evaluate. We can think of kinetic energghasvork a moving ob-
ject can do in coming to rest. For example, supgokammer is on the
verge of striking a nail. The moving hammer haskinenergy and can
therefore do work on the nail.

Gravitational Potential energy

An object with kinetic energy (energy of motionnado work on an-
other object, just like a moving hammer can drivead into a wall. A
brick on a high shelf can also do work. It can &dflthe shelf, accelerate
downwards, and hit a nail squarely, driving it ik floorboards. The
brick is said to have potential energy associatithl #y because from its
location on the shelf it can potentially do worktéhtial energy is a prop-
erty of a system, rather than of a single objeatabse it's due to a physi-
cal position in space relative a center of force.

Gravitational Work and Potential Energy

For most trajectories - say, for a ball traversngarabolic arc - finding
the gravitational work done on the ball requirephésticated techniques
from calculus. Fortunately, for conservative fieldere's a simple alterna-
tive: potential energy. Gravity is a conservatigecé, and for every con-
servative force a special expression called a patemergy function can
be found.

Spring Potential energy

Springs are important elements in modern technoldbgy are found
in machines of all kinds, in watches, toys, cansl #ains. Work done by
an applied force in stretching or compressing agpran be recovered by
removing the applied force, so like gravity, theirgp force is conserva-
tive.

Pushing a block against the spring compressedistance x. While x
appears to be merely a coordinate, for spring¢sd eepresents a dis-
placement from the equilibrium positidAs=-kx, wherek is a constant
of proportionality, the spring constant, carryingts of newtons per meter
and called Hooke's law.
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The energy either leaves the system and goeshatsurrounding envi-
ronment, or it stays in the system and is convarterla. nonmechanical
form such as thermal energy. A simple examplelikek sliding along a
rough surface. Friction creates thermal energypralesl partly by the
block and partly by the surrounding environment.ewlthe block warms
up, something called internal energy increases. ifteenal energy of a
system is related to its temperature, which in tara consequence of the
activity of its parts, such as the moving atoms. gfas or the vibration of
atoms in a solid. Energy can be transferred betwesonisolated system
and its environment.

Power

The rate at which energy is transferred is imporianhe design and
use of practical devices, such as electrical apgdis. and engines of all
kinds. The issue is particularly interesting fafirlp creatures, since the
maximum work per second, or power output, of amahiaries greatly
with output duration. Power is denned as the ratenergy transfer with
time. If an external force is applied to an objectd if the work done by
this force in the time interval, then the averagevgr delivered to the ob-
ject during this interval is the work done dividagdthe time interval.

The Sl unit of power is the joule/sec, also cattesl watt, named after
James Watt. The horsepower was first defined byt,Wdto needed a
large power unit to rate the power output of hig/ m@vention, the steam
engine. In electric power generation, it's custgmntaruse the kilowatt-
hour as a measure of energy.

1. What forms of energy do you know?

2. Give the physics definition of work.

3.  What is kinetic energy?

4. Potential energy is a property of a system, rtiem of a single
object. Why?

5. Gravity is a conservative force, is not it?

6. What do you know about spring constant?

7. Give the definition of power.
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Exercises

1. Rearrange the letters in the anagrams to form egvalents for the

Russian words:

Onepeus neregy
Paboma rkwo
Tonauso elfu
Mownocmo werpo
Bcenennas niuverse

2. Match the words in A with the words in B to formword combina-

tions:
A B

Mechanical constant
Restoring conservation
Spring energy
Energy definition
Physics power
Average force

3. Fill in the gaps with the missing words from thdist:
system, work, foot-pound, potential energy, ceoftenass, internal

1. iS a scalar quantity - a number rather than aovecand
consequently is easier to handle.

2. The U.S. customary unit of work is the , because distances
are measured in feet and forces in pounds in yistrs.

3. is a property of a system, rather than of a siogject, be-
cause it's due to a physical position in spacdivela center of force.

4. We define a as a collection of objects interacting via forces
or other processes that are __to the system.

5. is the point in the body at which all the mass reaycon-
sidered to be concentrated.
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UNIT 6
MOMENTUM AND COLLISIONS

Read the following texts. Study the thesaurus ondi 6, answer
the questions after the texts

What happens when two automobiles collide? How tueimpact af-
fect the motion of each vehicle, and what basicsjgay principles deter-
mine the likelihood of serious injury? How do rotskevork, and what
mechanisms can be used to overcome the limitaitiopssed by exhaust
speed? Why do we have to brace ourselves wheg &rmall projectiles at
high velocity? Finally, how can we use physicatpiiove our golf game?

To begin answering such questions, we introduce entum. Intui-
tively, anyone or anything that has a lot of moraents going to be hard
to stop. In politics, the term is metaphorical. §bglly, the more momen-
tum an object has, the more force has to be apmietop it in a given
time. This concept leads to one of the most powerfaciples in physics:
conservation of momentum. Using this law, compleliston problems
can be solved without knowing much about the foiceslved during
contact. We'll also be able to derive informatidrowat the average force
delivered in an impact. With conservation of momemtwe'll have a bet-
ter understanding of what choices to make whergdiegj an automobile
or a moon rocket, or when addressing a golf badl tee.

Momentum and impulse

In physics, momentum has a precise definition.ofl moving bron-
tosaurus has a lot of momentum, but so doesealitit lead shot from the
muzzle of a gun. We therefore expect that momentilhdepend on an
object's mass and velocity. The linear momenturhgmmbject of mass m
moving with velocity v is the product of its masslaselocity.

Changing the momentum of an object requires thdicagipn of a
force. This is, in fact, how Newton originally stdthis second law of mo-
tion. Changing an object's momentum requires tiiraaous application
of a force over a period of time, leading to thérteon of impulse. Im-
pulse is a vector quantity with the same direcéisrthe constant force act-
ing on the object. The impulse of the force actingan object equals the
change in momentum of that object.
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Conservation of momentum

When a collision occurs in an isolated system tdfe@ momentum of
the system doesn't change with the passage of livsad, it remains
constant both in magnitude and in direction. Theneata of the individu-
al objects in the system may change, but the vsatorof all the momenta
will not change. Action and reaction, together vifte accompanying ex-
change of momentum between two objects, is redglerfsir the phenom-
enon known as recaoil.

Firing small Likelihood
projectiles
= Serious injury
g Linear momen- Impulse
g tum
e Isolated systemp  Conservation Momenta
= of momentum | Recaoil
Elastic colli- Impact
sion
Inelastic colli- | Tonometer Puff of air
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= sion
&) Reaction force| Friction Vehicles
% Rocket propul{ Thrust
= sion Explosion
2 | c Multistage
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S | B Automobiles | Exhaust speed
= | O collide Exhaust gases

Fig. 6. Thesaurus for Unit 6
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We can summarize the types of collisions as follows

In an elastic collision, both momentum and kinedfieergy are con-
served.

In an inelastic collision, momentum is conservet Kinetic energy is
not.

In a perfectly inelastic collision, momentum is served, kinetic ener-
gy is not, and the two objects stick together dfiercollision, so their final
velocities are the same.

Collision

A collision may be the result of physical contaetvieen two objects.
For any type of collision, the total momentum af 8ystem just before the
collision equals the total momentum just after ¢b#ision as long as the
system may be considered isolated. An elasticsamtlis defined as one in
which both momentum and kinetic energy are consefBe collision of
a rubber ball with a hard surface is inelastic,aose some of the kinetic
energy is lost when the ball is deformed duringtacinwith the surface.
Elastic and perfectly inelastic collisions are ting cases; most actual col-
lisions fall into a range in between them.

In application, medical professionals use a des@dled a tonometer to
measure the pressure inside the eye. This devieases a puff of air
against the outer surface of the eye and measheespeed of the air after
reflection from the eye. At normal pressure, the isyslightly spongy, and
the pulse is reflected at low speed. As the presaside the eye increases,
the outer surface becomes more rigid, and the spfetbe reflected pulse
increases. In this way, the speed of the reflguididof air can measure the
internal pressure of the eye.

An important subset of collisions takes place plame. The game of
billiards is a familiar example involving multiplglancing collisions of
objects moving on a two-dimensional surface.

Rocket propulsion

When ordinary vehicles such as cars and locomothase, the driving
force of the motion is friction. In the case of ttew, this driving force is
exerted by the road on the car, a reaction toditue fexerted by the wheels
against the road. Similarly, a locomotive "pushagainst the tracks;
hence, the driving force is the reaction force &xkby the tracks on the
locomotive.

However, a rocket moving in space has no road awk$r to push
against. In fact, reaction forces also propel &ebdWVhen the explosion
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occurs, the gas presses against the chamberdineaitions, but can't press
against anything at the hole, where it simply essapto space.

1. What phenomenon goes to one of the most poweriiutipte in
physics?

2.  What phenomenon the change of amount of motion ig&es

3. Describe the phenomenon known as recaoil.

4. What is the result of physical contact between dects?

5.  What forces make rocket move?

6. In what case the total momentum of the system doekange
with the passage of time?

Exercises

1. Rearrange the letters in the anagrams to form eqvalents for the
Russian words:

Coyoapenue pactim
Konuuecmeso osuicenust menmotum
Beposamuocme hoodlilike
Omoaua coilre
B3puis losionexp

2. Match the words in A with the words in B to formword combina-
tions:

A B
Conservation of propulsion
Inelastic gases
Rocket collide
Automobiles force
Exhaust collision
Reaction momentum

3. Fill in the gaps with the missing words from thdist:
inelastic, tonometerthrust, elastic, multistage rocket, momentum,
collisions
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1. Billiard ball and the collisions of air molecules with the
walls of a container at ordinary temperatures &bl

2. Inan collision, is conserved but kinetic energy is
not.
3. A to measure the pressure releases a puff of ainsiga

the outer surface of the eye and measures the gfidbd air after re-
flection from the eye.

4. The on the rocket is defined as the force exerted on
the rocket by the ejected exhaust gases.

5. Space Shuttle and a number of other rockets, ssicfitan4 or
Russian Proton used concept of the

UNIT 7
ROTATIONAL MOTION AND THE LAW OF GRAVITY

Read the following texts. Study the thesaurus ondi 7, answer
the questions after the texts

Rotational motion is an important part of everytifey The rotation of
the Earth creates the cycle of day and night,dteion of wheels enables
easy vehicular motion, and modern technology dependtircular motion
in a variety of contexts, from the tiny gears iBwiss watch to the opera-
tion of lathes and other machinery. The conceptngtilar speed, angular
acceleration, and centripetal acceleration areraettt understanding the
motions of a diverse range of phenomena, from armarnng around a
circular race track to clusters of galaxies.

Rotational motion, when combined with Newton's lafvuniversal
gravitation and his laws of motion, can also expleertain facts about
space travel and satellite motion, such as whepate a satellite so it will
remain fixed in position over the same spot onEhgh. The generaliza-
tion of gravitational potential energy and energnservation offers an
easy route to such results as planetary escapd. dpeally, we present
Kepler's three laws of planetary motion, which fedhthe foundation of
Newton's approach to gravity.

Angular speed and angular acceleration

In the study of linear motion, the important cortsegre displacement,
velocity, and acceleration. Each of these condegssits analog in rota-
tional motion: angular displacement, angular vé&oand angular accel-
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eration. The radian, a unit of angular measuressential to the under-
standing of these concepts. Generally, angulartijeann physics must
be expressed in radians. Be sure to set your asdeub radian mode; ne-
glecting to do this is a common error.

Rotation motion under constant angular acceleration

A number of parallels exist between the equationsdtational motion
and those for linear motion. The procedure usetkt@lop the kinematic
equations for linear motion under constant accetergan be used to de-
rive a similar set of equations for rotational mantunder constant angular
acceleration.

Relations between angular and linear quantities

Angular variables are closely related to lineaialdes. The tangential
speed of a point on a rotating object equals thuite of that point from
the axis of rotation multiplied by the angular speEvery point on the
rotating object has the same angular speed. Thental acceleration of a
point on a rotating object equals the distancénaf point from the axis of
rotation multiplied by the angular acceleration.

Centripetal acceleration

For circular motion at constant speed, the acdeeraector always
points toward the center of the circle. Such arlacation is called a cen-
tripetal (center-seeking) acceleration. Geomegisuilt relating the centrip-
etal acceleration to the angular speed, but pHiysiaa acceleration can
occur only if some force is present. For example,dar travels in a circle
on flat ground, the force of static friction betweade tires and the ground
provides the necessary centripetal force.

The acceleration itself is always directed towdhgscenter of rotation.
Because the tangential and centripetal componéiaisceleration are per-
pendicular to each other, we can find the magnitfdbe total accelera-
tion with the Pythagorean theorem.

Fictitious Forces

Anyone who has ridden a merry-go-round as a chiléi$ a fun-loving
grown-up) has experienced what feels like a "ceffteemg" force. Hold-
ing onto the railing and moving toward the centsld like a walk up a
steep hill.
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Actually, this so-called centrifugal force is fiaius. In reality, the rider
is exerting a centripetal force on his body with hand and arm muscles.
In addition, a smaller centripetal force is exetbgdthe static friction be-
tween his feet and the platform. If the rider'pglipped, he wouldn't be
flung radially away; rather, he would go off onteaght line, tangent to
the point in space where he let go of the railifige rider lands at a point,
that is further away from the center, but not bgeiihg the center” along a
radial line. Instead, he travels perpendicular tadaal line, traversing an
angular displacement while increasing his radspldcement.

Newtonian gravitation

Prior to 1686, a great deal of data had been ¢etlean the motions of
the Moon and planets, but no one had a clear uadeiag of the forces
affecting them. In that year, Isaac Newton provittekey that unlocked
the secrets of the heavens. He knew from thelévsthat a net force had
to be acting on the Moon. If it were not, the Moaould move in a
straight-line path rather than in its almost ciacwdrbit around Earth. New-
ton reasoned that this force arose as a resuit afteactive force between
Moon and Earth, called the force of gravity, arat thwas the same kind
of force that attracted objects - such as apptdsse to the surface of the
Earth. In 1687, Newton published his work on the ¢d universal gravita-
tion.

The gravitational force exerted by a uniform sphamea particle out-
side the sphere is the same as the force exerthd #ntire mass of the
sphere were concentrated at its center. This lsdc@8auss's law, after the
German mathematician and astronomer Karl Frieddabss. The gravita-
tional constant was first measured in an imporéxperiment by Henry
Cavendish in 1798.

Why does physics study the rotational motion?

What analogies of linear motion exist in rotatiomaition?
What is the unit of angular measure?

Give the definition of tangential acceleration.

Which acceleration is called a centripetal?

Give an example of fictitious force.

Which law is called Gauss's law?

NookwbhE
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Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Paouan dianra
Luxn lecyc
Kacamenvnas genttan
Ocwo xisa
Cnymuux tellitesa

2. Match the words in A with the words in B to formword combina-
tions:

A B
Angular constant
Fictitious displacement
Gravitational acceleration
Circular escape speed
Radial motion
Planetary forces

3. Fill in the gaps with the missing words from thdist:
circular motion, angular displacement, centripesakeleration, in-
stantaneous angular speed, gravitational constant

1. Each point on the disc undergoes the same _in any given
time interval

2. For very short time intervals, the average angspaed ap-
proaches the , just as in the linear case.

3. For at constant speed, the acceleration vector alpaiyds
toward the center of the circle.

4, itself is always directed towards the center tdition.

5. The was first measured in an important experiment by
Henry Cavendish in 1798.
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UNIT 8
ROTATIONAL EQUILIBRIUM
AND ROTATIONAL DYNAMICS

Read the following texts. Study the thesaurus ondi 8, answer
the questions after the texts

In the study of linear motion, objects were treadsdpoint particles
without structure. It didn't matter where a forcasvapplied, only whether
it was applied or not.

The reality is that the point of application of @de does matter. In
football, for example, if the ball carrier is tag#llnear his midriff, he might
carry the tackier several yards before fallingtalfkled well below the
waistline, however, his center of mass rotates twlze ground, and he
can be brought down immediately. Tennis providedher good example.
A tennis ball is struck with a strong horizontald® acting through its cen-
ter of mass, it may travel a long distance befdtag the ground, far out
of bounds. Instead, the same force applied in avarg) glancing stroke
will impart topspin to the ball, which can causeoitand in the opponent's
court.

The concepts of rotational equilibrium and rotagiotynamics are also
important in other disciplines. For example, stusleh architecture benefit
from understanding the forces that act on buildiagg biology students
should understand the forces at work in musclesoanbones and joints.
These forces create torques, which tell us hovidtees affect an object's
equilibrium and rate of rotation.

Finally, torques applied to an object through aegitime interval can
change the object's angular momentum. In the abs#rexternal torques,
angular momentum is conserved, a property thaaggpbsome of the mys-
terious and formidable properties of pulsars - r&m of supernova ex-
plosions that rotate at equatorial speeds appragthat of light.

Torque

Forces cause accelerations; torques cause anguakder@tions. There
is a definite relationship, however, between the tancepts. If a force F
is applied to the door, there are three factorsdbagermine the effective-
ness of the force in opening the door: the magaeitfdhe force, the posi-
tion of application of the force, and the anglevhich it is applied.
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Under these conditions, an object can rotate artum@¢hosen axis in
one of two directions. By convention, counterclodans taken to be the
positive direction, clockwise the negative direatidvhen an applied force
causes an object to rotate counterclockwise, tigeieoon the object is pos-
itive. When the force causes the object to rotktekwise, the torque on
the object is negative. If the net torque isn'bzéne object starts rotating
at an ever-increasing rate. If the net torque rig,2be object's rate of rota-
tion doesn't change.

Torque is a vector perpendicular to the plane deterd by the posi-
tion and force vectors. The direction can be ddtexdhby the right-hand
rule.

An object in mechanical equilibrium must satisf tlollowing two
conditions:

1. The net external force must be zero.

2. The net external torque must be zero.

The center of gravity

The center of mass and center of gravity of anoblgee exactly the
same when the free-fall acceleration doesn't vagwifeantly over the
object.

The center of gravity of a homogeneous, symmetigtytmust lie on
the axis of symmetry. For example, the center abigy of a homogeneous
rod lies midway between the ends of the rod, aecémter of gravity of a
homogeneous sphere or a homogeneous cube lies gédimetric center
of the object. The center of gravity of an irregiyl@haped object, such as
a wrench, can be determined experimentally by sutipg the wrench
from two different arbitrary points.

A rigid object in a uniform gravitational field cdoe balanced by a sin-
gle force equal in magnitude to the weight of thgeat, as long as the
force is directed upward through the object's cesftgravity.

Relationship between torque and angular acceleratio

When a rigid object is subject to a net torquenidergoes an angular
acceleration that is directly proportional to thet torque. This result is
analogous to Newton's second law. The torque oohifeet is proportion-
al to the angular acceleration of the object, whieeeconstant of propor-
tionality is called the moment of inertia of thgeutt.
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Angular momentum

The net torque acting on an object is equal tdithe rate of change of
the object's angular momentum. Recall that thisggu also parallels the
impulse-momentum theorem.

The mechanical energy, linear momentum, and angutenentum of
an isolated system all remain constant. If the nmiro&inertia of an iso-
lated rotating system changes, the system's angpked will change.
Note that conservation of angular momentum applie®acroscopic ob-
jects such as planets and people, as well asritsaind molecules.

There are many examples of conservation of angatsmentum; one
of the most dramatic is that of a figure skatensioig in the finale of her
act. Coming out of the spin, she needs to reducerigular velocity, so
she extends her arms and legs again, increasingdraent of inertia and
thereby slowing her rotation.

1. The point of application of a force does mattexeGixamples.

2. What do torques cause?

3. What two conditions are necessary for an objestenhanical
equilibrium?

4. What can you say about center of gravity of ancaiBje

5. What result is a like Newton’s law?

6. What values of isolated system are always constant?

Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Temn, ckopocmb tera

Kpymswuii momenm quetor

Yeon anleg

Ilpomus yacosoti cmpenxu wiseclockcounter
Puisox rewnch
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2. Match the words in A with the words in B to formword combina-
tions:

A B
Rotational object
Ever-increasing rule
Negative equilibrium
Irregularly shaped torque
Angular momentum
Right-hand rate

3. Fill in the gaps with the missing words from thdist:
tangential acceleration, net torque, center of giygvmoment of in-
ertia, rate

1. An object remains in a state of uniform rotatiomation unless
acted on by a .

2. The of rotation of an object doesn't change, unlesti
ject is acted on by a net torque.

3. The of a homogeneous rod lies midway between the ends
of the rod.

4. Because there is no force to oppose this tangduotiz, the ob-
ject undergoes a in accordance with Newton's second law.

5. The torque on the object is proportional to theudargaccelera-
tion of the object, where the constant of propodidy is called the

UNIT 9
SOLIDS AND FLUIDS

Read the following texts. Study the thesaurus ondi 9, answer
the questions after the texts

There are four known states of matter: solids,idisjugases, and plas-
mas. In the universe at large, plasmas - systerolasfed particles inter-
acting electromagnetically - are the most commomur environment on
Earth, solids, liquids, and gases predominate.

An understanding of the fundamental propertiebie$e¢ different states
of matter is important in all the sciences, in aegring, and in medicine.
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Forces put stresses on solids, and stresses eam seform, and break
those solids, whether they are steel beams or bBheds under pressure
can perform work, or they can carry nutrients asgkstial solutes, like the
blood flowing through our arteries and veins. Flagvjases cause pressure
differences that can lift a massive cargo plantheroof off a house in a
hurricane. High-temperature plasmas created inrfugiactors may some-
day allow humankind to harness the energy sourtieeaun. The study of
any one of these states of matter is itself adiasipline.
States of matter

Everyday experience tells us that a solid has mitéefvolume and
shape. A brick, for example, maintains its familiape and size day in
and day out. A liquid has a definite volume butdadinite shape. A gas
differs from solids and liquids in that it has heit definite volume nor
definite shape. Because gas can flow, howevehaites many properties
with liquids.

All matter consists of some distribution of atonnsymlecules. The at-
oms in a solid, held together by forces that arimiyalectrical, are locat-
ed at specific positions with respect to one amaihe vibrate about those
positions. At low temperatures, the vibrating meti® slight and the atoms
can be considered essentially fixed. As energdded to the material, the
amplitude of the vibrations increases. A vibrataigm can be viewed as
being bound in its equilibrium position by spriragtached to neighboring
atoms. Solids can be classified as either crystadir amorphous.

For any given substance, the liquid state existstagher temperature
than the solid state. The intermolecular forces itiquid aren't strong
enough to keep the molecules in fixed positiond, thry wander through
the liquid in random fashion. Solids and liquidshblave the property that
when an attempt is made to compress them, stramisiee atomic forces
act internally to resist the compression.

In the gaseous state, molecules are in constasbmamotion and exert
only weak forces on each other. The average distaatween the mole-
cules of a gas is quite large compared with the @iizhe molecules. Occa-
sionally the molecules collide with each other, imast of the time they
move as nearly free, noninteracting particles. Assalt, unlike solids and
liquids, gases can be easily compressed.

When a gas is heated to high temperature, maniyeoélectrons sur-
rounding each atom are freed from the nucleus.rédgting system is a
collection of free, electrically charged particlesegatively charged elec-
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trons and positively charged ions. Such a hightyzied state of matter
containing equal amounts of positive and negativarges is called a
plasma. A Unlike a neutral gas, the long-rangetitegind magnetic forces
allow the constituents of a plasma to interact wilch other. Plasmas are
found inside stars and in accretion disks arouadkbholes, for example,
and are far more common than the solid, liquid, gasbous states because
there are far more stars around than any other ébreelestial matter, ex-
cept possibly dark matter. Dark matter, inferrecbgervations of the mo-
tion of stars around the galaxy, makes up about 80%e matter in the
universe and is of unknown composition.
The deformation of solids

While a solid may be thought of as having a defisliape and volume,
it's possible to change its shape and volume blyiagpexternal forces. A
sufficiently large force will permanently deform break an object, but
otherwise, when the external forces are removedlifect tends to return
to its original shape and size. This is calledtigldhavior.

The elastic properties of solids are discussedeimd of stress and
strain. Stress is the force per unit area causidgfarmation; strain is a
measure of the amount of the deformation. For@afitly small stresses,
stress is proportional to strain, with the constdmiroportionality depend-
ing on the material being deformed and on the eatfithe deformation.
We call this proportionality constant the elastadulus.

We define the tensile stress as the ratio of thgnihade of the external
force to the cross-sectional area. The Sl unittrafss is the newton per
square meter (N/fj) called the pascal (Pa). The tensile strain finee as
the ratio of the change in length to the origireigth and is therefore a
dimensionless quantity. We can write an equatitating tensile stress to
tensile strain, where the constant of proportieyati Young's modulus.

It's possible to exceed the elastic limit of a saise by applying a suf-
ficiently great stress. A material subjected tdrass beyond this limit or-
dinarily doesn't return to its original length whidne external force is re-
moved. As the stress is increased further, it ssgmthe ultimate strength:
the greatest stress the substance can withstamdulvibreaking. The
breaking point for brittle materials is just beydhd ultimate strength.
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Another type of deformation occurs when an objectubjected to a
force parallel to one of its faces while the opgoface is held fixed by a
second force. This kind of stress is called a sieess. There is no change
in volume with this kind of deformation. A materiaving a large shear
modulus is difficult to bend.

The volume stress is defined as the ratio of thgnihade of the change
in the applied force to the surface area. The ndRulus characterizes the
response of a substance to uniform squeezing. diprocal of the bulk
modulus is the compressibility of the material.

Density and pressure

Equal masses of aluminum and gold have an impoptaygical dif-
ference: The aluminum takes up over seven timesuh space as the
gold. While the reasons for the difference lietst atomic and nuclear
levels, a simple measure of this difference icticept of density.

Fluids don't sustain shearing stresses, so thestiglys that a fluid can
exert on a submerged object is one that tendsnpiass it, which is bulk
stress. The force exerted by the fluid on the dligealways perpendicular
to the surfaces of the object. The pressure agefgppoint in a fluid can
be measured. As the device is submerged in a thedjuid presses down
on the top of the piston and compresses the spritigthe inward force
exerted by the fluid is balanced by the outwarddaxerted by the spring.
Notice that the force that compresses the sprisgrisad out over the en-
tire area, motivating our formal definition of psese.

Buoyant forces and Archimedes'’s principle

A fundamental principle affecting objects submergetiuids was dis-
covered by the Greek mathematician and naturabgpher Archimedes.
Archimedes's principle can be stated as followss dinject completely or
partially submerged in a fluid is buoyed up by ecéowith magnitude
equal to the weight of the fluid displaced by thgsot.

Fluids in motion

When a fluid is in motion, its flow can be charaized in one of two
ways. The flow is said to be streamline, or lamiifagvery particle that
passes a particular point moves along exactly dheessmooth path fol-
lowed by previous particles passing that pointsath is called a stream-
line. The flow of a fluid becomes irregular, orldulent, above a certain
velocity or under any conditions that can causagtl@hanges in velocity.
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Surface tension

If you look closely at a dewdrop sparkling in therming sunlight, you
will find that the drop is spherical. The drop takbis shape because of a
property of liquid surfaces called surface tension.

Transport phenomena

When a fluid flows through a tube, the basic meigmarthat produces
the flow is a difference in pressure across thes efidhe tube. This pres-
sure difference is responsible for the transpod ofass of fluid from one
location to another. The two fundamental processeslved in fluid
transport resulting from concentration differenaes called diffusion and
0Ssmosis.

1. What four states of matter do you know?

2. How solids can be classified?

3. How does gas turn to plasma?

4. What is elastic modulus?

5. What concept does explain difference in volume iwithe same
mass?

6. Give the definition of Archimedes's principle.
7. What property makes drop spherical?
Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Tsepooe meno lidso
Kuoxocmo iqulid
llegpopmayus ssstre
OmnocumenvHhas deghopmayust instra
Inomnocmo sityden
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2. Match the words in A with the words in B to formword combina-
tions:

A B
Noninteracting phenomena
Breaking modulus
Shear particles
Bulk strain
Transport stress
Tensile point

3. Fill in the gaps with the missing words from thdist:
amorphous solid, crystalline solid, pressure, gtasiodulus, shear
stress, tensile stress,

l.Ina the atoms have an ordered structure.

2. Inan , such as glass, the atoms are arranged almost random
ly.

3. A material having a large is very stiff and difficult to de-
form.

4. It's important to remember that in___, the applied force is par-
allel to the cross-sectional area, whereas in__the force is perpen-
dicular to the cross-sectional area.

5. If the person is wearing snowshoes, that forceisgilduted over
the very large area of each snowshoe, so that the at any given
point is relatively low and the person doesn't pette very deeply into
the snow.
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PART I

Thermodynamics

UNIT 10
THERMAL PHYSICS

Read the following texts. Study the thesaurus ondi 10, answer
the questions after the texts

How can trapped water blow off the top of a volcama giant explo-
sion? What causes a sidewalk or road to fractultdoankle spontaneously
when the temperature changes? How can thermalyeberbarnessed to
do work, running the engines that make everythingodern living possi-
ble?

Answering these and related questions is the doofdimermal phys-
ics, the study of temperature, heat, and how tiffegtamatter. Quantita-
tive descriptions of thermal phenomena requirefehdefinitions of the
concepts of temperature, heat, and internal enétgat leads to changes
in internal energy and thus to changes in temperaithich cause the ex-
pansion or contraction of matter. Such changesiaarmage roadways and
buildings, create stress fractures in metal, andeflexible materials stiff
and brittle, the latter resulting in compromisedii@s and the Challenger
disaster. Changes in internal energy can also trees$ged for transporta-
tion, construction, and food preservation.

Gases are critical in the harnessing of thermaiggrte do work. With-
in normal temperature ranges, a gas acts likege leollection of non-
interacting point particles, called an ideal gasclSgases can be studied
on either a macroscopic or microscopic scale. @mthacroscopic scale,
the pressure, volume, temperature, and numberntélpa associated with
a gas can be related in a single equation knowlmeadeal gas law. On the
microscopic scale, a model called the kinetic thexfrgases pictures the
components of a gas as small particles. This meitlednable us to under-
stand how processes on the atomic scale affecoswpic properties like
pressure, temperature, and internal energy.

Temperature and the Zeroth law of thermodynamics

Temperature is commonly associated with how hatotd an object
feels when we touch it. While our senses providwitls qualitative indi-
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cations of temperature, they are unreliable anehaftisleading. A metal

ice tray feels colder to the hand, for examplenthapackage of frozen
vegetables at the same temperature, due to thenédats conduct thermal
energy more rapidly than a cardboard package. Whateed is a reliable
and reproducible method of making quantitative mesments that estab-
lish the relative "hotness" or "coldness” of oljech method related solely
to temperature. Scientists have developed a vapiethermometers for

making such measurements.

When placed in contact with each other, two objacttdifferent ini-
tial temperatures will eventually reach a commadernmediate tempera-
ture. If a cup of hot coffee is cooled with an meée, for example, the
ice rises in temperature and eventually melts withige temperature of
the coffee decreases. Understanding the concdptrgferature requires
understanding thermal contact and thermal equilibriThe exchange
of energy between two objects because of diffeiemteheir tempera-
tures is called heat.

We can summarize these results in a statement kiagvwthe zeroth
law of thermodynamics (the law of equilibrium):dbjects A an®B are
separately in thermal equilibrium with a third atij€, then A andB are
in thermal equilibrium with each other.

Thermometers and temperature scales

Thermometers are devices used to measure the tatupeof an ob-
ject or a system. When a thermometer is in thegoatact with a sys-
tem, energy is exchanged until the thermometerthadsystem are in
thermal equilibrium with each other. For accuratadings, the ther-
mometer must be much smaller than the system,atatib energy the
thermometer gains or loses doesn't significantisrdhe energy content
of the system. All thermometers make use of somsipal property
that changes with temperature and can be calibtatethke the temper-
ature measurable.

One common thermometer in everyday use consisshdss of lig-
uid - usually mercury or alcohol - that expand®iat glass capillary
tube when its temperature rises. In this case bysipal property that
changes is the volume of a liquid. To serve asffattéeve thermometer,
the change in volume of the liquid with changeeamperature must be
very nearly constant over the temperature rangestefest. When the
cross-sectional area of the capillary tube is aortsas well, the change
in volume of the liquid varies linearly with itsngth along the tube. The
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most common temperature scale in use in the UStates is the Fahr-
enheit scale.

The Constant-Volume Gas Thermometer and the Kelvirscale

We can construct practical thermometers such asndreury ther-
mometer, but these types of thermometers don'heeéémperature in a
fundamental way. One thermometer, however, is mwordamental, and
offers a way to define temperature and relateréatly to internal ener-
gy: the gas thermometer. In a gas thermometetethperature readings
are nearly independent of the substance used ithdrenometer. The
behavior observed in this device is the variatibpressure with tem-
perature of a fixed volume of gas.

Absolute zero is used as the basis for the Kelmperature scale.
The second point is the triple point of water, whis the single temper-
ature and pressure at which water, water vapor,i@dan coexist in
equilibrium.

Thermal expansion of solids and liquids

The discussion of the liquid thermometer made sene of the
best-known changes that occur in most substanceseperature of
the substance increases, its volume increasesphkisomenon, known
as thermal expansigplays an important role in numerous applications.
Thermal expansion joints, for example, must beudet in buildings,
concrete highways, and bridges to compensate fanggs in dimen-
sions with variations in temperature.

The overall thermal expansion of an object is aseguence of the
change in the average separation between its tumrgtiatoms or mole-
cules. To understand this idea, consider how tbhestn a solid sub-
stance behave.

Macroscopic description of an ideal gas

The properties of gases are important in a numb#reomodynamic
processes. Our weather is a good example of thes typprocesses that
depend on the behavior of gases. If we introdugasainto a container,
it expands to fill the container uniformly, wittsipressure depending on
the size of the container, the temperature, anditisunt of gas.
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An ideal gas is a collection of atoms or molectied move random-
ly and exert no long-range forces on each othashparticle of the ide-
al gas is individually point-like, occupying a nigifhle volume. A gas
usually consists of a very large number of parick® it's convenient to
express the amount of gas in a given volume ingesfrthe number of
moles.

1. Why do we need the concepts of temperature, helahssrnal
energy?

2. What is called heat?

3. Formulate the zeroth law of thermodynamics.

4. What physical property do thermometers use?

5. What is the most common temperature scale in ubibnited
States?

6. Give examples of thermal expansion playing an itgbmrole in
multiple applications.

7. Give the definition of an ideal gas.

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Temnepamypa Temturepera
Tennoma athe
Tepmomemp hertmometer
Pacuupenue pansionex
Monv lemo

2. Match the words in A with the words in B to formword combina-
tions:

A B
Thermal point
Temperature zero
Boiling equilibrium
Absolute state
Equation of point
Triple scales
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3. Fill in the gaps with the missing words from thdist:
thermal expansion, thermal contact, freezing pahermal equilib-
rium, thermometer

1. Two objects are in if energy can be exchanged between
them.
2. Two objects are in if they are in thermal contact and there

is no net exchange of energy.

3. On the Celsius scale, the temperature of the idenvaixture is
defined to be zero degrees Celsius, written 0°Ccatldd the ice point
or of water.

4. Experiments show that the readings are nearly independ-
ent of the type of gas used, as long as the gasyme is low and the
temperature is well above the point at which thelgaiifies.

5. Ifthe of an object is sufficiently small compared wittet
object's initial dimensions, then the change in diygension is, to a
good approximation, proportional to the first poveérthe temperature
change.

UNIT 11
ENERGY IN THERMAL PROCESSES

Read the following texts. Study the thesaurus ondi 11, answer
the questions after the texts

When two objects with different temperatures aell in thermal
contact, the temperature of the warmer object dsesewhile the tempera-
ture of the cooler object increases. With timey tteach a common equi-
librium temperature somewhere in between theiairtémperatures. Dur-
ing this process, we say that energy is transfdroed the warmer object
to the cooler one.

Until about 1850, the subjects of thermodynamia$ mechanics were
considered two distinct branches of science, aagtimciple of conserva-
tion of energy seemed to describe only certainkioidmechanical sys-
tems. Experiments performed by the English physicismes Joule (1818-
1889) and others showed that the decrease in meahanergy (kinetic
plus potential) of an isolated system was equéhéoincrease in internal
energy of the system. Today, internal energy &dkas a form of energy
that can be transformed into mechanical energyvareversa. Once the
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concept of energy was broadened to include intenatgy, the law of
conservation of energy emerged as a universalflaatare.
Heat and internal energy

A major distinction must be made between interm&lrgy and heat.
These terms are not interchangeable - heat invaltemnsfer of internal
energy from one location to another. The followfogmal definitions
will make the distinction precise.

Internal energy is the energy associated with ti@ascopic com-
ponents of a system - the atoms and moleculesddytstem. The inter-
nal energy includes kinetic and potential energppaiated with the ran-
dom translational, rotational, and vibrational roatbf the particles that
make up the system, and any potential energy bgritlie particles to-
gether. Heat is the transfer of energy betweerseesyand its environ-
ment due to a temperature difference between them.

Early in the development of thermodynamics, be&mientists real-
ized the connection between thermodynamics and amicd) heat was
defined in terms of the temperature changes ityred in an object,
and a separate unit of energy, the calorie, was lasdheat.

Specific heat

The historical definition of the calorie is the amb of energy neces-
sary to raise the temperature of one gram of afgpsabstance - water -
by one degree. The amount of energy required $e the temperature of
one kilogram of an arbitrary substance by 1° vawith the substance.
Every substance requires a unique amount of ergegyunit mass to
change the temperature of that substance by 1.0°C.

High specific heat is responsible for the modetaeperatures found
in regions near large bodies of water. As the teatpee of a body of wa-
ter decreases during winter, the water transfeesggnto the air, which
carries the energy landward when prevailing windstaward the land.
Off the western coast of the United States, theggriderated by the Pa-
cific Ocean is carried to the east, keeping coastas much warmer than
they would otherwise be. Winters are generally eoloh the eastern
coastal states, because the prevailing winds teodrty the energy away
from land.
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Energy in Thermal Processes
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During the day, the Sun adds roughly equal amoofnéergy to the
beach and the water, but the lower specific hesafl causes the beach to
reach a higher temperature than the water. Asut,rése air above the
land reaches a higher temperature than the aireahewvater. The denser
cold air pushes the less dense hot air upwardt@idechimedes's princi-
ple), resulting in a breeze from ocean to landrdyiine day.

Calorimetry

One technique for measuring the specific heat blal or liquid is
to raise the temperature of the substance to satue,vplace it into a
vessel containing cold water of known mass and é&satpre, and
measure the temperature of the combination aftariliegum is
reached. Define the system as the substance amwaatee If the vessel
is assumed to be a good insulator, so that enarggnd leave the sys-
tem, then we can assume the system is isolatedselgebaving this
property are called calorimeters, and analysisoperéd using such ves-
sels is called calorimetry.

The principle of conservation of energy for thislided system re-
quires that the net result of all energy transieero. If one part of the
system loses energy, another part has to gainrtemg because the
system is isolated and the energy has nowherdcetpe When a warm
object is placed in the cooler water of a caloreanethe warm object
becomes cooler while the water becomes warmer.

Latent heat and phase change

A substance usually undergoes a change in temperahen energy is
transferred between the substance and its envirnrire some cases,
however, the transfer of energy doesn't result éhange in temperature.
This can occur when the physical characteristich®fsubstance change
from one form to another, commonly referred to gbase change. Some
common phase changes are solid to liquid (meltiigyid to gas (boil-
ing), and a change in the crystalline structure sblid. Any such phase
change involves a change in the internal energyndehange in the tem-
perature.

Latent heat of the substance, depends on the nafutee phase
change. The unit of latent heat is the joule plegkam (J/kg). The latent
heat of fusion is used when a phase change ocoringydnelting or freez-
ing, while the latent heat of vaporization is usdtn a phase change oc-
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curs during boiling or condensing. When a gas cdiokentually returns
to the liquid phase, or condenses. The energymiemass given up dur-
ing the process is called the heat of condensatdimhjt equals the heat of
vaporization. When a liquid cools, it eventuallyidibes, and the heat of
solidification equals the heat of fusion.

Global warming and greenhouse gases

Many of the principles of energy transfer, and ggifpan to it, can be
understood by studying the operation of a glaserdreuse. During the
day, sunlight passes into the greenhouse and @lsss by the walls,
soil, plants, and so on. This absorbed visibletligrsubsequently rera-
diated as infrared radiation, causing the tempesatdi the interior to
rise.

In addition, convection currents are inhibited igraenhouse. As a
result, warmed air can't rapidly pass over theagma$ of the greenhouse
that are exposed to the outside air and therebgecan energy loss by
conduction through those surfaces.

A phenomenon commonly known as the greenhouseteffecalso
play a major role in determining the Earth's terapge. First, note that
the Earth's atmosphere is a good transmitter (andeha poor absorber)
of visible radiation and a good absorber of infdaradiation. The visi-
ble light that reaches the Earth's surface is &lesband reradiated as
infrared light, which in turn is absorbed (trappég)the Earth's atmos-
phere. An extreme case is the warmest planet, Verhish has a car-
bon dioxide (CO2) atmosphere and temperatures apipirg 850°F.

1. What happens when two objects with different terapges are
placed in thermal contact?

2.  What kinds of energy does internal energy include?

3. Give the definition of calorie.

4. What vessels are called calorimeters?

5. What kinds of phase changes do you know?

6. What do you know about global warming?
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Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Kanopus lorieca
Tasnue ingmelt
Kunenue ingboil
Kanopumempus metrycalori
Kousexyus concvection

2. Match the words in A with the words in B to formword combina-
tions:

A B
Internal change
Specific warming
Phase energy
Global motion
Greenhouse effect
Vibrational heat

3. Fill in the gaps with the missing words from thdist:
British thermal unit(Btu), internal energy, greenhouse gases, heat,
specific heat

1. The of a monatomic ideal gas is associated with the
translational motion of its atoms.
2. is the transfer of thermal energy, just as worthéstrans-

fer of mechanical energy.

3. Theunit of heat in the U.S. customary system, the , was
defined as the energy required to raise the terhperaf 1 Ib of water
from 63°F to 64°F.

4. The fact that the of water is higher than the specific heat
of sand is responsible for the pattern of airflava &each.

5.  Whether the increasing are responsible or not, there is
convincing evidence that global warming is underway
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UNIT 12
THE LAWS OF THERMODINAMICS

Read the following texts. Study the thesaurus ondi 12, answer
the questions after the texts

According to the first law of thermodynamics, tidernal energy of
a system can be increased either by adding enertfyetsystem or by
doing work on it. This means the internal energyaystem, which is
just the sum of the molecular kinetic and poterdgiargies, can change
as a result of two separate types of energy tramsi®ss the boundary
of the system. Although the first law imposes coveston of energy for
both energy added by heat and work done on a syétemesn't predict
which of several possible energy-conserving praeastually occur in
nature.

The second law of thermodynamics constrains tlsé [fiv by estab-
lishing which processes allowed by the first lawually occur. For ex-
ample, the second law tells us that energy newersfloy heat spontane-
ously from a cold object to a hot object. One int@otr application this
law is in the study of heat engines (such as tternal combustion en-
gine) and the principles that limit their efficignc

Work in thermodynamic processes

Energy can be transferred to a system by heat anwabbk done on
the system. In most cases of interest treated tieresystem is a volume
of gas, which is important in understanding engiidissuch systems of
gas will be assumed to be in thermodynamic equiliby so that every
part of the gas is at the same temperature andyseedf that were not
the case, the ideal gas law wouldn't apply and rabghe results pre-
sented here wouldn't be valid.

The first law of thermodynamics

The first law of thermodynamids another energy conservation law
that relates changes in internal energy - the gnasgociated with the
position and jiggling of all the molecules of ateyn - to energy trans-
fers due to heat and work. The first law is uniadlysvalid, applicable
to all kinds of processes, providing a connectietween the micro-
scopic and macroscopic worlds.

There are two ways energy can be transferred bataesystem and
its surroundings: by doing work, which requires acnoscopic dis-
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placement of an object through the application éfrae; and by heat,

which occurs through random molecular collisionstrBmechanisms

result in a change in internal energy, the system and therefore in
measurable changes in the macroscopic variabldgeafystem, such as
the pressure, temperature, and volume. The eneaggferred to the

system is positive when energy is transferred thto system by heat
and negative when energy is transferred out ofylseem by heat.

A gas with a larger molar specific heat requiresarenergy to real-
ize a given temperature change. The size of theamsplecific heat de-
pends on the structure of the gas molecule andrhamy different ways
it can store energy. A monatomic gas such as helamstore energy as
motion in three different directions. A gas sucthggrogen, on the oth-
er hand, is diatomic in normal temperature ranged,aside from mov-
ing in three directions, it can also tumble, ratgtin two different direc-
tions. So hydrogen molecules can store energyeanfdahm of transla-
tional motion, and in addition can store energwptigh tumbling. Mole-
cules can also store energy in the vibrations eifr tbonstituent atoms.
A gas composed of molecules with more ways to staergy will have
a larger molar specific heat.

There are four basic types of thermal processeanlisobaric pro-
cess the pressure remains constant as the gasdexmais compressed.
Expanding volume and decreasing temperature mbéansréssure must
also decrease, in conformity with the ideal gas lavthe adiabatic pro-
cess, no energy enters or leaves the system by Beelh a system is
insulated - thermally isolated from its environmefu adiabatic expan-
sion is of practical importance and is nearly msdiin an internal com-
bustion engine. An isovolumetric process, sometioadied an isochoric
process, proceeds at constant volume. In an ismclpocess, the
change in internal energy of a system equals tleeggriransferred to
the system by heat. During an isothermal procesddimperature of a
system doesn't change. If the system is an idealugdergoing an iso-
thermal process, the work done on the system ialeéquhe negative of
the thermal energy transferred to the system.

Heat engines and the second law of thermodynamics

A heat engingakes in energy by heat and partially converts dth-
er forms, such as electrical and mechanical enéngg.typical process
for producing electricity in a power plant, for fasce, coal or some
other fuel is burned, and the resulting internargw is used to convert
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water to steam. The steam is then directed atltteb of a turbine, set-
ting it rotating. Finally, the mechanical energg@sated with this rota-
tion is used to drive an electric generator. Intaeoheat engine - the
internal combustion engine in an automobile - epengters the engine
as fuel is injected into the cylinder and combusgettl a fraction of this
energy is converted to mechanical energy.

In general, a heat engine carries some workingtanbs through a
cyclic process during which (1) energy is trangfdrby heat from a
source at a high temperature, (2) work is donehigyengine, and (3)
energy is expelled by the engine by heat to a soatdower tempera-
ture. As an example, consider the operation otanstengine in which
the working substance is water. The water in thgirenis carried
through a cycle in which it first evaporates inteasn in a boiler and
then expands against a piston. After the steamridensed with cooling
water, it returns to the boiler, and the procesepeated.

The thermal efficiency of a heat engine is definedhe work done by
the engine, divided by the energy absorbed dutirgoycle. We can think
of thermal efficiency as the ratio of the benediteived (work) to the cost
incurred. Heat engines can operate in reverse.widik is done in the
compressor unit of the refrigerator, compressimgfiagerant such as fre-
on, causing its temperature to increase. A houdaiplconditioner is an-
other example of a heat pump. Some homes are bathchand cooled by
heat pumps.

There are limits to the efficiency of heat enginElke ideal engine
would convert all input energy into useful work,tbuturns out that
such an engine is impossible to construct. The ikdNanck formula-
tion of the second law of thermodynamics can biedtas follows: No
heat engine operating in a cycle can absorb erfevgya reservoir and
use it entirely for the performance of an equal am@f work.

To summarize, the first law says we can't get atgreamount of en-
ergy out of a cyclic process than we put in, aredgbcond law says we
can't break even. No engine can operate with 10fiteacy, but dif-
ferent designs yield different efficiencies, anduins out one design in
particular delivers the maximum possible efficienthis design is the
Carnot cycle. Understanding it requires the corxeptreversible and
irreversible processes. In a reversible processyestate along the path
is an equilibrium state, so the system can retoritstinitial conditions
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by going along the same path in the reverse dimeci#\ process that
doesn't satisfy this requirement is irreversible.

The Laws of Thermodynamics

Thermodynamig Work
processes done on
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The Carnot Engine

In 1824, in an effort to understand the efficieméyreal engines, a
French engineer named Sadi Carnot (1796-1832)itedca theoretical
engine now called a Carnot engihat is of great importance from both
a practical and a theoretical viewpoint. He showet a heat engine
operating in an ideal, reversible cycle-now calle@arnot cycle - be-
tween two energy reservoirs is the most efficiergime possible. Such
an engine establishes an upper limit on the effaes of all real en-
gines. Carnot's theorem can be stated as followsehll engine operat-
ing between two energy reservoirs can be moreigfiichan a Carnot
engine operating between the same two reservoirs.

According to the third law of thermodynamics, irspossible to
lower the temperature of a system to absolute ireacfinite number of
steps, so such reservoirs are not available, andhéximum efficiency
is always less than one. In most practical cabes;ald reservoir is near
room temperature, about 300 K, so increasing tfieiexicy requires
raising the temperature of the hot reservoir. Allrengines operate ir-
reversibly, due to friction and the brevity of theicles, and are there-
fore less efficient than the Carnot engine.

A state variable called the entropy is relatechiogecond law of ther-
modynamics. We define entropy on a macroscopie saglthe German
physicist Rudolf Clausius (1822-1888) first expegbss in 1865. The con-
cept of entropy gained wide acceptance in partuseca provided another
variable to describe the state of a system, alatigpressure, volume, and
temperature. Its significance was enhanced whemastfound that the en-
tropy of the Universe increases in all natural psses. This is yet another
way of stating the second law of thermodynamics.

Entropy originally found its place in thermodynasidout its im-
portance grew tremendously as the field of stesistimechanics devel-
oped. One of the main conclusions of the statistigahanical approach is
that isolated systems tend toward greater disoeahet,entropy is a meas-
ure of that disorder.

1. What laws of thermodynamics do you know?

2. How many ways of transferring energy between aesystnd its
surroundings do you know?

3. Name four types of thermal processes.

4. Give the Kelvin-Planck formulation of the second laf thermo-
dynamics.
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5. Why law is the concept of entropy connected with?
6. What is the principle of work of Carnot engine?

Exercises
1. Rearrange the letters in the anagrams to form edvalents for the
Russian words:

Oxpyorcarowas cpeda Surdingsroun
Xonoounvrux friregerator
Leucamenw gineel
Oumponus troepyr
Heynopsoouennocme sorderdi

2. Match the words in A with the words in B to formword combina-
tions:

A B
Movable pump:
Thermodynam pistor
Isovolumetri engine
Heal proces
Carnol plant
Power variable

3. Fill in the gaps with the missing words from thdist:
internal energy, adiabatiprocess, entropy, thermodynamic varia-
bles, degree of freedom

1. The of any isolated system must remain constant.
2. When a system isn't isolated, the change in intemeargy will
be zero if the system goes through a cyclic proaesshich all the
- pressure, volume, temperature, and moles of ggsirn to their
original values.
3. Each different way a gas molecule can store enisrgglled a

4. A sufficiently rapid process may be considered agprately
because there isn't time for any significant fiemaf energy by heat.
5. The concept of is satisfying because it enables us to present
the second law of thermodynamics in the form ofaghematical statement.
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PART I

Vibrations and Waves

UNIT 13
VIBRATION AND WAVES

Read the following texts. Study the thesaurus ondi 13, answer
the questions after the texts

Periodic motion, from masses on springs to vibretiof atoms, is
one of the most important kinds of physical behavio this Unit we
take a more detailed look at Hooke's law, wherddhee is proportional
to the displacement, tending to restore objecsotoe equilibrium posi-
tion. A large number of physical systems can beessfully modeled
with this simple idea, including the vibrationsatfings, the swinging of
a pendulum, and the propagation of waves of atikii\ll these physi-
cal phenomena involve periodic motion.

Periodic vibrations can cause disturbances thatentibrough a me-
dium in the form of waves. Many kinds of waves acicunature, such
as sound waves, water waves, seismic waves, arudrost@gnetic
waves. These very different physical phenomenaleseribed by com-
mon terms and concepts introduced here.

Hooke's law

One of the simplest types of vibrational motiorthiat of an object
attached to a spring, previously discussed in thdext of energy in
Unit 5. We assume that the object moves on a dn#ss horizontal
surface. If the spring is stretched or compressshall distance from
its unstretched or equilibrium position and theteased, it exerts a
force on the object. The value of the spring cartdtas a measure of
the stiffness of the spring. Stiff springs havegéek values, and soft
springs have small the spring constealues. A restoring force always
pushes or pulls the object toward the equilibriursifion.

Simple harmonic motion occurs when the net foroaglthe direc-
tion of motion obeys Hooke's law - when the netéois proportional to
the displacement from the equilibrium point andlways directed to-
ward the equilibrium point. Not all periodic mot®over the same path
can be classified as simple harmonic motion. A balhg tossed back
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and forth between a parent and a child moves ey, but the mo-
tion isn't simple harmonic motion, because thedaicting on the ball
doesn't take the form of Hooke's law.

The following three concepts are important in dising any kind of
periodic motion. The amplitude is the maximum dist of the object
from its equilibrium position. The period is theng it takes the object to
move through one complete cycle of motion. Thedesgy is the num-
ber of complete cycles or vibrations per unit oféi

Elastic potential energy

A system of interacting objects has potential epergsociated with
the configuration of the system. A compressed gphias potential en-
ergy that, when allowed to expand, can do workrmonlgect, transform-
ing spring potential energy into the object's kimenergy. The energy
stored in a stretched or compressed spring or sdinee elastic material
is called elastic potential energy.

A valuable example of the relationship between fémparmonic
motion and circular motion can be seen in vehieled machines that
use the back-and-forth motion of a piston to creati@tional motion in a
wheel.

The period T represents the time required for amepdete trip back
and forth, is also the time it takes the ball tdkenane complete circular
trip on the turntable. The inverse of period igjfrency. The units of
frequency are cycles per second, or hertz(Hz).

Motion of a pendulum

A simple pendulum is mechanical system that exhipériodic mo-
tion. It consists of a small bob of masssuspended by a light string of
length L fixed at its upper end. (By a light string, we mdhat the
string's mass is assumed to be very small compeaithdhe mass of the
bob and hence can be ignored.) When released otveswings to and
fro over the same path; but is its motion simplenfanic?

Answering this question requires examining theorasg force - the
force of gravity - that acts on the pendulum. Tlkeagulum bob moves
along a circular arc, rather than back and forth straight line. When
the oscillations are small, however, the motiontle#d bob is nearly
straight, so Hooke's law may apply approximately.
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Vibrations and Waves
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Damped oscillation

The vibrating motions we have discussed so far haken place in
ideal systems that oscillate indefinitely under #ution of a linear re-
storing force. In all real mechanical systems, dsrof friction retard the
motion, so the systems don't oscillate indefinitdlize friction reduces
the mechanical energy of the system as time paasdsthe motion is
said to be damped.

Shock absorbers in automobiles are one practicplicagion of
damped motion. A shock absorber consists of ampistoving through a
liquid such as oil. The upper part of the shockodber is firmly at-
tached to the body of the car. When the car trave¢és a bump in the
road, holes in the piston allow it to move up anevd in the fluid in a
damped fashion.

Damped motion varies with the fluid used. For exiami the fluid
has a relatively low viscosity, the vibrating matis preserved but the
amplitude of vibration decreases in time and théaonaltimately ceases.
This is known as underdamped oscillation. If thédflviscosity is in-
creased, the object returns rapidly to equilibriafter it's released and
doesn't oscillate. In this case, the system istsd critically damped. If
the viscosity is made greater still, the systesaid to be overdamped.

Waves

The world is full of waves: sound waves, waves @trimg, seismic
waves, and electromagnetic waves, such as vidii, Iradio waves,
television signals, and x-rays. All of these wakiase as their source a
vibrating object, so we can apply the conceptsimpke harmonic mo-
tion in describing them.

In the case of sound waves, the vibrations thatiymre waves arise
from sources such as a person'’s vocal chords luckeal guitar string.
The vibrations of electrons in an antenna prodwchor or television
waves, and the simple up-and-down motion.

Interference of waves

Many interesting wave phenomena in nature requu@ @r more
waves passing through the same region of spadw aame time. Two
traveling waves can meet and pass through each wfitizout being
destroyed or even altered. For instance, when telables are thrown
into a pond, the expanding circular waves don'trdgsach other. In
fact, the ripples pass through each other. Likeywigdeen sound waves
from two sources move through air, they pass thiaarh other. In the
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region of overlap, the resultant wave is found bdiag the displace-
ments of the individual waves.
Reflection of waves
Whenever a traveling wave reaches a boundary, graail of the
waves is reflected. Note that the reflected pusaverted. This can be
explained as follows: When the pulse meets the, Wadlstring exerts an
upward force on the wall.

1. Give examples of physical phenomena containingogi&rimo-
tion.
2. On what condition does the spring exert a forcéherobject?

3. What do you know about a restoring force?

4. What do you understand under the term simple haomootion?

5. Explain the term a simple pendulum.

6. What can you say about the vibrations in the cdssoand
waves?

7. Explain the phenomena of reflection of waves.

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Yacmoma gufreency
Ynpyeocmy, npysrcuna ringsp
Pacnpocmpanenue pagationpro
Masmnux dulumpen
Cmpyna trings
2. Match the words in A with the words in B to formword combina-
tions:
A B
Equilibrium oscillation
Shock motion
Stiff wave
Over-damped absorbers
Transverse position
Up-and-down spring
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3. Fill in the gaps with the missing words from thdist:
frequency, simple harmonic motion, amplitude, seng@ndulum, pe-
riod

1. occurs when the net force along the direction ofiom
obeys Hooke's law.

2. The is the maximum distance of the object from itsikigu
rium position.

3. The is the time it takes the object to move througle on
complete cycle of motion.

4. The is the number of complete cycles or vibrationsyrat
of time.

5. The period of a doesn't depend on the mass, but only on

the pendulum's length and on the free-fall accttera

UNIT 14
SOUND

Read the following texts. Study the thesaurus ondi 14, answer
the questions after the texts

Sound waves are the most important example of fodigial waves.
In this Unit we discuss the characteristics of sbwaves: how they are
produced, what they are, and how they travel thromgtter. We then
investigate what happens when sound waves intewgheeach other.
The insights gained in this Unit will help you umstand how we hear.

Producing a sound wave

Whether it conveys the shrill whine of a jet engarghe soft melo-
dies of a crooner, any sound wave has its soureewibrating object.
Musical instruments produce sounds in a varietways. The sound of
a clarinet is produced by a vibrating reed, thendoaf a drum by the
vibration of the taut drumhead, the sound of a@iay vibrating strings,
and the sound from a singer by vibrating vocal sord

Sound waves are longitudinal waves traveling thnoagmedium,
such as air. In order to investigate how sound ware produced, we
focus our attention on the tuning fork, a commoniake for producing
pure musical notes. A tuning fork consists of twetah prongs, or tines,
that vibrate when struck. Their vibration distutbs air near them.
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Characteristics of sound wave

The general motion of elements of air near a vibgabbject is back
and forth between regions of compression and retiefa This back-
and-forth motion of elements of the medium in tivection of the dis-
turbance is characteristic of a longitudinal wakg.contrast, in a trans-
verse wave, the vibrations of the elements of tlegliom are at right
angles to the direction of travel of the wave.

Categories of Sound Waves

Sound waves fall into three categories coverinfediht ranges of
frequencies. Audible waves are longitudinal wavest fie within the
range of sensitivity of the human ear, approxinyagél to 20 000 Hz.
Infrasonic waves are longitudinal waves with freggies below the au-
dible range. Earthquake waves are an example.ddhia waves are
longitudinal waves with frequencies above the aediange for humans
and are produced by certain types of whistles. Amnsuch as dogs can
hear the waves emitted by these whistles.

Applications of Ultrasound

Ultrasonic waves are sound waves with frequenaieatgr than 20
kHz. Because of their high frequency and correspanghort wave-
lengths, ultrasonic waves can be used to produegém of small ob-
jects and are currently in wide use in medical i@pibns, both as a di-
agnostic tool and in certain treatments. Intermghos can be examined
via the images produced by the reflection and adtieor of ultrasonic
waves. Although ultrasonic waves are far safer thaays, their images
don't always have as much detail. Certain orgamselier, such as the
liver and the spleen, are invisible to x-rays kat be imaged with ultra-
sonic waves.

The speed of sound

The speed of a sound wave in a fluid depends orfldies com-
pressibility and inertia. The speed of sound is irhigher in solids than
in gases, because the molecules in a solid intenaceé strongly with
each other than do molecules in a gas. In genssahd travels faster
through solids than liquids and faster through iiguthan gases, alt-
hough there are exceptions. The speed of sounddaigends on the
temperature of the medium.
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Energy and intensity of sound waves

As the tines of a tuning fork move back and fofthotugh the air,
they exert a force on a layer of air and cause imove. In other words,
the tines do work on the layer of air. The fact tin@ fork pours sound
energy into the air is one of the reasons the tidoraf the fork slowly
dies out. Intensity of a wave on a given surfacgeined as the rate at
which energy flows through the surface. The avemapnsity of a wave
on a given surface is defined as the rate at waigrgy flows through
the surface, divided by the surface area.

The faintest sounds the human ear can detectragaency of 1 000
Hz have an intensity of about 18w/m? This intensity is called the
threshold of hearing. The loudest sounds the eartaarate have an
intensity of about 1 W/f(the threshold of pain). The relative intensity
of a sound is called the intensity level or declbeél.

Spherical and plane waves

If a small spherical object oscillates so thatdidius changes period-
ically with time, a spherical sound wave is prodiicEhe wave moves
outward from the source at a constant speed. Bealupoints on the
vibrating sphere behave in the same way, we coadhat the energy in
a spherical wave propagates equally in all direstid@ his means that no
one direction is preferred over any other.

The distance between adjacent wave fronts equalsvitvelength.
The radial lines pointing outward from the souroe erpendicular to
the arcs are called rays.

Now consider a small portion of a wave front treatt a greatlis-
tance from the source. In this case, the rays eaglynparallel to each
other and the wave fronts are very close to belaggs. At distances
from the source that are great relative to the Vesggh, therefore, we
can approximate the wave front with parallel plamedied planevaves
Any small portion of a spherical wave that is fiaomh the source can be
considered a plane wave.

The Doppler effect

If a car or truck is moving while its horn is blawg, the frequency of
the sound you hear is higher as the vehicle appesagou and lower as
it moves away from you. This is one example of Dwppler effect
named for the Austrian physicist Christian Doppl&803-1853), who
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discovered it. The same effect is heard if youfreaanotorcycle and the
horn is stationary: the frequency is higher as gpproach the source
and lower as you move away.

Standing wave

Standing waves can be set up in a stretched giyirapnnecting one
end of the string to a stationary clamp and cornngche other end to a
vibrating object, such as the end of a tuning forkhpy shaking the hand
holding the string up and down at a steady ratavdling waves then
reflect from the ends and move in both directiondh® string. The in-
cident and reflected waves combine according testiperposition prin-
ciple. If the string vibrates at exactly the rigrgquency, the wave ap-
pears to stand still - hence its name, standingewav

Forced vibrations and resonance

In Unit 13 we learned that the energy of a damgsallator decreas-
es over time because of friction. It's possibledmpensate for this en-
ergy loss by applying an external force that doesitiyve work on the
system.

For example, suppose an object-spring system haonge natural
frequency of vibration is pushed back and forthalyyeriodic force with
frequency. The system vibrates at the frequencthefdriving force.
This type of motion is referred to as a forced ailan. Its amplitude
reaches a maximum when the frequency of the drifonce equals the
natural frequency of the system called the resofmaqtiency of the sys-
tem. Under this condition, the system is said tinbblesonance.

Explain the process of producing a sound wave.
What characteristics of a sound wave do you know?
What are the three categories of a sound wave?
Give the definition of ultrasonic wave.

What do you know about Doppler effect?

In what conditions do we observe a standing wave?

o0k wnNE
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Russian words:

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the

3syx undso
Coicamue prescomsion
Paspesicenue factionrare
Lnuna eonnoi lengthwave
Peszonanc sonancere

2. Match the words in A with the words in B to formword combina-

tions:
A B

Longitudinal wave
Tuning source
Doppler vibration
Point wave
Forced effect
Incident fork

3. Fill in the gaps with the missing words from thdist:
sound wave, longitudinal sound wave, intensities)ding longitu-
dinal waves, wave speed

1. We can use a sinusoidal curve to represent a .

2. The motion of the elements of the medium in a _is back
and forth along the direction in which the waveréia.

3. The depends on an elastic property of the medium and o
an inertial property of the medium.

4. The loudest tolerable sounds have _about 1.0 X 18 times
greater than the faintest detectable sounds.

5. can be set up in a tube of air, such as an orgam fhe
result of interference between sound waves tragetinopposite direc-
tions.
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PART IV

Electricity and Magnetism

UNIT 15
ELECTRIC FORCES AND ELECTRIC FIELDS

Read the following texts. Study the thesaurus ondi 15, answer
the questions after the texts

Electricity is the lifeblood of technological ciizhtion and modern
society. Without it, we revert to the mid-ninetdementury: no tele-
phones, no television, none of the household apdis that we take for
granted. Modern medicine would be a fantasy, amdtduhe lack of so-
phisticated experimental equipment and fast computend especially the
slow dissemination of information - science andtedogy would grow
at a glacial pace.

Instead, with the discovery and harnessing of ideftirces and fields,
we can view arrangements of atoms, probe the iwngtings of the cell,
and send spacecraft beyond the limits of the sylstem. All this has be-
come possible in just the last few generationsurhdn life, a blink of
the eye compared to the million years our kind spamaging the savan-
nahs of Africa.

Around 700 B.C. the ancient Greeks conducted thiestsknown study
of electricity. It all began when someone notickdtta fossil material
called amber would attract small objects after gpeirbbed with wool.
Since then we have learned that this phenomenoaot igestricted to am-
ber and wool, but occurs (to some degree) whensilany two noncon-
ducting substances are rubbed together.

We use the effect of charging by friction to begiminvestigation of
electric forces. Coulomb's law is the fundamerdaal bf force between
any two stationary charged particles. The concémnoelectric field
associated with charges is introduced and its &ffen other charged
particles described.

Properties of electric charges

After running a plastic comb through your hair, ywill find that
the comb attracts bits of paper. The attractivedois often strong
enough to suspend the paper from the comb, detfieggravitational
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pull of the entire Earth. The same effect occuth wther rubbed materi-
als, such as glass and hard rubber.

Another simple experiment is to rub an inflateddusl against wool (or
across your hair). On a dry day, the rubbed baNairthen stick to the wall
of a room often for hours. These materials haverbelectrically charged
Experiments also demonstrate that there are twas kifi electric charge,
which Benjamin Franklin (1706-1790) named positiid negative

Objects usually contain equal amounts of positiwt rregative charge -
electrical forces between objects arise when tbhbgets have net negative
or positive charges. Charge transfers readily foom type of material to
another. Rubbing the two materials together sevésxcrease the area of
contact, facilitating the transfer process.

An important characteristic of charge is that eleatharge is always
conserved. Charge isn't created when two neutijatisbare rubbed to-
gether; rather, the objects become charged becmgative charge is
transferred from one object to the other. One dbjmins a negative
charge while the other loses an equal amount o&thegcharge and
hence is left with a net positive charge.

Insulators and conductors

Substances can be classified in terms of theityahil conduct electric
charge. In conductors, electric charges move fragelyesponse to an
electric force. All other materials are called iasors.

Glass and rubber are insulators. When such matexial charged by
rubbing, only the rubbed area becomes charged tlzm@ is no ten-
dency for the charge to move into other regionthefmaterial. In con-
trast, materials such as copper, aluminum, andrsilke good conductors.
When such materials are charged in some smallrrethie charge readily
distributes itself over the entire surface of thetemial. If you hold a cop-
per rod in your hand and rub the rod with woolwur, ft will not attract a
piece of paper. This might suggest that a metdt barcharged. Howev-
er, if you hold the copper rod with an insulatod &men rub it with wool or
fur, the rod remains charged and attracts the péapéehe first case, the
electric charges produced by rubbing readily mowenfthe copper
through your body and finally to ground. In the @at case, the insulat-
ing handle prevents the flow of charge to ground.

Semiconductors are a third class of materials,tlagid electrical prop-
erties are somewhere between those of insulatdrthase of conductors.
Silicon and germanium are well-known semiconductbet are widely
used in the fabrication of a variety of electrafgvices.
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Electric Forces and Electric Fields
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Fig. 15.Thesaurus for Unit 15
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Coulomb's law

In 1785 Charles Coulomb (1736-1806) experimentaditablished the
fundamental law of electric force between two ety charged particles.
An electric forcehas the following properties:

1. It is directed along a line joining the two jEes and is inversely
proportional to the square of the separation distdetween them.

2. It is proportional to the product of the magdés of the charges of
the two particles.

3. It is attractive if the charges are of opposign and repulsive
if the charges have the same sign.

The electric field

The gravitational force and the electrostatic foace both capable
of acting through space, producing an effect evlenathere isn't any
physical contact between the objects involved.dFfefces can be dis-
cussed in a variety of ways, but an approach dpeedldy Michael Fara-
day (1791-1867) is the most practical. In this apph, an electric fiels
said to exist in the region of space around a @thadpject. The electric
field exerts an electric force on any other chargégect within the
field. This differs from the Coulomb's law concepta force exerted at a
distance, in that the force is now exerted by sbingt- the field - that
is in the same location as the charged object.

Conductors in electrostatic equilibrium

A good electric conductor like copper, though efeally neutral,
contains charges (electrons) that aren't boundnto edom and are
free to move about within the material. When nometion of charge
occurs within a conductor, the conductor is saidbé¢oin electrostatic
equilibrium.

In 1929 Robert J.Van de Graaff (1901-1967) desigmed built an
electrostatic generator that has been used exédnsiv nuclear physics
research. The principles of its operation can lkerstood with knowledge
of the properties of electric fields and chargeeaaly presented in this
Unit.

Electric flux and Gauss's law

Gauss's law is essentially a technique for caloglahe average elec-
tric field on a closed surface, developed by Kaikdtich Gauss (1777-
1855). When the electric field, because of its sytnyn is constant every-
where on that surface and perpendicular to iteitaet electric field can be
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found. In such special cases, Gauss's law is faere@ apply than Cou-
lomb's law.

Gauss's law relates the electric flux through aeddosurface and the to-
tal charge inside that surface. A closed surfaceadmainside and an out-
side: an example is a sphere. Electric flux is asaee of how much the
electric field vectors penetrate through a giverfiese. If the electric field
vectors are tangent to the surface at all poiotsgfample, then they don't
penetrate the surface and the electric flux thrabglsurface is zero.

1. Why electricity is the lifeblood of technologicdlitization and
modern society?

2. What law is the fundamental law of force betweey @vo sta-
tionary charged particles?

3. What properties of electric charges do you know?

4. What's the difference between insulators and coiods@

5.  What does the Coulomb’s law state?

6. For what purpose do we use Gauss’s law?

Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Kynon lombcou
Jlusnexmpuyecxas nocmosnuas tivitypermit
Uszonamop sulatorin
THonynpoeoonux conductorsemi
Kpemnuii liconsi

2. Match the words in A with the words in B to formword combina-
tions:

A B
Electric equilibrium
Coulomb surface
Electrostatic charge
Van de Graaf generator
Gaussian by friction
Charging constant
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3. Fill in the gaps with the missing words from thdist:
Gauss's law, coulomb constant, electric force, gans surface,
charge

1. In modern terms, the is said to be quantizecheaning that
charge occurs in discrete chunks that can't bedugubdivided.

2. The value of the depends on the choice of units.

3. When a positive test charge is used, the eleotid &lways has the
same direction as the on the test charge.

4. Though it's not obvious, describes how charges create electric
fields.

5 A is an imaginary surface, created solely to fatdita math-
ematical calculation.

UNIT 16
ELECTRICAL ENERGY AND CAPACITANCE

Read the following texts. Study the thesaurus ondi 16, answer
the questions after the texts

By using the principle of conservation of energeg, ave often able to
avoid working directly with forces when solving ptems. The poten-
tial energy concept is also useful in the studelettricity. Because the
Coulomb force is conservative, we can define aotetepotential ener-
gy corresponding to that force. In addition, weirefan electric poten-
tial - the potential energy per unit charge - cepanding to the electric
field.

With the concept of electric potential in hand, @e® begin to under-
stand electric circuits, starting with an investiga of a common circuit
element called a capacitor. These simple deviage sllectrical energy
and have found uses virtually everywhere, from edctircuits on a mi-
crochip to the creation of enormous bursts of poinefusion experi-
ments.

Potential difference and electric potential

Electric potential energy and electric potenti&@ ellosely related con-
cepts. The electric potential turns out to be fjhstelectric potential en-
ergy per unit charge. This is similar to the relaship between electric
force and the electric field, which is the electdrce per unit charge.
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The electric force is conservative, so the eleatrack depends only
on the endpoints of the path. Because the elefodtat is conservative,
the change in potential energy doesn't depend enptth. Because
electric potential energy is a scalar quantityctele potential is also a
scalar quantity.

The electric potential difference is a measurehef ¢thange in elec-
tric potential energy per unit charge. Alternatahg electric potential
difference is the work per unit charge that wousVéd to be done by
some force to move a charge from pofto point B in the electric
field.

Released from rest, positive charges acceleratetapaously from
regions of high potential to low potential. If agitve charge is given
some initial velocity in the direction of high patal, it can move in
that direction, but will slowand finally turn around, just like a ball
tossed upwards in a gravity field. Negative chamg®xactly the op-
posite: Released from rest, they accelerate fragiomns of low poten-
tial toward regions of high potential. Work must db@ne on negative
charges to make them go in the direction of lowecteic potential.

Electric potential and potential energy due to poihcharges

In electric circuits, a point of zero electric patial is often defined
by grounding (connecting to Earth) some point i tircuit. For exam-
ple, if the negative terminal of a 12-V battery evepnnected to ground,
it would be considered have a potential of zeroilevthe positive ter-
minal would have a potential of + 12 V. The potalntiifference created
by the battery, however, is only locally defined this Unit we describe
the electric potential of a point charge which efided throughout
space.

The electric field of a point charge extends thhamg space, so its
electric potential does, also. The zero point etteic potential could be
taken anywhere but is usually taken to be an tefidistance from the
charge, far from its influence and the influenceuo§ other charges.

The electric potential of two or more charges i&wted by applying
the superposition principle: the total electricgyital at some point due
to several point charges is the algebraic sumenétbctric potentials due
to the individual charges.
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Electrical Energy and Capacitance
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pacitor Degree of
shock

Fig. 16.Thesaurus for Unit 16
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Equipotential surfaces

A surface on which all points are at the same pialeis called an
equipotential surface. The potential differenceveen any two points on
an equipotential surface is zero. Hence, no warkggired to move a charge
at constant speed on an equipotential surface.

Equipotential surfaces have a simple relationshifhé electric field:
The electric field at every point of an equipotahsiurface is perpendicu-
lar to the surface. If the electric fiell had a component parallel to the
surface, that component would produce an electicef on a charge
placed on the surface. This force would do worktle& charge as it
moved from one point to another, in contradictiorthte definition of an
equipotential surface.

Capacitance

A capacitor is a device used in a variety of eledircuits - for exam-
ple, to tune the frequency of radio receivers, glate sparking in
automobile ignition systems, or store short-terrargg for rapid re-
lease in electronic flash units. A capacitor cdasi$ two parallel metal
plates separated by a distartteUsed in an electric circuit, the plates
are connected to the positive and negative tersiimiaa battery or some
other voltage source. When this connection is meléetrons are pulled
off one of the plates, leaving it with a charge+of), and are trans-
ferred through the battery to the other plate,itegit with a charge of
Q. The transfer of charge stops when the potentifdrence across the
plates equals the potential difference of the bat#& charged capacitor
is a device that stores energy that can be redawien needed for a
specific application.

The capacitance of a capacitor is the ratio ofrttagnitude of the
charge on either conductor (plate) to the magnitofi¢ghe potential
difference between the conductors (plates). Sl:amiad (F) = coulomb
per volt (C/V).

Energy stored in a charged capacitor

Almost everyone who works with electronic equipmbas at some
time verified that a capacitor can store energyhdf plates of a charged
capacitor are connected by a conductor such asea gtiarge transfers
from one plate to the other until the two are unged. The discharge can
often be observed as a visible spark. If you actally touched the oppo-
site plates of a charged capacitor, your fingerslévact as a pathway by
which the capacitor could discharge, inflictingedactric shock. The de-
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gree of shock would depend on the capacitance altabe applied to the
capacitor. Where high voltages and large quantitieharge are present,
as in the power supply of a television set, sushazk can be fatal.
Capacitors with dielectrics

A dielectric is an insulating material, such asberb plastic, or waxed
paper. When a dielectric is inserted between taeplof a capacitor, the
capacitance increases. If the dielectric compldiiéythe space between
the plates, the capacitance is multiplied by tletofac, called the dielectric
constant.

1. What's the difference between potential differeace electric
potential?

2. The electric field of a point charge extends thiraug space.
What about its electric potential?

3. Formulate the superposition principle.

4. What's the potential difference between any twanfgobn equi-
potential surface?

5.  Where do we use a capacitor?

6. Why dielectric is used in capacitor?

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

DKreunomeHyuabl potentialsequi
Emxocmy citancecapa
Konoencamop citorcapa
Dnekmponposoo rewi

3aoicum, kiemma minalter

2. Match the words in A with the words in B to formword combina-
tions:

A B
Potential charge
Point surfaces
Equipotential difference
Superposition potential
Dielectric principle
Low strength
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3. Fill in the gaps with the missing words from thdist:
capacitance ,electric potential energy, chargedduwtor, equipo-
tentials, electric potential

1. differs significantly from gravitational potentignergy,
however, in that there are two kinds of electratarge - positive and neg-
ative - whereas gravity has only positive "graiotal charge” (i.e. mass).

2. is characteristic the field only, independent dést charge
that may be placed in that field.

3. All points on the surface of a in electrostatic equilibrium are at
the same potential.

4. The of a point charge are a family of spheres centré¢he
point charge.

5. The equivalent of a parallel combination of capacitors is
greater than any of the individual capacitances.

UNIT 17
CURRENT AND RESISTANCE

Read the following texts. Study the thesaurus ondi 17, answer
the questions after the texts

Many practical applications and devices are basethe principles of
static electricity, but electricity was destinedogcome an inseparable part
of our daily lives when scientists learned how todpce a continuous
flow of charge for relatively long periods of timsing batteries. The bat-
tery or voltaic cell was invented in 1800 by thadidin physicist Alessandro
Volta. Batteries supplied a continuous flow of ¢gjeaat low potential, in
contrast to earlier electrostatic devices that peced a tiny flow of charge
at high potential for brief periods. This steadyrse of electric current
allowed scientists to perform experiments to ldaw to control the flow
of electric charges in circuits. Today, electricrents power our lights,
radios, television sets, air conditioners, comptand refrigerators. They
ignite the gasoline in automobile engines, traaigh miniature compo-

91



nents making up the chips of microcomputers, aodige the power for
countless other invaluable tasks.
Electric current

If charges move in a direction perpendicular todese, the current is
the rate at which charge flows through this surf&ee ampere of cur-
rent is equivalent to one coulomb of charge pas#ingugh the cross-
sectional area in a time interval of 1 s. The toamf conventional current
used in this book is the direction positive charfims. (This historical con-
vention originated about 200 years ago, when thasidf positive and
negative charges were introduced.) In a commonuzadsuch as copper,
the current is due to the motion of negatively gbdrelectrons, so the
direction of the current is opposite the directoddmotion of the electrons.
On the other hand, for a beam of positively-chaggetbns in an accelera-
tor, the current is in the same direction as théianof the protons. In
some cases - gases and electrolytes, for exartigecurrent is the result of
the flows of both positive and negative chargesvilp charges, whether
positive or negative, are referred to as chargeersmrin a metal, for example,
the charge carriers are electrons.

In electrostatics, where charges are stationaeyekbctric potential is
the same everywhere in a conductor. This is nodotgie for conduc-
tors carrying current: as charges move along a, Weeelectric potential
is continually decreasing (except in the speciakaaf superconductors).
The phrases flow of current and current flow armmmnly used, but
here the word flow is redundant because curreatready defined as a
flow (of charge). Avoid this construction!

Current and drift speed

Macroscopic currents can be related to the motfahe microscopic
charge carriers making up the current. It turnstioat current depends on
the average speed of the charge carriers in thetidin of the current, the
number of charge carriers per unit volume, andsthe of the charge car-
ried by each.

If the carriers move with a constant average spicexdlled the drift
speed. To understand the meaning of drift speatsider a conductor in
which the charge carriers are free electrons.dfdbnductor is isolated,
these electrons undergo random motion similardanbtion of the mole-
cules of a gas. The drift speed is normally muchllemthan the free elec-
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trons' average speed between collisions with tedlfatoms of the con-
ductor. When a potential difference is applied leetwthe ends of the
conductor (say, with a battery), an electric fisldet up in the conductor,
creating an electric force on the electrons anddencurrent. In reality,
the electrons don't simply move in straight linkEm@ the conductor. In-
stead, they undergo repeated collisions with tbegtof the metal, and the
result is a complicated zigzag motion with onlyrzall average drift speed
along the wire. The energy transferred from thetedas to the metal at-
oms during a collision increases the vibrationargy of the atoms and
causes a corresponding increase in the tempeumnittive conductor.
Current and voltage measurements in circuits

To study electric current in circuits, we need talerstand how to
measure currents and voltages. The circuit consfigialy a battery and a
light-bulb. The word "circuit” means "a closed |bad some sort around
which current circulates. The battery pumps chéngaugh the bulb and
around the loop. No charge would flow without a ptete conducting
path from the positive terminal of the battery imtoe side of the bulb,
out the other side, and through the copper comulgietires back to the
negative terminal of the battery. To measure theeatiin the bulb, we
place an ammeter, the device for measuring curiretihe with the bulb
so there is no path for the current to bypass tetemall of the charge
passing through the bulb must also pass throughathmeter. The
voltmeter measures the potential difference, aagel, between the two
ends of the bulb's filament.

Resistance and Ohm's law

When a voltage (potential difference) is applietbss the ends of a
metallic conductor the current in the conductdoisd to be proportional
to the applied voltage. The proportionality constBnis called the re-
sistance of the conductor. Resistance has Sl ohitelts per ampere,
called ohms.
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Current and Resistance

Electric Voltaic cell | Electric po- | Volt(V)
current tential
Steady source Ampere(A)
Charge Direction of | Direction positive
carriers conventional | charges
current
Average Drift speed
speed of the
charge carri-
ers
Circuit Potential dif- | Voltage
ference
Closed loop
Light-bulb Bulb
Filament
Battery
Ammeter
Voltmeter
Resistance | Ohm's law | Resistor Ohm@,0mega)
Ohmic
Nonohmic
Resistivity Critical tempera-
ture
Superconductors
Electrical | Power Kilowatt-
energy hour(kWh)
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The concepts of electric current, voltage, andstasce can be com-
pared with the flow of water in a river. As watkws downhill in a river
of constant width and depth, the flow rate (waterent) depends on the
steepness of descent of the river and the efféctgks, the riverbank, and
other obstructions. The voltage difference is ay@ls to the steepness,
and the resistance to the obstructions. Basedi®manhlogy, it seems rea-
sonable that increasing the voltage applied toaiitishould increase the
current in the circuit, just as increasing the mtess of descent increases
the water current. Also, increasing the obstrustionthe river's path will
reduce the water current, just as increasing tistagce in a circuit will
lower the electric current. Resistance in a ciranges due to collisions
between the electrons carrying the current witediatoms inside the con-
ductor. For many materials, including most metakperiments show that
the resistance remains constant over a wide rahgpplied voltages or
currents. This statement is known as Ohm's law.

Ohm's law is an empirical relationship valid ondy €ertain materials.
Materials that obey Ohm's law, and hence have stagtresistance over a
wide range of voltages, are said to be ohmic. N&$ehaving resistance
that changes with voltage or current are nonohmic.

Electrons don't move in straight-line paths throaghonductor. In-
stead, they undergo repeated collisions with théalnsoms. The re-
sistance of an ohmic conductor increases with kenghich makes sense
because the electrons going through it must undexge collisions in a
longer conductor. A smaller cross-sectional area #hcreases the re-
sistance of a conductor, just as a smaller pipessiime fluid moving
through it. The resistance is proportional to tleaductor's length and
inversely proportional to its cross-sectional atka, constant of propor-
tionality is called the resistivity. The resistwip, and hence the re-
sistance, of a conductor depends on a number tbriacOne of the
most important is the temperature of the metal.Rost metals, resis-
tivity increases with increasing temperature.

There is a class of metals and compounds withtaesiss that fall vir-
tually to zero below a certain temperature callel dritical temperature.
These materials are known as superconductors.

Electrical energy and power

If a battery is used to establish an electric ¢urie a conductor,
chemical energy stored in the battery is continlyotrensformed into
kinetic energy of the charge carriers. This kinetiergy is quickly lost as
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a result of collisions between the charge car@ad fixed atoms in the
conductor, causing an increase in the temperatutkeoconductor. In
this way, the chemical energy stored in the bafegontinuously trans-
formed into thermal energy.

Regardless of the ways in which you use electeicargy in your home,
you ultimately must pay for it or risk having yopower turned off. The
unit of energy used by electric companies to cateutonsumption, the
kilowatt-hour, is denned in terms of the unit ofygs and the amount of
time it's supplied.

1. What did the Italian physicist Alessandro Voltagnt?

2. Why do we need electric currents ?

3. How do electrons move in conductor?

4. What do we need to measure the current in the bulb?
5. What materials do we call ohmic and nonohmic?

6. For what purpose do we use kilowatt-hour?

Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Lenw cuitcir
Amnepmemp meteram
Conpomusnenue sistancere
Yoenvnoe conpomusnenue retivitysis
Humb naxanusanus mentfila

2. Match the words in A with the words in B to formword combina-
tions:

A B
Steady loop
Drift energy
Ohm'’s temperature
Critical source
Electrical speed
Closed law
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3. Fill in the gaps with the missing words from thdist:
resistor, drift velocity, resistance, superconductors, battery

1. Despite the collisions the electrons move slowbngl the
conductor with the .

2. The does nofprovide electrons to the circuit; it provides
energyto the existing electrons.

3. After Georg Simon Ohm (1789-1854) was the firstomduct a
systematic study of electrical .

4. A is a conductor that provides a specified resistamas
electric circuit.

5. Today thousands of are known, including such common
metals as aluminum, tin, lead, zinc, and indium.

UNIT 18
DIRECT-CURRENT CIRCUITS

Read the following texts. Study the thesaurus ondi 18, answer
the questions after the texts

Batteries, resistors, and capacitors can be usattious combinations to
construct electric circuits, which direct and cohthe flow of electricity
and the energy it conveys. Such circuits make plessill the modern
conveniences in a home - electric lights, eledtave tops and ovens,
washing machines, and a host of other applianattoats. Electric circuits
are also found in our cars, in tractors that ireeefarming productivity,
and in all types of medical equipment that savasaay lives every day.

The analysis of the number of simple direct-curgeuits is simplified
by the use of two rules known as Kirchhoff's rulgkich follow from the
principle of conservation of energy and the lawcafiservation of charge.
Most of the circuits are assumed to be in steaatg sthich means that the
currents are constant in magnitude and direction.

Sources of emf

A current is maintained in a closed circuit by arse of emf. Among
such sources are any devices (for example, battend generators) that
increase the potential energy of the circulatingrgbs. A source of emf
can be thought of as a "charge pump" that forcestrehs to move in a
direction opposite the electrostatic field insitle source. The enefof a
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source is the work done per unit charge; hencesthanit of emf is the
volt.

The terminal voltage when the current is zerogedathe open-circuit
voltage. Terminal voltage also equal the poterditierence across the
external resistance, often called the load registahhe current in simple
circuit depends on both the resistance externdietdattery and the inter-
nal resistance of the battery. We will assume ined@mples and prob-
lems that the internal resistance of a batterydincaiit is negligible.

Resistors in series

When two or more resistors are connected end to thieg are
said to be in seriedhe resistors could be simple devices, such as
light-bulbs or heating elements. Regardless of hamy resistors we
have in series, the sum of the potential differer@eross the resis-
tors is equal to the total potential differenceoasrthe combination.
The equivalent resistance of a series combinatioresistors is the
algebraic sum of the individual resistances andiigys greater than
any individual resistance.

Resistors in parallel

Now consider two resistors connected in parallelthis case, the
potential differences across the resistors areséinee because each is
connected directly across the battery terminalse pbtential drop
must be the same for the two resistors and mustexdsal the po-
tential drop across the battery.

Kirchhoff's rules

We can analyze simple circuits using Ohm's lawtaedules for se-
ries and parallel combinations of resistors. Howebeere are many ways
in which resistors can be connected so that treuits formed can't be
reduced to a single equivalent resistor. The pruaeetbr analyzing more
complex circuits can be facilitated by the usevad simple rules called
Kirchhoff's rules.

RC-circuits

So far, we have been concerned with circuits withstant currents.
We now consider direct-current circuits containtagacitors, in which the
currents vary with time. We assume that the capagit initially un-
charged with the switch opened. After the switcblased, the battery be-
gins to charge the plates of the capacitor andlihege passes through the
resistor. As the capacitor is being charged, thmuiticarries a changing
current. The charging process continues until #pacitor is charged to its
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maximum equilibrium value. Once the capacitor l/faharged, the cur-

rent in the circuit is zero. If we assume thatdhpacitor is uncharged be-
fore the switch is closed, and if the switch issel at t = 0, we find that
the charge on the capacitor varies with time.

Household circuits are a practical applicationahs of the ideas pre-
sented in this Unit. In a typical installation, thidity company distributes
electric power to individual houses with a pairvafes, or power lines.
Electrical devices in a house are then connectgiallel to these lines.
The potential difference between the two wiresisuh 120V. (These cur-
rents and voltages are actually alternating cusrant voltages, but for the
present discussion we will assume that they aeetdourrents and voltag-
es.) One of the wires is connected to ground, badbther wire, some-
times called the "hot" wire, is at a potential @D¥. A meter and a circuit
breaker (or a fuse) are connected in series withvite entering the house.
In modern homes, circuit breakers are used in ghkieses.

Many heavy-duty appliances, such as electric raagdslothes dryers,
require 240V to operate. The power company supplissvoltage by
providing, in addition to a live wire that is 120a&bove ground potential,
another wire, also considered live, that is 120¥Wweground potential .
Therefore, the potential drop across the two livesvis 240V. An appli-
ance operating from a 240V line requires half tineent of one operating
from a 120-V line; consequently, smaller wires barused in the higher-
voltage circuit without becoming overheated.

Electrical safety

A person can be electrocuted by touching a live girhich commonly
is live because of a frayed cord and exposed comdyavhile in contact
with ground. The ground contact might be made hyching a water
pipe (which is normally at ground potential) or btanding on the
ground with wet feet, because impure water is a gmmductor. Obvi-
ously, such situations should be avoided at atsc@&3ectric shock can re-
sult in fatal burns, or it can cause the musclegtaf organs, such as the
heart, to malfunction. As an additional safety deatfor consumers, elec-
trical equipment manufacturers now use electrioadls that have a third
wire, called a case ground.

Special power outlets called ground-fault intereep{GFIs) are now be-
ing used in kitchens, bathrooms, basements, aret brardous areas of
new homes. They are designed to protect people élentrical shock by
sensing small currents - approximately 5 mA andtgre leaking to ground.
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Direct-Current Circuits

Electric lights

. 2 | Household | Electric Electric stove
© § { circuits stove tops | ovens
5 @ | Heavy-duty | Electric Electric clothes
L @ | gppliances ranges dryers
2 Batteries
2 Generators
o Terminal Open-
g — | voltage circuit
<3 voltage
€9 Load re-
W o sistance
Resistors in | Equivalent
R series resistance
é 2 | Resistorsin | Potential
o= parallel drop
oo C_omplex DC
£ & | circuits
Y &
Switch Charging | Maximum equilib-
process rium value
Electrical safe-| Live wire Exposed conduc-
ty tor
Hot wire
Case ground
Circuit break-
%) er(Fuse)
3 Ground-fault in-
S terrupters
8 Neurons Action potentials

Firing threshold

Fig. 18.Thesaurus for Unit 18
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Conduction of electrical signals by neurons

The most remarkable use of electrical phenometigiing organisms
is found in the nervous system of animals. Speedlicells in the body
called neurons forma complex network that receiy@®cesses, and
transmits information from one part of the bodytmther. The center of
this network is located in the brain, which hasahiity to store and ana-
lyze information. On the basis of this informatitime nervous system con-
trols parts of the body.

The nervous system is highly complex and consistbout 16° in-
terconnected neurons. Some aspects of the nerymtens are well
known. Over the p 45 years, the method of signgbggation through the
nervous system has been established. The messag@sitted by neurons
are voltage pulses called action potentlleen a neuron receives a strong
enough stimulus, it produces identical voltage gaithat are actively prop-
agated along its structure. The strength of tmautis is conveyed by the
number of pulses produced. When the pulses reacbrith of the neuron,
they activate either muscle cells or other neurdigere is a "firing
threshold" for neurons: action potentials propagiteg a neuron only if
the stimulus is sufficiently strong.

Where do we use electric circuits?

What is emf?

Resistors in series or in parallel. What does &mfe

What rules are called Kirchhoff's rules?

What elements do RC-circuits contain?

What devices are used for electrical safety?

. What is the most remarkable use of electrical phema in living
organisms?

NoOA~WONE

Exercises

1. Rearrange the letters in the anagrams to form egvalents for
the Russian words:

DnexmpoosudiCywas cuid fmE
RCyenu CRecuit-scir
Inasxuti npedoxpanumens sefu
beszonacnocmo satyfe
Ilepexnrouamens tchswi
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2. Match the words in A with the words in B to formword combina-
tions:

A B
Open-circuit rules
Kirchhoff's wire
Live breaker
Case voltage
Circuit conductor
Exposed ground

3. Fill in the gaps with the missing words from thdist:
equivalent resistor, @urons, time constantgircuit breaker, emf

1. If we neglect the internal resistance of the bgitdre potential

drop across the battery (the terminal voltage) Isgtie of the
battery.
2. The has the same effect on the circuit because it re-

sults in the same current in the circuit as the t@gistors.

3. It's important to note that a capacitor chargey wbowly
in a circuit with a long , Whereas it charges very rapidly in a
circuit with a short time constant.

4. The wire and are carefully selected to meet the current
demands of a circuit.
5. can be divided into three classes: sensory neunootor

neurons, and interneurons.

UNIT 19
MAGNETISM

Read the following texts. Study the thesaurus ondi 19, answer
the questions after the texts

In terms of applications, magnetism is one of thestrimportant
fields in physics. Large electromagnets are usqadioup heavy loads.
Magnets are used in such devices as maasloudspeakers. Magnetic
tapes and disks are used routinely in sound- ashebwiecording equip-
ment and to store computer data. Intense magnetasfare used in
magnetic resonance imaging (MRI) devices to explbeeshuman body
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with better resolution and greater safety thanysrean provide. Giant
superconducting magnets are used in the cyclotf@isguide particles
into targets at nearly the speed of light, and retigrbottles hold anti-
matter, possibly the key to future space propulsigsiems.

Magnetism is closely linked with electricity. Maditefields affect
moving charges, and moving charges produce madfielits. Chang-
ing magnetic fields can even create electric fieltlsese phenomena
signify an underlying unity of electricity and maism, which James
Clerk Maxwell first described in the 19th centufhe ultimate source
of any magnetic field is electric current.

Magnets

Most people have had experience with some formagnat. You are
most likely familiar with the common iron horseshoeagnet that can pick
up iron-containing objects such as paper clipsraid. In the discussion
that follows, we assume the magnet has the shap®ar. Iron objects are
most strongly attracted to either end of such arbagnet, called its
poles. One end is called the north pole and therdtie south pole. The
names come from the behavior of a magnet in theepee of Earth's
magnetic field. If a bar magnet is suspended fitsnmidpoint by a piece
of string so that it can swing freely in a horiznplane, it will rotate
until its north pole points to the north and itaitsopole points to the
south. The same idea is used to construct a siogigass. Magnetic
poles also exert attractive or repulsive forcesach other similar to the
electrical forces between charged objects. In fatple experiments with
two bar magnets show that like poles repel eadr attd unlike poles attract
each other.

Although the force between opposite magnetic pislesmilar to the
force between positive and negative electric claripere is an important
difference: positive and negative electric charcges exist in isolation of
each other; north and south poles don't. No mather many times a
permanent magnet is cut, each piece always haglapale and a south
pole. There is some theoretical basis for the dpgon that magnetic
monopoles (isolated north or south poles) existature, and the attempt
to detect them is currently an active experimeiighd of investigation.

An unmagnetized piece of iron can be magnetizestrioking it with a
magnet. Magnetism can also be induced in iron @hdr materials) by
other means. For example, if a piece of unmagnetizen is placed
near a strong permanent magnet, the piece of wenteally becomes
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magnetized. The process can be accelerated byéeatd then cooling
the iron.

Naturally occurring magnetic materials such as reéggare mag-
netized in this way because they have been subjeztéarth’'s magnetic
field for long periods of time. The extent to whialpiece of material re-
tains its magnetism depends on whether it is diladsas magnetically
hard or soft. Soft magnetic materials, such as &om easily magnetized,
but also tend to lose their magnetism easily. Intrest, hard magnetic
materials, such as cobalt and nickel, are diffibtmlmagnetize, but tend
to retain their magnetism.

Forensic scientists use a technique similar to finderprints at a
crime scene. One way to find latent, or invisilgents is by sprinkling a
powder of iron dust on a surface. The iron adheresy perspiration or
body oils that are present and can be spread amutite surface with a
magnetic brush that never comes into contact vinéhgowder or the
surface.

Earth’s magnetic field

A small bar magnet is said to have north and s@aies, but it's
more accurate to say it has a "north-seeking" aotka "south-seeking”
pole. By these expressions, we mean that if suctagnet is used as a
compass, one end will "seek," or point to, the gaplgic North Pole of
Earth and the other end will "seek,"” or point tee geographic South
Pole of Earth. We conclude that the geographichNeole of Earth corre-
sponds to a magnetic south pole, and the geogr&ghith Pole of Earth
corresponds to a magnetic north pole.

If a compass needle is suspended in bearings Iltbat ito rotate in
the vertical plane as well as in the horizontahplahe needle is horizon-
tal with respect to Earth's surface only near thgaeor. As the device is
moved northward, the needle rotates so that ittpamore and more to-
ward the surface of Earth. The angle between trextittn of the mag-
netic field and the horizontal is called the diglan

There is some evidence that the strength of a fdamagnetic field is
related to the planet's rate of rotation. For eXampupiter rotates
faster than Earth, and recent space probes indibateJupiter's mag-
netic field is stronger than Earth's, even thougpitdr lacks an iron
core. Venus, on the other hand, rotates more sltvey Earth, and its
magnetic field is weaker. Investigation into thesmof Earth's magnetism
continues.
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Magnetic fields

Experiments show, that a stationary charged partidesn't interact
with a static magnetic field. When a charged pariE movingthrough a
magnetic field, however, a magnetic force actstofhis force has its
maximum value when the charge moves in a diregipendicular to the
magnetic field lines, decreases in value at othglea, and becomes zero
when the particle moves along the field lines. Thiguite different from
the electric force, which exerts a force on a cbdngarticle whether it's
moving or at rest. Further, the electric force ieated parallel to the
electric field while the magnetic force on a movet@rge is directed per-
pendicular to the magnetic field.

The Sl unit of magnetic field is the tesla (T),catsalled the weber
(Wb) per square metef.o determine the direction of the magnetic
force, we employ the right-hand rule.

If a magnetic field exerts a force on a single gedrparticle when
it moves through a magnetic field, it should besngorise that magnetic
forces are exerted on a current-carrying wire. Télisws from the fact
that the current is a collection of many chargedigas in motion;
hence, the resultant force on the wire is due ¢ostim of the individual
forces on the charged particles. The force on dr¢iges is transmit-
ted to the "bulk" of the wire through collisionstvithe atoms making
up the wire.

During a lecture demonstration in 1819, the Darsistentist Hans
Oersted (1777-1851) found that an electric curierda wire deflected a
nearby compass needle. This momentous discovekindia magnetic field
with an electric current for the first time, wa® theginning of our under-
standing of the origin of magnetism.

A simple experiment first carried out by Oersted1i®20 clearly
demonstrates that a current-carrying conductorymesla magnetic field.
In this experiment, several compass needles areglan a horizontal
plane near a long vertical wire. When there is moent in the wire, all
needles point in the same direction (that of Eaftéld), as one would ex-
pect. However, when the wire carries a strongdgtearrent, the needles
all deflect in directions tangent to the circlee$a observations show that
the direction of magnetic field is consistent with the following convenient
rule, right-hand rule number: Point the thumb ofiyaght hand along a
wire in the direction of positive current. Your diers then naturally curl
in the direction of the magnetic fiel
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Magnetism

Magnets

Large electro-
magnets

Giant supercon-
ducting magnets

Propulsion

Magnetic devices

Meters

Loudspeakers

Magnetic reso-

Magnetic tapes

nance imaging

Magnetic disks

Bar magnet Permanent magnet  North pole
South pole
Like poles Unlike poles
Magnetized mag{ Soft magnetic ma-
netic material terials
Hard magnetic ma-
terials
Forensic scientists| Crime scene
Right-hand rule Dip angle Weber
Magnetic force | Current-carrying Magnetic field
conductor of a long
Electrics motor
Straight wire Ampere's law
Current loop Ampere's cir-
cuital law
Solenoid
Magnetic field line | Tesla (T)
Magnetic proper-| Spin magnetic mo-
ties ment
Ferromagnetic Magnetic do-
mains

Fig. 19.Thesaurus for Unit 19

106




A general procedure for deriving equations to dakeuthe magnetic
field due to a long, straight wire carrying a catrezas proposed by the
French scientist Andre-Marie Ampere (1775-1836)pritvides a rela-
tion between the current in an arbitrarily shapéa end the magnetic
field produced by the wire.

Magnetic force between two parallel conductors

A magnetic force acts on a current-carrying congtuathen the con-
ductor is placed in an external magnetic field. &mse a conductor carry-
ing a current creates a magnetic field aroundfjttels easy to under-
stand that two current-carrying wires placed clogether exert magnet-
ic forces on each other. Parallel conductors aagrgurrents in the same
direction attract each other parallel conductorsyggg currents in oppo-
site directions repel each other.

Magnetic fields of current loops and solenoids

The strength of the magnetic field set up by agiaowire carrying a
current can be enhanced at a specific locatidmeifitire is formed into a
loop. If a long, straight wire is bent into a cofl several closely spaced
loops, the resulting device is a solenoid, oftelledaan electromagnet.
This device is important in many applications bseaiti acts as a magnet
only when it carries a current.

Magnetic domains

The magnetic field produced by a current in a obivire gives us a
hint as to what might cause certain materials tabéixstrong magnetic
properties. The magnetic properties of many mdsedan be explained
by the fact that an electron not only circles inoabit, but also spins on
its axis like a top, with spin magnetic momentatoms containing many
electrons, the electrons usually pair up with ttegims opposite each
other, so that their fields cancel each other. Thathy most substances
are not magnets. However, in certain strongly magmeaterials, such
as iron, cobalt, and nickel, the magnetic fieldsdpiced by the electron
spins don't cancel completely. Such materials aickte be ferromagnet-
ic. In ferromagnetic materials, strong couplinguscbetween neighbor-
ing atoms, forming large groups of atoms with spimst are aligned.
Called domains, the sizes of these groups typicalhge from about
10~* cmto 0.1 cm.

1. Where do we use magnets?
2. How can you describe magnets?
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3. What do we mean by saying a "north-seeking" poteatsouth-
seeking" pole?

4. What do we need to determine the direction of thegmetic
force?

5. What magnetic field affects charged particle?

6. What do you know about the experiment carried guObrsted
in 18207?

Exercises
1. Rearrange the letters in the anagrams to form eqvalents for the
Russian words:

Hsmepumenvrvie npubopul Metres
Maznum netmag
Conenouo idnosole
Doppomaznemux magneticferro
Jlomenwl mainsdo

2. Match the words in A with the words in B to formword combina-
tions:

A B
Magnetic conductor
North wire
Straight magnet
Like field line
Permanent pole
Current-carrying poles

3. Fill in the gaps with the missing words from thdist:
magnetized magnetic material, magnetic field limggnetic force,
magnetic south pole, right-hand rule

1. A magnetic field also surrounds a properly .

2. The magnetic field of a bar magnet can be traceid the aid of
a compass, defininga .

3. The north pole of a magnet in a compass point$ fimtause it's
attracted to the Earth's - located near the Earth's geographic north
pole.
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4. The total on the wire is the sum of all the magnetic foxmes
the individual charges producing the current.

5. Application of the at any point shows that the magnetic force
Is always directed toward the center of the cincpéth.

UNIT 20
INDUCED VOLTAGES AND INDUCTANCE

Read the following texts. Study the thesaurus ondi 20, answer
the questions after the texts

In 1819, Hans Christian Oersted discovered thatentric current exert-
ed a force on a magnetic compass. Although thetddmg been specula-
tion that such a relationship existed, Oerstendirfg was the first evidence
of a link between electricity and magnetism. Beeausture is often sym-
metric, the discovery that electric currents predo@gnetic fields led sci-
entists to suspect that magnetic fields could predelectric currents. In-
deed, experiments conducted by Michael FaradaynglaBd and inde-
pendently by Joseph Henry in the United States8Bil1showed that a
changing magnetic field could induce an electricant in a circuit. The
results of these experiments led to a basic andrtan law known as Fara-
day's law.

Induced emf and magnetic flux

An experiment first conducted by Faraday demorestrétiat a current
can be produced by a changing magnetic field. Plparatus consists of a
coil connected to a switch and a battery. We \wiler to this coil as the
primary coil and to the corresponding circuit as gnimary circuit. The
coil is wrapped around an iron ring to intensifg thagnetic field pro-
duced by the current in the coil. A second coilthat right, is wrapped
around the iron ring and is connected to an ammétes is called the
secondary coil, and the corresponding circuit iledahe secondary cir-
cuit. It's important to notice that there is natéigtin the secondary circuit.

At first glance, you might guess that no currentildceever be detected
in the secondary circuit. However, when the swiitctine primary circuit is
suddenly closed, something amazing happens: theetenmeasures a
current in the secondary circuit and then retuonsero! When the switch
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is opened again, the ammeter reads a current iappesite direction an
again returns to zero. Finally, whenever there seady current in the
primal circuit, the ammeter reads zero. From oladEms such as these,
Faraday concluded that an electric current coulgrbduced by a chang-
ing magnetic field.

In order to evaluate induced emfs quantitatively,n@ed to understand
what factors affect the phenomenon. While changnmagnetic fields al-
ways induce electric fields, there are also sibuatin which the magnetic
field remains constant, yet an induced electrild fig still produced. The
best example of this is an electric generator: @plof conductor rotating
in a constant magnetic field creates an electricotl

The physical quantity associated with magnetisnt thraates an
electric field is a changing magnetic flux. SI umieber (Wb).

Faraday's law of induction

The usefulness of the concept of magnetic fluxiEmade obvious by
another simple experiment that demonstrates thie los of electromag-
netic induction. If a magnet is moved toward traplahe ammeter reads a
current in one direction. If the magnet is movedgpdrom the loop, the
ammeter reads a current in the opposite directidhe magnet is held
stationary and the loop is moved either towardwayfrom the mag-
net, the ammeter also reads a current. From tHesen@tions, it can be
concluded that a current is set up in the ciralbag as there is relative mo-
tion between the magnet and the loop. The sameaimaeal results are
found whether the loop moves or the magnet movescsil such a cur-
rent an induced current, because it is produceshtigduced emf.

In each case, an emf is induced in a circuit wiennmagnetic flux
through the circuit changes with time. It turns that the instantaneous
emf induced in a circuit equals the negative of rilie of change of
magnetic flux with respect to time through theuircThis is Faraday's law
of magnetic induction.

The polarity determines which of two different diiens current
will flow in a loop, a direction given by Lenz'sdaThe current caused by
the induced emf travels in the direction that @eat magnetic field with
flux opposing the change in the original flux thgbuthe circuit.
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Induced Voltages and | nductance

Changing | Induced Induced Primary
magnetic | current emf coil
field Secondary
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law flux Electro- Lenz's law
magnetic
induction
Motional Commer-
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Electric Alternat- Wire loop
generator | ing-current | Hydroelec-| Blades
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rent (DC) | Commuta-
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Self- Inductance | Henry (H)
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induced emf induced of a coil tor
emf RL-
circuits
Energy
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Fig. 20.Thesaurus for Unit 20
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Generators

Generators and motors are important practical ésvibat operate
on the principle of electromagnetic induction. Tdléernating-current
(AC) generator is a device that converts mechamicalgy to electrical
energy. In its simplest form, the AC generator ¢siesof a wire loop
rotated in a magnetic field by some external mekinsommercial pow-
er plants, the energy required to rotate the lcap lwe derived from a
variety of sources. For example, in a hydroeleqttant, falling water
directed against the blades of a turbine produsesdtary motion; in a
coal-fired plant, heat produced by burning coalded to convert water
to steam, and this steam is directed against thmengiblades. As the
loop rotates, the magnetic flux through it chang#h time, inducing an
emf and a current in an external circuit. The eofdthe loop are con-
nected to slip rings that rotate with the loop.

The components of the direct current (DC) genea®ressentially the
same as those of the AC generator, except thataiacts to the rotat-
ing loop are made by a split ring, or commutatopulsating DC cur-
rent is not suitable for most applications. To proe a steady DC cur-
rent, commercial DC generators use many loops angruitators dis-
tributed around the axis of rotation so that thisbidal pulses from the
loops overlap in phase. When these pulses are isyjmed, the DC
output is almost free of fluctuations.

Self-induction

When the switch is closed, the current doesn't idiately change
from zero to its maximum value. The law of electegmetic induction -
Faraday's law - prevents this. What happens instethe following: as the
current increases with time, the magnetic flux tigto the loop due to this
current also increases. The increasing flux indwre®mf in the cir-
cuit that opposes the change in magnetic flux. Adtepotential differ-
ence across the resistor is the emf of the battémys the opposing in-
duced emf As the magnitude of the current increabesrateof increase
lessens and hence the induced emf decreases. pfjosing emf results
in a gradual increase in the current. For the sagason, when the
switch is opened, the current doesn't immediatallytb zero. This
effect is called self-induction because the chagdlox through the
circuit arises from the circuit itself. The emf theiset up in the circuit is
called a self-induced emf.
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The inductance of a coil depends on the crossesedtarea of the
coil and other quantities, all of which can be gredi under the general
heading of geometric factors. The Sl unit of indnck is the henry (H).

A circuit element that has a large inductance, sagla closely
wrapped coil of many turns, is called an inducidre circuit symbol
for an inductor is RLThe emf induced by an inductor prevents a battery
from establishing an instantaneous current in @iitirThe battery has to
do work to produce a current. We can think of tteeded work as ener-
gy stored in the inductor in its magnetic field.

1. What did Hans Christian Oersted discovered in 18197

2.  What did Faraday concluded from his obswervations?

3. Describe the experiment demonstrating the main éadesectro-
magnetic induction.

4. What components is alternating-current generatosisbof?

5. Could you explain the phenomenon of self-induction?

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Huoyxmusnocmo ducintance
Camounoyrkyus inductionself
RL-yenu cuCirits-LR
Kommymamop torcommuta
Huoyxmop ductorin

2. Match the words in A with the words in B to formword combina-
tions:

A B
Magnetic plant
Coal-fired emf
Alternating-current flux
Self-induced colil
Induced generator
Secondary current
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3. Fill in the gaps with the missing words from thdist:
commercialgeneratorsinduced emfnagnetic flux, self-induced
emf, Lenz's law

1. An is produced in the secondary circuit by the changing
magnetic field.

2. The value of the is proportional to the total number of
lines passing through the loop.

3. says that if the magnetic flux through a loop ésdiming
more positive, say, then the induced emf creatmsr@nt and associated
magnetic field that produces negative magnetic flux

4. In the United States and Canada the frequency tatioa for

is 60 Hz, whereas in some European countries 5@ Hged.

5. The must be proportional to the rate of change ofcilve
rent with time.

UNIT 21
ALTERNATING CURRENT CIRCUITS AND
ELECTROMAGNETIC WAVES

Read the following texts. Study the thesaurus ondi 21, answer
the questions after the texts

Every time we turn on a television set, a steresiesy, or any of a
multitude of other electric appliances, we call a@ternating currents
(AC) to provide the power to operate them. We bexgin study of AC
circuits by examining the characteristics of awircontaining a source
of emf and one other circuit element: a resistaapacitor, or an induc-
tor. Then we examine what happens when these eteraemconnected
in combination with each other. Our discussionistéd to simple se-
ries configurations of the three kinds of elements.

We conclude this Unit with a discussion of electagmetic waves,
which are composed of fluctuating electric and nedigrfields. Electro-
magnetic waves in the form of visible light enabteto view the world
around us; infrared waves warm our environmeniprrdquency waves
carry our television and radio programs, as welhmmation about pro-
cesses in the core of our galaxy. X-rays allowaupdrceive structures
hidden inside our bodies, and study propertiesisiudt, collapsed stars.
Light is key to our understanding of the universe.
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Resistors in an AC circuit

An AC circuit consists of combinations of circulements and an
AC generator or an AC source, which provides therating current.
To explain the concept of alternating current, wgib by discussing the
current-versus-time curve. The current and voliagein step with each
other because they vary identically with time. Bessathe current and
the voltage reach their maximum values at the dame they are said
to be in phase. Notice that the average valueetthrent over one cy-
cle is zero. This is because the current is maiathin one direction
(the positive direction) for the same amount ofetiand at the same
magnitude as it is in the opposite direction (tremative direction).
However, the direction of the current has no effattthe behavior of
the resistor in the circuit: the collisions betwesectrons and the fixed
atoms of the resistor result in an increase inrésistor's temperature
regardless of the direction of the current.

The important quantity in an AC circuit is a spédiad of average
value of current, called the rms current - theaicairrent that dissipates
the same amount of energy in a resistor that sip#ised by the actual
alternating current. To find the rms current, wstfsquare the current,
then find its average value, and finally take thaase root of this aver-
age value. Hence, the rms current is the square abthe average
(mean) of the square of the current. In this U@twge rms values when
discussing alternating currents and voltages. @aean is that AC am-
meters and voltmeters are designed to read rmesakurther, if we
use rms values, many of the equations for altergaturrent will have
the same form as those used in the study of daeent (DC) circuits.

Capacitors in an AC circuit

To understand the effect of a capacitor on the \aehaf a circuit
containing an AC voltage source, we first reviewatvhappens when a
capacitor is placed in a circuit containing a D@rse, such as a battery.
When the switch is closed in a series circuit cininig a battery, a resis-
tor, and a capacitor, the initial charge on thagdglaf the capacitor is
zero. The motion of charge through the circuitlisréfore relatively
free, and there is a large current in the cirddst.more charge accumu-
lates on the capacitor, the voltage across it as@e, opposing the cur-
rent. After some time interval, which depends amtilme constant RC,
the current approaches zero. Consequently, a ¢apatia DC circuit
limits or impedes the current so that it approadege after a brief time.
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At high frequency, there is less time availableharge the capaci-
tor, so less charge and voltage accumulate onaacdor, which trans-
lates into less opposition to the flow of chargeal,aconsequently, a
higher current. The analogy between capacitivetaeae and resistance
means that we can write an equation of the sanme & Ohm's law to
describe AC circuits containing capacitors.

Inductors in an AC circuit

Now consider an AC circuit consisting only of aductor connected
to the terminals of an AC source. The changingesuroutput of the
generator produces a back emf that impedes therauim the circuit.
The effective resistance of the coil in an AC diras measured by a
quantity called the inductive reactance. This csedwecause back emfs
always oppose the change in the current.

The RLC series circuit

We now consider when an inductor, a capacitor, amesistor are
combined. To account for the different phases efubitage drops, we
use a technique involving vectors. We representiiitage across each
element with a rotating vector. It's convenientdifine a parameter
called the impedancg of the circuit. Both the impedance and, there-
fore, the current in an AC circuit depend on theistance, the induct-
ance, the capacitance, and the frequency (bechesedctances are fre-
quency dependent).

Power in an AC circuit

No power losses are associated with pure capacitargure induc-
tors in an AC circuit. A pure capacitor, by definit, has no resistance
or inductance, while a pure inductor has no rest&aor capacitance.
These are idealizations: in a real capacitor, f@ngple, inductive ef-
fects could become important at high frequencies.

The power delivered by an AC source to any cirdepends on the
phase difference between the source voltage andethdting current.
This fact has many interesting applications. Fangxe, factories often
use devices such as large motors in machines,ajererand transform-
ers that have a large inductive load due to allviiralings. To deliver
greater power to such devices without using exeelyshigh voltages,
factory technicians introduce capacitance in theuis to shift the phase.

Resonance in a series RLC circuit

The rms current in a series RLC has its maximuroevathen the im-

pedance has its minimum value. In such a circurostahe impedance of
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the circuit reduces t8 = R. The frequency at which this happens is called
the resonance frequency of the circuit.

The tuning circuit of a radio is an important apation of a series
resonance circuit. The radio is tuned to a padicugtation (which
transmits a specific radio-frequency signal) byyimy a capacitor,
which changes the resonance frequency of the tuiiogit. When this
resonance frequency matches that of the incomidig raave, the cur-
rent in the tuning circuit increases.

The transformer

It's often necessary to change a small AC voltage targer one or
vice versa. Such changes are effected with a deaibed a transformer.
In its simplest form, the AC transformer consistsveo coils of wire
wound around a core of soft iron. The purpose efdbmmon iron core
is to increase the magnetic flux and to provideeaionm in which near-
ly all the flux through one coil passes through dtieer.

Maxwell's predictions

During the early stages of their study and develamtmelectric and
magnetic phenomena were thought to be unrelated8&», however,
James Clerk Maxwell (1831-1879) provided a matheraktheory that
showed a close relationship between all electritraagnetic phenome-
na. In addition to unifying the formerly separatdds of electricity and
magnetism, his brilliant theory predicted that #iecand magnetic
fields can move through space as waves.

From Faraday's law and from Maxwell's own geneatilin of Am-
pere's law, Maxwell calculated the speed of theesawo be equal to the
speed of light. He concluded that visible light artlder electromagnetic
waves consist of fluctuating electric and magndiads traveling
through empty space, with each varying field indgcihe other! This
was truly one of the greatest discoveries of s@eonn a par with New-
ton's discovery of the laws of motion. Like Newtoldws, it had a pro-
found influence on later scientific developments.

In 1887, after Maxwell's death, Heinrich Hertz (I8894) was the
first to generate and detect electromagnetic waves laboratory set-
ting, using LC circuits.
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The spectrum of electromagnetic waves

It is now known that other forms of electromagnetayes exist that are
distinguished by their frequencies and wavelendBnief descriptions of
the wave types followin order of decreasing wavelength. There is ngeshar
division between one kind of electromagnetic waw the next. All forms
of electromagnetic radiation are produced by acatihg charges.

Radio wavesare the result of charges accelerating through wttnd
ing wires. They are, of course, used in radio ahevision communica-
tion systems.

Microwaves (short-wavelength radio waves) are generated &g- el
tronic devices. Their short wavelengths make thesl suited for the
radar systems used in aircraft navigation andHerstudy of atomic and
molecular properties of matter.

Infrared waves produced by hot objects and molecules. They are
readily absorbed by most materials. Infrared ramhabhas many practi-
cal and scientific applications, including physitdarapy, infrared pho-
tography, and the study of the vibrations of atoms.

Visible light, the most familiar form of electromagnetic wawesy be
defined as the part of the spectrum that is detdntehe human eye. Light
is produced by the rearrangement of electronimatnd molecules.

Ultraviolet (UV) light covers wavelengths ranging from about 400
nm down 0.6 nm. The Sun is an important sourceltohuiolet light.
Most of the ultraviolet light from the Sun is absed by atoms in the
upper atmosphere, or stratosphere. This is forgymaicause UV light in
large quantities has harmful effects on humans.

X-rays are electromagnetic waves with wavelengths froouali0
nm down to 10%m. The most common source of x-rays is the aceler
tion of high-energy electrons bombarding a metajet X-rays are
used as a diagnostic tool in medicine and as aniezd for certain
forms of cancer.

Gamma rays — electromagnetic waves emitted by radioactive nu-
clei — have wavelengths ranging from about¥®rto less than 13*m.
They are highly penetrating and cause serious damdign absorbed
by living tissues. Accordingly, those working nesarch radiation must
be protected by garments.

1. Would an inductor and a capacitor used togethaniAC circuit
dissipate any energy?

2.  What is the important quantity in an AC circuit?

3. Describe the role of capacitor in AC circuit.
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4. How a transformer is constructed?

5. What do you know about Maxwell’s predictions?

6. Who was the first to generate and detect electragtagwaves in
a laboratory setting, using LC circuits?

Exercises
3. Rearrange the letters in the anagrams to form egvalents for the

Russian words:

Pesonanc nanceres
Tpancghopmamop formertran:
Obmomku dingswir
Muxpoeonrul wavesmicr
Cepoeunux (ocenesmulit) recc

2. Match the words in A with the words in B to formword combina-

tions:

A B
Rm: spectrur
Inductive wave:
Electromagneti current
Infrared light
Visible capacitol
Pure reactanc

3. Fill in the gaps with the missing words from thdist:
electromagnetic wave, inductive coil, transformers current, an-
tenna

1. The is the square root of the average (mean) of tharsq
of the current.

2. In any real circuit, there is some resistance alire forming
the .

3. It may seem that a is a device in which it is possible to
get something for nothing.

4. An alternating voltage applied to the wires of an __ forces
electric charges in the antenna to oscillate.

5. A detailed analysis would show that the energyiedrby an

is shared equally by the electric and magnetldgie
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PART YV

Light and Optics

UNIT 22
REFLECTION AND REFRACTION OF LIGHT

Read the following texts. Study the thesaurus ondi 22, answer
the questions after the texts

Light has a dual nature. In some experiments & &ké a particle,
while in others it acts like a wave. In this pdrtlee book, we concentrate
on the aspects of light that are best understomiigh the wave model.
First we discuss the reflection of light at the hdary between two media
and the refraction (bending) of light as it travietsm one medium into
another. We use these ideas to study the refraofidight as it passes
through lenses and the reflection of light fromroned surfaces. Finally,
we describe how lenses and mirrors can be usei@woobjects with tele-
scopes and microscopes and how lenses are uskdtogmphy. The abil-
ity to manipulate light has greatly enhanced opiacdy to investigate and
understand the nature of the universe.

The nature of light

Until the beginning of the 19th century, light wasdeled as a stream
of particles emitted by a source that stimulatedstnse of sight on enter-
ing the eye. The chief architect of the particleotty of light was Newton.
With this theory, he provided simple explanatiohsame known experi-
mental facts concerning the nature of light-namilg, laws of reflection
and refraction.

Most scientists accepted Newton's particle thebhglot. During New-
ton's lifetime, however, another theory was progose 1678, the Dutch
physicist and astronomer Christian Huygens (162516howed that a
wave theory of light could also explain the lawseflection and refrac-
tion. The wave theory didn't receive immediate ptamece, for several
reasons. First, all the waves known at the timen@pwater, and so on)
traveled through some sort of medium, but lighbtfrihe Sun could travel
to Earth through empty space. Further, it was afdghat if light were
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some form of wave, it would bend around obstadiesce, we should be
able to see around corners. It is now known tlght Idoes indeed bend
around the edges of objects. This phenomenon, krasndiffraction, is

difficult to observe because light waves have sindit wavelengths. Even
though experimental evidence for the diffractionlight was discovered
by Francesco Grimaldi (1618-1663) around 1660pnfore than a century
most scientists rejected the wave theory and adherdlewton's particle
theory, probably due to Newton's great reputatfoa scientist.

The first clear demonstration of the wave naturbgbit was provided
in 1801 by Thomas Young (1773-1829), who showetluheer appropri-
ate conditions, light exhibits interference behaviight waves emitted by
a single source and traveling along two differeathp can arrive at some
point and combine and cancel each other by deisteuaterference. Such
behavior couldn't be explained at that time by digba model, because
scientists couldn't imagine how two or more pagtiatould come together
and cancel each other. The most important developmehe theory of
light was the work of Maxwell, who predicted in B3@hat light was a
form of high-frequency electromagnetic wave.

Although the classical theory of electricity andgmeatism explained
most known properties of light, some subsequengrxents couldn't be
explained by the assumption that light was a wabe. most striking of
these was the photoelectric effect, discovered bgtz4Hertz found that
clean metal surfaces emit charges when exposduldeiolet light.

In 1905, Einstein published a paper that formulates theory of
light quanta ("particles") and explained the phtaogic effect. He
reached the conclusion that light was composedgiuscles, or dis-
continuous quanta of energy. These corpusclesamtglare now called
photons to emphasize their particle-like naturecakding to Einstein's
theory, the energy of a photon is proportionalhe frequency of the
electromagnetic wave associated with it, Behf, whereh - is Planck’s
constant.

Reflection and refraction

An important property of light that can be undesstdased on com-
mon experience is the following: light travels irstaaight-line path in a
homogeneous medium, until it encounters a bourietween two differ-
ent materials. When light strikes a boundary, diiker reflected from that
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boundary, passes into the material on the other cidhe boundary, or
partially does both.

The preceding observation leads us to use whallisdcthe ray ap-
proximation to represent beams of light. For exanalbeam of sunlight
passing through a darkened room traces out theopatlight ray. We will
also make use of the concept of wave fronts of.li§lwave front is a sur-
face passing through the points of a wave that hiawesame phase and
amplitude. The rays, corresponding to the directibmvave motion, are
straight lines perpendicular to the wave fronts.ewlight rays travel in
parallel paths, the wave fronts are planes perpeladito the rays.

When a light ray traveling in a transparent mediantounters a
boundary leading into a second medium, part ofrttielent ray is reflect-
ed back into the first medium. The reflected ragsparallel to each other.
The reflection of light from such a smooth surfecealled specular reflec-
tion. Reflection from any rough surface is knowrdéfsise reflection.

You may have noticed a common occurrence in phapbgr of indi-
viduals: their eyes appear to be glowing red. Daisurs when a photo-
graphic flash device is used and the flash urgtase to the camera lens.
Light from the flash unit enters the eye and itectéd back along its orig-
inal path from the retina. This type of reflectiback along the original
direction is called retroreflection.

When light passes from one transparent mediumdthan it's refract-
ed because the speed of light is different in W@ media. The index of
refraction,n, of a medium is defined as the rativ, wherec — is speed of
light in vacuum,v — is speed of light in a medium. If we make cdrefu
measurements, however, we find that the index fofiaon in anything
but vacuum depends on the wavelength of light. dégendence of the
index of refraction on wavelength is called disjmers

When light strikes a prism, a ray of light of agéezwavelength emerg-
es bent away from its original direction of tralgl an angle, called the
angle of deviation. Prisms are often used in atrumgent known as a
prism spectrometer. The dispersion of light infgpactrum is demonstrat-
ed most vividly in nature through the formationaofainbow, often seen
by an observer positioned between the Sun and ahaiver.
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Huygens' principle

The laws of reflection and refraction can be dedugsing a geomet-
ric method proposed by Huygens in 1678. Huygensnasd that light
is a form of wave motion rather than a stream dfiglas. He had no
knowledge of the nature of light or of its electamgnetic character. Nev-
ertheless, his simplified wave model is adequataufmlerstanding many
practical aspects of the propagation of light.

In Huygens' construction, all points on a given ev&eont are taken as
point sources for the production of spherical seéapnwaves, called wavelets,
which propagate in the forward direction with sjgeglthracteristic of waves in
that medium. After some time has elapsed, the msitign of the wave front
is the surface tangent to the wavelets.

Total internal reflection

An interesting effect called total internal refieat can occur when
light encounters the boundary between a medium avitigher index of
refraction and one with a lower index of refractidiotal internal reflec-
tion occurs only when light attempts to move frormadium of higher
index of refraction to a medium of lower index efraction.

Interesting application of total internal reflectias the use of solid
glass or transparent plastic rods to "pipe" lightrf one place to another.
Such a light pipe can be quite flexible if thindis are used rather than
thick rods. If a bundle of parallel fibers is us®edconstruct an optical
transmission line, images can be transferred fram point to another.
Very little light intensity is lost in these fibees a result of reflections on
the sides. Any loss of intensity is due essenttallseflections from the two
ends and absorption by the fiber material. Fibéicagvices are particularly
useful for viewing images produced at inaccesdibations. Physicians
often use fiber-optic cables to aid in the diagnesid correction of certain
medical problems without the intrusion of majorgsany.

1. Why does light have a dual nature?

2.  What was the contribution of the Dutch physicist astronomer
Christian Huygens into the theory of light?

3. Describe the first clear demonstration of the waatire of light
provided in 1801 by Thomas Young.

4. What is the energy of a photon according to Eins¢heory?

5.  What is retroreflection?

6. Where the effect of total internal reflection id8
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Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Ompaoicenue lectionref
Ipenomnenue fractionre
Jugparyus fractiondif
Humeppepenyus ferenceinter
Ilucnepcus persiondis

2. Match the words in A with the words in B to formword combina-
tions:

A B
Particle-like reflection
Specular refraction
Wave nature
Index of pipe
Light devices
Fiber-optic front

3. Fill in the gaps with the missing words from thdist:
reflection, dual nature, refraction, index of reftion, angle of incidence

1. Light must be regarded as having a__: in some experiments
light acts as a wave and in others it acts asticlear
2. In , part of the light encountering the second medium

bounces off that medium.
3. In , the light passing into the second medium bends

through an angle with respect to the normal tobibvendary.
4. Experiments show that the angle of reflection egutle

5. The is inversely proportional to the wave speed.
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UNIT 23
MIRRORS AND LENSES

Read the following texts. Study the thesaurus ondi 23, answer
the questions after the texts

The development of the technology of mirrors amdés led to a revo-
lution in the progress of science. These deviaatively simple to con-
struct from cheap materials, led to microscopes taledcopes, extending
human sight and opening up new pathways to know|didgm microbes to
distant planets.

This Unit covers the formation of images when plané spherical light
waves fall on plane and spherical surfaces. Imegede formed by reflec-
tion from mirrors or by refraction through lensés.our study of mirrors
and lenses, we continue to assume that light saaestraight lines (the
ray approximation), ignoring diffraction.

Flat mirrors

Consider the flat mirror. Light rays leave the smsuand are reflected
from the mirror. Regardless of the system undelysimages are formed at
the point where rays of light actually intersectvanere they appear to
originate. Images are classified as real or virtimathe formation of a real
image, light actually passes through the imagetpbior a virtual image,
the light doesn't pass through the image point,amgiears to come (di-
verge) from there. In fact, the images seen imfiiators are always virtual
(for real objects). Real images can be displayea streen (as at a movie),
but virtual images cannot.

Finally, note that a flat mirror produces an imé&geing an apparent
left-right reversal. You can see this reversal ditagnin front of a mirror
and raising your right hand. Your image in the wirraises his left
hand. Likewise, your hair appears to be partecheropposite side, and
a mole on your right cheek appears to be on yoagé's left cheek..

Images formed by spherical mirrors

A spherical mirror, as its name implies, has thepshof a segment of
a sphere. A spherical mirror with a silvered inrmmcave surface, is
called a concave mirror. After reflecting from timérror, rays converge
to meet at point, called the image point. The tags continue and di-
verge from this point as if there were an objeetéhAs a result, a real
image is formed. Whenever reflected light actuplgses through a point,
the image formed there is real.
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Mirrors and Lenses

Flat mir- Object distance
rors Image of the Image dis-
object tance
Real image Virtual image| Magnifica-
tion
Enlargement
Lateral mag-
nification
Left-right
reversal
Spherical | Concave mir- | Principal Image point
mirrors ror axis
Mirror equa- | Halfway
tion
Focal point Focal length
Convex mirror | Front side
Back side
Ray diagrams
Atmospheric Mirage
refraction
Thin lens | Converging
lenses Positive lens
Diverging
lenses Negative lens
Thin-lens equa-
tion
Imperfect | Spherical aber-
images ration

Chromatic ab-
erration
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We often assume that all rays that diverge fromotbhject make small
angles with the principal axis. Rays that make rgdaangle with the
principal axis converge to other points on the pipal axis, produc-
ing a blurred image. This effect, called spheri@bérration, is pre-
sent to some extent with any spherical mirror.

A convex mirror is silvered so that light is refied from the outer,
convex surface. This is sometimes called a divegrginror because the
rays from any point on the object diverge afteleetfon, as though
they were coming from some point behind the mirror.

We won't derive any equations for convex sphemgifors. If we
did, we would find that the equations developed doncave mir-
rors can be used with convex mirrors if particdign conventions are
used. We call the region in which light rays moke front side of the
mirror, and the other side, where virtual imagesfarmed, the back side.

We can conveniently determine the positions andssiaf images
formed by mirrors by constructing ray diagrams.sTkind of graphical
construction tells us the overall nature of thegmand can be used to
check parameters calculated from the mirror andnifiagtion equa-
tions. Making a ray diagram requires knowing thsifion of the object
and the location of the center of curvature.

Thin lens

A typical thin lens consists of a piece of glasglastic, ground so that
each of its two refracting surfaces is a segmergitbier a sphere or a
plane. Lenses are commonly used to form imagesgfbgation in optical
instruments, such as cameras, telescopes, andsoop®s. The equation
that relates object and image distances for aieumstually identical to
the mirror equation, and the method used to dérisealso similar.

The distance from the focal point to the lens ildecathe focal
length. The focal length is the image distance ¢bhatesponds to an infi-
nite object distance. Recall that we are considgetire lens to be very
thin. As a result, it makes no difference whether take the focal
length to be the distance from the focal point® surface of the lens
or the distance from the focal point to the cemtiethe lens, because
the difference between these two lengths is ndaj&giA thin lens has
two focal points, one on each side of the lens. Onalfpoint corre-
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sponds to parallel rays traveling from the left ahé other corre-
sponds to parallel rays traveling from the right.

Note that a converging lens has a positive focajtte under this con-
vention and a diverging lens has a negative farajth. Hence the names
positive and negative are often given to theseekens

Lens and mirror aberrations

One of the basic problems of systems containingonsiand lenses is
the imperfect quality of the images, which is ldyghe result of defects
in shape and form. The simple theory of mirrors Eem$es assumes that
rays make small angles with the principal axis #rad all rays reaching
the lens or mirror from a point source are focused single point, pro-
ducing a sharp image. This is not always true enrgral world. Where
the approximations used in this theory do not hiofgherfect images are
formed.

The departures of real (imperfect) images fromdbal predicted by the
simple theory are called aberrations. Two commgegyof aberrations are
spherical aberration and chromatic aberration. Sgieaberration results
from the fact that the focal points of light rayasping far from the princi-
pal axis of a spherical lens (or mirror) are diier from the focal points
of rays with the same wavelength passing nearntise @hromatic aberra-
tion for a diverging lens is opposite that for aeerging lens. Chromatic
aberration can be greatly reduced by a combinaifooonverging and
diverging lenses.

1. What devices do mirrors use?

2. Explain how does a flat mirror produce an image?

3. What kinds of spherical mirrors do you know?

4. What equations developed for concave mirrors candaes for
convex ones?

5. In what devices thin lenses are used?

6. Why one of the basic problems of systems containiingprs and
lenses is the imperfect quality of the images?

7. What are the two common types of aberrations?
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Exercises

1. Rearrange the letters in the anagrams to form egvalents for the

Russian words:

3eprana rorsmir
Jlunsol seslen
Ycunenue ficationmagni
Veenuuenue largementen
Dokyc Calfo ntipo

2. Match the words in A with the words in B to formword combina-

tions:
A B

Real reversal
Concave lenses
Convex image
Chromatic mirror
Diverging aberration
Left-right mirror

3. Fill in the gaps with the missing words from thdist:
ray diagrams, magnification, thin-lens equationage, focal point

1. The formed by an object placed in front of a flat miris as
far behind the mirror as the object is in frontraf mirror.
2. Note that the word ,as used in optics, doesn't always mean

enlargementyecause the image could be smaller than the object.

3. The is notthe point at which light rays focus to form an im-
age, the focal point of a mirror is determined Igaby its curvature - it
doesn't depend on the location of any object.

4. The equation, called the __, can be used with both converging
and diverging lenses if we adhere to a set of gigventions.

5. are essential for understanding the overall imbge
mation by a thin lens or a system of lenses.
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UNIT 24
WAVE OPTICS

Read the following texts. Study the thesaurus ondi 24, answer
the questions after the texts

Colors swirl on a soap bubble as it drifts throtigh air on a summer
day, and vivid rainbows reflect from the filth af fims in the puddles of a
dirty city street. Beachgoers, covered with thipeta of oil, wear their
coated sunglasses that absorb half the incomihgy liglaboratories, scien-
tists determine the precise composition of matetgl analyzing the light
they give off when hot, and in observatories arotimedworld, telescopes
gather light from distant galaxies, filtering ondividual wavelengths in
bands and thereby determining the speed of expaobtbe universe.

Understanding how these rainbows are made and adaircscientific
instruments can determine wavelengths is the doofairave optics. Light
can be viewed as either a particle or a wave. Georoptics, the subject of
the previous Unit, depends on the particle nat@itglat. \Wave optics de-
pends on the wave nature of light. The three pyirtapics we examine in
this Unit are interference, diffraction, and pdation. These phenomena
can't be adequately explained with ray opticschntbe understood if light
is viewed as a wave.

Conditions for interference

In our discussion of interference of mechanical @gwn Unit 13, we
found that two waves could add together either tcocisvely or destruc-
tively. In constructive interference, the amplituafethe resultant wave is
greater than that of either of the individual wawebereas in destructive
interference, the resultant amplitude is less tham of either individual
wave. Light waves also interfere with each othendamentally, all inter-
ference associated with light waves arises wherldxgtromagnetic fields
that constitute the individual waves combine.

Two sources (producing two traveling waves) areleddo create in-
terference. To produce a stable interference pattiee individual waves
must maintain a constant phase with one anotheerWWhis situation
prevails, the sources are said to be coherentsdined waves emitted by
two side-by-side loudspeakers driven by a singleldier can produce
interference because the two speakers responcetantiplifier in the
same way at the same time - they are in phase.
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If two light sources are placed side by side, haxero interference
effects are observed, because the light waves fnoensource are emit-
ted independently of the waves from the other sgunence, the emis-
sions from the two sources don't maintain a cohgthase relationship
with each other during the time of observation. Témult is that no inter-
ference effects are observed, because the eydabonit such short-term
changes. Ordinary light sources are said to béngremt.

Currently it's much more common to use a laser esharent source
to demonstrate interference. A laser produces tense, coherent, mon-
ochromatic beam over a width of several millimet&tis means that the
laser may be used to illuminate multiple slits digeand that interference
effects can be easily observed in a fully lightsahn.

Thomas Young first demonstrated interference ihtligaves from
two sources in 1801. Light is incident on a screentaining a narrow
slit. The light waves emerging from this slit agiat a second screen
that contains two narrow, parallel slits. Thes¢ssdierve as a pair of
coherent light sources because waves emerging fhemm originate
from the same wave front and therefore are alwayshase. The light
from the two slits produces a visible pattern oresn consisting of a
series of bright and dark parallel bands callethis.

Another simple, yet ingenious, arrangement for pcoty an interfer-
ence pattern with a single light source is knowhlagd's mirror.

Interference in thin films

Interference effects are commonly observed in filims, such
as the thin surface of a soap bubble or thin layéreil on water.
The varied colors observed when incoherent whigatlis incident
on such films result from the interference of waveected from
the two surfaces of the film.

Another method for observing interference in liglgves is to place
a planoconvex lens on top of a flat glass surfédi¢h this arrangement,
the air film between the glass surfaces variehitkbess from zero at the
point of contact to some valu€he circular fringes, discovered by New-
ton, are called Newton's rings

Compact disks (CD's) and digital video disks (D\J[Dave revolution-
ized the computer and entertainment industriesrbyiging fast access;
high-density storage of text, graphics, and mo\aes; high-quality sound
recordings. The data on these disks are storethliljghs a series of zeros
and ones, and these zeros and ones are read bjidaseeflected from
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the disk. Strong reflections (constructive intexfere) from the disk are
chosen to represent zeros and weak reflectionsrgdése interference)

represent ones.

Coherent Constant Interference
urce phase pattern
Resultant am- Destructive
plitude interference
Constructive
interference
Laser [lluminate mul-
tiple slits
Monochromatic beam
Incoherent
2 sources
L Young's dou-| Fringes Lloyd's mirror
o ble-slit ex-
Q periment
g Thin films Newton's Plano-convex
bl rings lens
g Compact Digital video
= disks (CD's) | disks (DVD's)
Diffrac- Fraunhofer | Path Diffraction
tion diffraction grating
Transverse | Unpolarized | Superposition
nature wave of waves
Linearly polarized
Selective ab-| Polaroid Polarizer
sorption Analyzer
Malus's law
8 S Polarization | Polarizing Brewster's law
g. IS by Reflection| angle
o | = Scattering Reradiation
g | S Optical activ-| Liquid crys- | LCD’s(liquid
= |a ity tals crystal displays

Fig. 24.Thesaurus for Unit 24
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Diffraction

Suppose a light beam is incident on two slitsnagdung's double-slit
experiment. If the light truly traveled in straigime paths after passing
through the slits, the waves wouldn't overlap aodnterference pattern
would be seen. Instead, Huygens's principle requibat the waves
spread out from the slits. In other words, thetlignds from a straight-
line path and enters the region that would otheris shadowed. This
spreading out of light from its initial line of wral is called diffraction.

One type of diffraction, called Fraunhofer diffiact occurs when the
rays leave the diffracting object in parallel difens. Fraunhofer diffrac-
tion can be achieved experimentally either by placihe observing
screen far from the slit or by using a convergiegsl to focus the paral-
lel rays on a nearby screen.

The diffraction grating, a useful device for anafgglight sources,
consists of a large number of equally spaced paralits. A grating
can be made by scratching parallel lines on a gite with a preci-
sion machining technique. The clear panes betweesiches act like
slits. A typical grating contains several thousénds per centimeter.

Polarization of light waves

In Unit 21, we described the transverse natureledtemagnetic
waves. The phenomenon of polarization, describethigiUnit, is firm
evidence of the transverse nature of electromagmetves. An ordinary
beam of light consists of a large number of elestignetic waves emit-
ted by the atoms or molecules of the light souft® vibrating charges
associated with the atoms act as tiny antennab. &am produces a wave
with its own orientation, corresponding to the diren of atomic vibra-
tion. However, because all directions of vibratéoe possible, the result-
ant electromagnetic wave is a superposition of wgreduced by the
individual atomic sources. The result is an ungzéal light wave.

It's possible to obtain a linearly polarized beaonf an unpolarized
beam by removing all waves from the beam excepethwith electric
field vectors that oscillate in a single plane. Tinest common technique
for polarizing light is to use a material that sarits waves having elec-
tric field vectors that vibrate in a plane paratkela certain direction and
absorbs those waves with electric field vectorsatibg in directions per-
pendicular to that direction.

In 1932, E. H. Land discovered a material, whictchled Polaroid,
that polarizes light through selective absorptignobented molecules.
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This material is fabricated in thin sheets of lamgin hydrocarbons,
which are stretched during manufacture so thabtblecules align.

Polarizing material reduces the intensity of lighssing through it. An
unpolarized light beam is incident on the firstgpiding sheet, called the
polarizer. The light that passes through this siseblarized vertically. A
second polarizing sheet, called the analyzer,defs this beam with its
transmission axis at an angle to the axis of tHarijger. The expression,
known as Malus's law, applies to any two polarizingterials having
transmission axes at an angle to each other.

When an unpolarized light beam is reflected frosuidiace, the reflect-
ed light is completely polarized, partially pola&d; or unpolarized, de-
pending on the angle of incidence. For angles@flénce between 0° and
90°, however, the reflected light is polarized eong extent. For one par-
ticular angle, called the polarizing angle, of derice the reflected beam is
completely polarized. An expression relating thiapzing angle with the
index of refraction of the reflecting surface iledBrewster's law.

When light is incident on a system of particleghsas a gas, the elec-
trons in the medium can absorb and reradiate pémedight. The absorp-
tion and reradiation of light by the medium, calieattering, is what caus-
es sunlight reaching an observer on Earth fronigstraverhead to be po-
larized. You can observe this effect by lookingedily up through a pair
of sunglasses made of polarizing glass.

Optical Activity

Many important practical applications of polariigght involve the use
of certain materials that display the property pfi@al activity. A sub-
stance is said to be optically active if it rotates plane of polarization of
transmitted light. Optical activity occurs in a el because of an
asymmetry in the shape of its constituent molecltes example, some
proteins are optically active because of theiradgihapes. Other materials,
such as glass and plastic, become optically aatiken placed under
stress.

An effect similar to rotation of the plane of paation is used to cre-
ate the familiar displays on pocket calculatorsistmatches, notebook
computers, and so forth. The properties of a unimlstance called a lig-
uid crystal make these displays (called LCD's litprid crystal displays)
possible. As its name implies, a liquid crystal substance with properties
intermediate between those of a crystalline saidithose of a liquid; that
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is, the molecules of the substance are more ortiely those in a liquid,
but less orderly than those in a pure crystalloigl s

1. How it's necessary to consider light to explain pfrenomena of
interference, diffraction and polarization?

2.  What do we need to create destructive interference?

3.  What is used as coherent source?

4. How do zeroes and ones are presented on CD's abRV

5.  What do we call Fraunhofer diffraction?

6. How it's possible to obtain a linearly polarizezhin?

Exercises

1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

Humeppepenyuonnas nonoca gefrin
Tpaexmopust thpa
Honspuzayus zationpolari
Hcemounux resuoc
Pacceusanue teringscat

2. Match the words in A with the words in B to formword combina-
tions:

A B
Destructive lens
Thin grating
Plano-convex wave
Diffraction films
Selective interference
Unpolarized absorption

3. Fill in the gaps with the missing words from thdist:
diffraction, path difference, coherent sources,alapzed, interfer-
ence effects
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1. Any random change in the light emitted by the sewrd! occur
in the two separate beams at the same time, and can be observed.

2. . If the is either zero or some integral multiple of the
wavelength, the two waves are in phase and corsteunterference
results.

3. The positions of the dark and bright fringes axversed relative to
the pattern obtained from two real .

4. In general, occurs when waves pass through small open-
ings, around obstacles, or by sharp edges.

5. If the angle of incidence is either 0° or 90° (amal or grazing
angle), the reflected beamis .

UNIT 25
OPTICAL INSTRUMENTS

Read the following texts. Study the thesaurus ondi 25, answer
the questions after the texts

We use devices made from lenses, mirrors, or ofbtezal components
every time we put on a pair of eyeglasses or cobigases, take a photo-
graph, look at the sky through a telescope, anohsdn this Unit we ex-
amine how these and other optical instruments weaskthe most part, our
analyses will involve the laws of reflection andraietion and the proce-
dures of geometric optics. To explain certain phezma, however, we
must use the wave nature of light.

The camera

The single-lens photographic camera is a simpleaghstrument. It
consists of an opaque box, a converging lens tloaluges a real image,
and a film behind the lens to receive the imageubing is accomplished
by varying the distance between lens and film hait adjustable bellows
in antique cameras and with some other mechani@gements in con-
temporary models. For proper focusing, which lgadsharp images, the
lens-to-film distance depends on the object distasme well as on the
focal length of the lens. The shutter, located helthe lens, is a me-
chanical device that is opened for selected tinbervials. With this ar-
rangement, moving objects can be photographediby skort exposure
times, dark scenes (with low light levels) by usioigg exposure times. If
this adjustment were not available, it would be asgible to take stop-
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action photographs. A rapidly moving vehicle, faample, could move
far enough while the shutter was open to produbkiged image. An-
other major cause of blurred images is movemetiietameravhile the

shutter is open. To prevent such movement, youldhuoaunt the cam-
era on a tripod or use short exposure times.

Most cameras also have an aperture of adjustabieeter to further
control the intensity of the light reaching thexfilWhen an aperture of
small diameter is used, only light from the cenpattion of the lens
reaches the film, so spherical aberration is redLi€he brightness of the
image formed on the film depends on the light igitgnso we see that it
ultimately depends on both the focal length andneier of the lens. The
ratio the focal length and diametsrcalled the focal ratio of a lens.

The eye

Like a camera, a normal eye focuses light and mesla sharp image.
However, the mechanisms by which the eye conthr@satmount of light
admitted and adjusts to produce correctly focuseabes are far more
complex, intricate, and effective than those imety® most sophisticated
camera. In all respects, the eye is a physiologicalder. The eye focuses
on an object by varying the shape of the pliabjstetline lens through
an amazing process called accommodation.

When the eye suffers a mismatch between the fagysawer of the
lens-cornea system and the length of the eye sdighérays reach the
retina before they converge to form an image, thadition is known as
farsightedness (or hyperopia). A farsighted pecsonusually see faraway
objects clearly but not nearby objects. The coowlitan be corrected by
placing a converging lens in front of the eye.

Nearsightedness (or myopia) is another mismatcHitom in which a
person is able to focus on nearby objects, bufavatvay objects. Near-
sightedness can be corrected with a diverging [€he.lens refracts the
rays away from the principal axis before they etitereye, allowing them
to focus on the retina.

In the eye defect known as astigmatism, light feopoint source pro-
duces a line image on the retina. This conditiegearwhen either the cor-
nea or the lens (or both) are not perfectly symmefistigmatism can be
corrected with lenses having different curvaturesnio mutually perpen-
dicular directions.

Optometrists and ophthalmologists usually presdéimses measured
in diopters.
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Optical I nstruments

Camera Single-lens phor Converging| Adjustable
tographic cam- | lens bellows
era

Tripod
Focusing Sharp im- | Exposure
ages time
Shutter
Blurred Adjustment
images
Aperture Spherical
aberration
Brightness
Focal ratio

Eye Physiological | Cornea
wonder Retina
Accommoda- | Farsight- Lens-cornea
tion edness

Nearsight- | Diverging
edness lens
Astigma-

tism

Eyeglasses| Diopter(dpt)

Simple Angular magni-| Angle sub-

magnifier | fication tended

Compound| Objective

microscope| Ocular lens Eyepiece

Telescope | Refracting tele-| Curved
scope mirror
Reflecting tele-
scope

Michelson

interfero-

meter

Fig. 25.Thesaurus for Unit 25
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The simple magnifier

The simple magnifier is one of the most basic bbjgiical instruments
because it consists only of a single converging.lé&s the name implies,
this device is used to increase the apparent $iae object. Clearly, the
size of the image formed at the retina depend$ierahgle subtended by
the object at the eye. As the object moves clase¢hd eye, anglé-
creases and a larger image is observed. The |evgsalhe object to be
viewed closer to the eye than is possible withoeitiéns.

The compound microscope

Greater magnification can be achieved by combimivglenses in a
device called a compound microscope. The instruraensists of two
lenses: an objective with a very short focal lengthi cm), and an ocu-
lar lens, or eyepiece, with a focal length of a feamtimeters. The basic
approach used to analyze the image formation ptiepesf a microscope
is that of two lenses in a row: the image formedhwmyfirst becomes the
object for the second.

The microscope has extended our vision into theiguely unknown
realm of incredibly small objects, and the cap#bsiof this instrument
have increased steadily with improved techniqugsegision grinding of
lenses. A natural question is whether there isliamt/to how powerful a
microscope could be. For example, could a micrast@pmade powerful
enough to allow us to see an atom? The answeid@uiestion is no, as
long as visible light is used to illuminate the exij In order to be seen,
the object under a microscope must be at leastrgs hs a wavelength of
light. An atom is many times smaller than the wength of visible light,
So its mysteries must be probed via other techsique

The telescope

There are two fundamentally different types ofdetgpe, both designed
to help us view distant objects such as the planetir Solar System.
These two types are (1) the refracting telescop&hauses a combination
of lenses to form an image, and (2) the reflectigdgscope, which uses a
curved mirror and a lens to form an image. Oncénagee will be able to
analyze the telescope by considering it to be tesysf two optical ele-
ments in a row. As before, the basic techniquevial is that the image
formed by the first element becomes the objedhi®second.

The largest optical telescopes in the world aretiee 10-m-diameter
Keck reflectors on Mauna Kea in Hawaii. The largasgle-mirrored re-
flecting telescope in the United States is the 8mameter instrument on
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Mount Palomar in California. In contrast, the latgefracting telescope in
the world, at the Yerkes Observatory in Williams/Ba/isconsin, has a di-
ameter of only 1 m.
The Michelson interferometer

The Michelson interferometer is an optical instraimbaving great
scientific importance. Invented by the American gibigt A. A. Michel-
son (1852-1931), it is an ingenious device thaitspl light beam into
two parts and then recombines them to form an fietence pattern.
The interferometer is used to make accurate lemgisurements.

1. What are the components of the single-lens phgbtbgzacam-
era?

2. How can we prevent blurred images?

3. How the varying of the shape of the pliable crystalof eye is
called?

4. Where do we use the simple magnifier?

5. Describe how a compound microscope works.

6. Why does the Michelson interferometer have greenstic im-
portance?

Exercises
1. Rearrange the letters in the anagrams to form egvalents for the
Russian words:

3ameop tershut
Jluagpaema tureaper
Abeppayus rationaber
Apxocmo nessbright
Jluonmpuu tersdiop

2. Match the words in A with the words in B to formword combina-
tions:

A B
Sharp magnifier
Exposure lens
Simple images
Angular subtended
Angle time
Ocular magnification
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3. Fill in the gaps with the missing words from thdist:
refracting telescope, retina, cameras, optical wsoope, simple mag-
nifier

1. Simple usually have a fixed focal length and fixed aper-
ture size.

2. The cornea-lens system focuses light onto the laclace of
the eye - the - which consists of millions of sensitive receptor

3. A provides only limited assistance with inspectidrihe
minute details of an object.

4. The ability of an to view an object depends on the size of
the object relative to the wavelength of the ligb¢d to observe it.

5. Inthe , two lenses are arranged so that the objectivasfar
real, inverted image of the distant object veryrriea focal point of the
eyepiece.
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PART VI

Modern Physics

UNIT 26
RELATIVITY

Read the following texts. Study the thesaurus ondi 26, answer
the questions after the texts

Most of our everyday experiences and observatiene o do with
objects that move at speeds much less than thd spdight. Newtonian
mechanics was formulated to describe the motiguoh objects, and its
formalism is quite successful in describing a widege of phenomena
that occur at low speeds. It fails, however, whepliad to particles
having speeds approaching that of light.

This Unit introduces Einstein's theory of speagdtivity and includes a
section on general relativity. The concepts of Epeelativity often vio-
late our common sense. Moving clocks run slow, tedlength of a
moving meter stick is contracted. Nonethelessthbery has been rigor-
ously tested, correctly predicting the results gpeziments involving
speeds near the speed of light. The theory isiedrdaily in particle ac-
celerators around the world.

Experiments show that the speed of the electrenwedl as the speed
of any other particle that has mass - always resraiss than the speed of
light, regardless of the size of the acceleratwitpge. The existence of a
universal speed limit has far-reaching consequeriteseans that the
usual concepts of force, momentum, and energy ngeloapply for
rapidly moving objects. Less obvious consequenoehide the fact
that observers moving at different speeds will measlifferent time in-
tervals and displacements between the same twdseWwewtonian me-
chanics was contradicted by experimental obsenstiso it was neces-
sary to replace it with another theory.

In 1905, at the age of 26, Einstein published pecil theory of rela-
tivity. Regarding the theory, Einstein wrote: Thedativity theory arose
from necessity, from serious and deep contradistianthe old theory
from which there seemed no escape. The strengtheohew theory
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lies in the consistency and simplicity with whi¢tsolves all these diffi-
culties, using only a few very convincing assumio
The principle of Galilean relativity

In order to describe a physical event, it's necgdsachoose a frame of
referenceFor example, when you perform an experiment irbartory,
you select a coordinate system, or frame of reteretnat is at rest with
respect to the laboratory. However, suppose amaisi a passing car
moving at a constant velocity with respect to #iewere to observe your
experiment. Would the observations made by the mgogbserver differ
dramatically from yours? That is, if you found New' first law to be
valid in your frame of reference, would the movislgserver agree with
you? According to the principle of Galilean rel#yy the laws of me-
chanics must be the same in all inertial frame®gfeirence.

Speed of light

It's natural to ask whether the concept of Galilkegetivity in mechanics
also applies to experiments in electricity, magmatioptics, and other
areas. Experiments indicate the answer is no. ¥anple, if we assume
that the laws of electricity and magnetism are shene in all inertial
frames, a paradox concerning the speed of lightediately arises. In
order to resolve this paradox, we must concludedhaer (1) the addi-
tion law for velocities is incorrect or (2) the lawf electricity and mag-
netism are not the same in all inertial frames.

In the 19th century, physicists thought that etsuignetic waves also
required a medium in order to propagate. They pegahat such a
medium existed and gave it the name luminiferobsrefThe ether was
assumed to be present everywhere, even in empte,spad light waves
were viewed as ether oscillations.

The second hypothesis is false - and we now betleaethe laws of
electricity and magnetism are the same in allisdrames.

The Michelson-Morley experiment

The most famous experiment designed to detect sthalhges in
the speed of light was first performed in 1881 Hipe#t A. Michelson
(1852-1931) and later repeated under various cimmditoy Michelson
and Edward W. Morley (1838-1923). We state at thtset that the
outcome of the experiment contradicted the ethg@othesis. The ex-
periment was designed to determine the velocitizath relative to the
hypothetical ether. The experimental tool used thasMichelson inter-
ferometer. The Michelson-Morley experiment was adpe at different
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times of the year when the ether wind was expectedhange direction,
but the results were always the same: no fringé shthe magnitude re-
quired was ever observed.

Special | Common | Assumptions
relativity | sense
Addition Ether hypothesis | Luminiferous
laws ether
Principle of | Frame of refer- Inertial frames
Galilean ence
relativity
Einstein's | Speed of light
principle of | Relativistic me-
relativity chanics
Consequences of| Absolute length
Special relativity | Absolute time
Simultaneity and
the Relativity of
Time
Time dilation
Proper time
Twin paradox
Length contrac-
tion
Equiva- Relativistic momentum
lence of Relativistic ener- | Rest energy
mass and | gy Total energy
energy Low-yield pro-
cess
2 Pair production | Positron
= Pair annihilation | Antiparticle
% General | Theory of | Extreme states of | Black hole
X | relativity | gravitation | matter

Fig. 26.Thesaurus for Unit 26
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In later years, when more was known about the padfidight, the
idea of an ether that permeates all of space Wegated to the theoreti-
cal graveyard. Light is now understood to be awctrelmagnetic wave,
which requires no medium for its propagation. Assalt, the idea of an ether
in which these waves could travel became unnegessar

Einstein's principle of relativity

In 1905 Albert Einstein proposed a theory that Ikesb this contra-
diction but at the same time completely alteredramirons of space and
time. He based his special theory of relativitytwo postulates. The first
postulate asserts that tile laws of physics are the same in all reference
frames moving with constant velocity relative tekeather. This postu-
late is a sweeping generalization of the principieGalilean relativity,
which refers only to the laws of mechanics. Fronegoerimental point of
view, Einstein's principle of relativity means tlaaiykind of experiment -
mechanical, thermal, optical, or electrical - parfed in a laboratory at
rest, must give the same result when performedabaratory moving at
a constant speed past the first one. The postlasserts that the speed
of light in a vacuum has the same value in alltinkreference frames,
regardless of the velocity of the observer or talmeity of the source
emitting the light.

If we accept Einstein's theory of relativity, we shaonclude that uni-
form relative motion is unimportant when measuring speed of light.
At the same time, we have to adjust our commonseasgens of space
and time and be prepared for some rather bizameecuences. In rela-
tivistic mechanics, there is no such thing as abséngth or absolute time.
Further, events at different locations that areetesl to occur simultaneous-
ly in one frame are not observed to be simultan#oasother frame moving
uniformly past the first. The principle of relatiyistates that there is no pre-
ferred inertial frame of reference.

Properly describing the motion of particles withive framework of
special relativity requires generalizing Newtomte/$ of motion and the
definitions of momentum and energy. These genedldefinitions re-
duce to the classical (nonrelativistic) definitiamisen velocity ¥) is much
less than speed of light)( The relativistic equation for momentum re-
duces to the classical expression whensmall compared with

The definition of momentum required generalizatimn make it
compatible with the principle of relativity. Likegg, the definition of
kinetic energy requires modification in relativisthechanics. Einstein
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found the correct expression for the kinetic enevfjan object shows
the amazing result that a stationary particle wéio kinetic energy has an
energy proportional to its mass.

Pair production and annihilation

In general, converting mass into energy is a logleiprocess. Burn-
ing wood or coal, or even the fission or fusiongasses convert only a
very small percentage of the available energy. Xgeption is the reac-
tion of matter with antimatter. A common processvirich a photon cre-
ates matter is called pair production. In this pes; an electron and a
positron are simultaneously produced, while thetghalisappears. In
order for pair production to occur, energy, momantand charge
must all be conserved during the process. It's gsipte for a photon to
produce a single electron because the photon haxhkarge and charge
would not be conserved in the process. Pair aatiinl is a process in
which an electron-positron pair produces two phgibre inverse of pair
production. Momentum can be conserved only if tliotpns moving in
opposite directions, both with the same energy rmagnitude of mo-
mentum, are produced.

General relativity

Special relativity relates observations of inertidservers. Einstein
sought a more general theory that would addresdesating systems. His
search was motivated in part by the following cusidact: mass deter-
mines the inertia of an object and also the strenftthe gravitational
field. Einstein's remarkable theory of gravitatierknown as general rela-
tivity, in 1916.

One interesting effect predicted by general ratgtig that time scales
are altered by gravity. A clock in the presencgrafity runs more slowly
than one in which gravity is negligible. As a cangence, light emitted from
atoms in a strong gravity field, such as the Sus'sbserved to have a
lower frequency than the same light emitted by at@mthe laboratory.
This gravitational shift has been detected in spklimes emitted by atoms
in massive stars. It has also been verified onhHaytcomparing the fre-
quencies of gamma rays emitted from nuclei seghragdically by about
20 m.

General relativity also predicts extreme statesnafter created by
gravitational collapse. If the concentration of mhecomes very great, as
is believed to occur when a large star exhaustsuitsear fuel and col-
lapses to a very small volume, a black hokey form. Here the curvature
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of space-time is so extreme that all matter artd ligthin a certain radius
becomes trapped. There is strong evidence fortis¢eace of a black
hole having a mass of millions of Suns at the cesfteur galaxy.

1. What's the reason of special theory of relativity?
2. What is necessary to do to describe a physicalteven

3. What laws of mechanics must be according to theciple of
Galilean relativity?

4. Describe the Michelson-Morley experiment.

5. Atwhat speeds Newton’s laws are right?

6. What is pair annihilation?

7. What does general theory of relativity predict?

Exercises

1. Rearrange the letters in the anagrams to form agvalents for the
Russian words:

OmuocumenvHocmy lativityre
IIpeononosicenus sumptionsas
Oonospementocmo taneitysimul
Hosumpon tronposi
Aumuuacmuya particleanti

2. Match the words in A with the words in B to formword combina-
tions:

A B
Relativistic relativity
Luminiferous production
Rest momentum
Pair frames
General ether
Inertial energy

3. Fill in the gaps with the missing words from thdist:
positron, inertial frames, Special relativity, gnmterval, ether hy-
pothesis
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1. is all about relating two such measurements -thisdra-
ther innocuous relating of measurements leadsne s the most bizarre
consequences in physics.

2. of reference are those reference frames in whashtdh's
laws are valid.

3. The negative results of the Michelson-Morley exmert not
only contradicted the , but also showed that it was impossible to
measure the absolute velocity of Earth with resgettte ether frame.

4. In relativistic mechanics, the distance between paimits and the

between two events depend on the frame of referemeehich
they are measured.

5. The is often called the antipartictd the electron.

UNIT 27
QUANTUM PHYSICS

Read the following texts. Study the thesaurus ondi 27, answer
the questions after the texts

Although many problems were resolved by the thedrelativity in
the early part of the 20th century, many other i@ remained un-
solved. Attempts to explain the behavior of mattethe atomic level with
the laws of classical physics were consistenthucressful. Various phe-
nomena, such as the electromagnetic radiationeshiily a heated object
(blackbody radiation), the emission of electronsllioyninated metals (the
photoelectric effect), and the emission of shagesgl lines by gas atoms
in an electric discharge tube, couldn't be undedstaithin the framework
of classical physics. Between 1900 and 1930, howawaodern version of
mechanics called quantum mechanics or wave meshaag highly suc-
cessful in explaining the behavior of atoms, mdieguand nuclei.

The earliest ideas of quantum theory were introdumePlanck, and
most of the subsequent mathematical developmenespretations, and
improvements were made by a number of distinguigihgdgicists, includ-
ing Einstein, Bohr, Schrodinger, de Broglie, Helsg, | Born, and Dirac.
In this Unit we introduce the underlying ideas ahgtum theory and the
wave-particle nature of matter, and discuss somelsi applications of
quantum theory, including the photoelectric effélsg Compton effect,
and x-rays.
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Blackbody radiation and Planck's hypothesis

An object at any temperature emits electromagmati@tion, called
thermal radiation. The spectrum of the radiatiopedals on the tem-
perature and properties of the object. At low terapges, the wave-
lengths of the thermal radiation are mainly in thi#ared region and
hence not observable by the eye. As the temperatane object increas-
es, the object eventually begins to glow red. Aicgantly high tempera-
tures, it appears to be white, as in the glow efttbt tungsten filament of
a light-bulb. A careful study of thermal radiatishows that it consists of
a continuous distribution of wavelengths from th&ared, visible, and
ultraviolet portions of the spectrum.

By the end of the 19th century, it had become aggéhat the clas-
sical theory of thermal radiation was inadequate Basic problem was
in understanding the observed distribution enegyg function of wave-
length in the radiation emitted by a blackbody. d&finition, a black-
body is an ideal system that absorbgadliation incident on it. The ra-
diated energy varies with wavelength and tempezatis the tempera-
ture of the blackbody increases, the total amofi@nergy it emits in-
creases. Also, with increasing temperature, th& péahe distribution
shifts to shorter wavelengths. This shift obeyfedalVien's displacement
law. At long wavelengths, classical theory is in goodeagent with the
experimental data. At short wavelengths, howevejomdisagreement
exists between classical theory and experimerfiadty the theory erro-
neously predicts that the intensity should be itdirwhen the experi-
mental data shows it should approach zero. Thigramintion is called
the ultraviolet catastrophéecause theory and experiment disagree
strongly in the short-wavelength, ultraviolet regyiaf the spectrum.

In 1900 Planck developed a formula for blackbodgiasion
that was in complete agreement with experimentalhtwave-
lengths. Planck hypothesized that blackbody ramfiatias produced by
submicroscopic charged oscillators, which he calledonatorsHe
assumed that the walls of a glowing cavity were pgosed of bil-
lions of these resonators, although their exactingatvas unknown.
Because the energy of each resonator can havedmasete values, we
say the energy is quantized.

The key point in Planck's theory is the assumptibquantized ener-
gy states. This is a radical departure from clasgibysics, the "quantum
leap” that led to a totally new understanding dtira It's shocking: it's
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like saying a pitched baseball can have only adfixember of different
speeds, and no speeds in between those fixed valthesh Planck pre-
sented his theory, most scientists (including R{gndidn't consider the
quantum concept to be realistic; however, subsdgqdemelopments
showed that a theory based on the quantum concafbie( than on
classical concepts) had to be used to explain éeuwf other phenom-
ena at the atomic level.
Photoelectric effect and the particle theory of ligt

In the latter part of the 19th century, experimesttewed that light
incident on certain metallic surfaces caused thissom of electrons are
emitted from the surfaces. This phenomenon is knasvthe photoelec-
tric effect, and the emitted electrons are callpdtpelectrons. The first
discovery of this phenomenon was made by Hertz, wé® also the first
to produce the electromagnetic waves predicteddoynidll.

A successful explanation of the photoelectric ¢ffeas given by Ein-
stein in 1905, the same year he published his apibeiory of relativity.
As part of a general paper on electromagnetic tiadiafor which he re-
ceived the Nobel Prize in 1921, Einstein extendiahdR's concept of
guantization to electromagnetic waves. He suggekted tiny packet of
light energy or photowould be emitted when a quantized oscillator made
a jump from an energy state to the next lower stte work function,
which represents the minimum energy with which laesteon is bound in
the metal, is on the order of a few electron volts.

X- rays

In 1895 at the University of Wurzburg, Wilhelm Riégen (1845-1923)
was studying electrical discharges in low-presgases when he noticed
that a fluorescent screen glowed even when plageeral meters from
the gas discharge tube and even when black cadibess placed be-
tween the tube and the screen. He concluded #haffiect was caused by
a mysterious type of radiation, which he calledysbecause of their un-
known nature. Subsequent study showed that thesetnaveled at or
near the speed of light and that they couldn'tdftedted by either elec-
tric or magnetic fields. This last fact indicatéat x-rays did not consist
of beams of charged patrticles, although the pdasilthat they were
beams of uncharged particles remained.
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In 1912 Max von Laue (1879-1960) suggested that-riiys were
electromagnetic waves with very short wavelengihshould be pos-
sible to diffract them by using the regular atorsacings of a crystal
lattice as a diffraction grating, just as visibtght is diffracted by a ruled
grating. X-ray diffraction has proved to be an imeble technique for
understanding the structure of matter. The continuadiation is some-
times called bremsstrahlung, a German word medhbirading radiation,"
because electrons emit radiation when they undangacceleration inside
the target.

The Compton - effect

Further justification for the photon nature of ligtkame from an
experiment conducted by Arthur H. Compton in 1983is experiment,
Compton directed an x-ray beam of wavelength towsastbck of graphite.
He found that the scattered x-rays had a slightigér wavelength than the
incident x-rays, and hence the energies of thdesedt rays were lower.
The amount of energy reduction depended on thesaatglvhich the x-
rays were scattered. The change in wavelength betaecattered x-ray
and an incident x-ray is called the Compton shift.

The dual nature of light and matter

Phenomena such as the photoelectric effect an@dngpton effect
offer evidence that when light (or other forms tgfotromagnetic radia-
tion) and matter interact, the light behaves @swiere composed of par-
ticles having energy and momentum. In other costdxiwever, light acts
like a wave, exhibiting interference and diffraatieffects. Light has a
dual nature, exhibiting both wave and particle abteristics.

According to de Broglie, electrons, just like lightave a dual particle-
wave nature. De Broglie suggested that all matpégicles with momen-
tum p should have a characteristic wavelength. FurtteeBroglie postu-
lated that the frequencies of matter waves (wassscaated with particles
having nonzero rest energy) obey the Einsteinioelstip for photons.

In 1927, three years after de Broglie publishedndigk, C. J. Davisson
(1881-1958) and L. H. Germer (1896-1971) of thetéthiStates succeed-
ed in measuring the wavelength of electrons. Tingiortant discovery
provided the first experimental confirmation of thatter waves proposed
by de Broglie.

Wave function

In 1926, the Austrian-German physicist Erwin Scimgdr proposed

a wave equation that described how matter wavesgeha space and
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time. The Schrodinger wave equation representsyael@ment in the
theory of quantum mechanics. It's as importantuargum mechanics
as Newton's laws in classical mechanics. Schrodmgmuation has
been successfully applied to the hydrogen atomtandany other mi-
croscopic systems.
Uncertainty principle

In 1927, Werner Heisenberg (1901-1976) introduaatibm, which is
now known as the uncertainty principle. It is pbgdliy impossible to meas-
ure simultaneously the exact position and exaealimomentum of a par-
ticle.

The scanning tunneling microscope

One of the basic phenomena of quantum mechaniasneling - is
at the heart of a very practical device - the sirntunneling micro-
scope, or STM - which enables us to get highly itletdmages of sur-
faces with a resolution comparable to the sizesihgle atom. The STM
has, however, one serious limitation: it dependglentrical conductivi-
ty of the sample and the tip. A newer microscofige-atomic force mi-
croscope, or AFM - overcomes this limitation. Itasares the force be-
tween a tip and the sample, rather than an elattiorent. The AFM
has comparable sensitivity for measuring topographg has become
widely used for technological applications.

What phenomena classical physics can’t explain?
What kinds of radiation does thermal radiation cosg?
What's the essence of Planck's hypothesis?
Describe the photoelectric effect.

Why x-rays do not consist of beams of charged gas?
What's the reason of dual nature of light?

oM wnNE

Exercises

1. Rearrange the letters in the anagrams to form agvalents for the
Russian words:

Pezonamopeut natorsreso
Domosnemenmol cellsphoto
Topmo3snoe uznyuenue strahlungbrems
Ilepuoo (pewemxu) cingspa
Tyunenuposarnue lingtunnel
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2. Match the words in A with the words in B to formword combina-
tions:

A B
Thermal shift
Particle radiation
Compton mechanics
Dual nature
Uncertainty theory
Quantum principle

3. Fill in the gaps with the missing words from thdist:
photons, work function, quantum effects, uncerygiminciple, x-
rays

1. can be even more bizarre than relativistic effémisdon't
despair: confusion is normal and expected.

2. Photoelectrons are created by absorption of a eipgbton,
so the energy of that photon must be greater thraegoal to the

, else no photoelectrons will be produced.

3. We now know that are a part of the electromagnetic spec-
trum, characterized by frequencies higher thanetludgiltraviolet radia-
tion and having the ability to penetrate most malewith relative ease.

4, have wave and particle characteristics, perhdgerahs
of matter have both properties.

5. To understand the physical origin of the , consider the ex-
periment introduced by Heisenberg.

UNIT 28
ATOMIC PHYSICS

Read the following texts. Study the thesaurus ondi 28, answer
the questions after the texts

In this Unit we first discuss the Bohr model of rggkn, which helps
us understand many features of that element Hattéaiexplain finer de-
tails of atomic structure. Next we examine the bg#n atom from the

156



viewpoint of quantum mechanics and the quantum musnlbised to
characterize various atomic states. Quantum nunadrerst mere mathe-
matical abstractions: they have physical signifeearsuch as the role they
play in the effect of a magnetic field on certairagtum states. The fact
that no two electrons in an atom can have the samef quantum num-
bers - the Pauli exclusion principle - is extremeiportant in understand-
ing the properties of complex atoms and the arnaege of elements in
the periodic table. Finally, we apply our knowledgetomic structure to
describe the mechanisms involved in the produdaiioxrrays, the opera-
tion of a laser, and the behavior of solid-statdcds such as diodes and
transistors.
Early models of the atom

The model of the atom in the days of Newton wamy hard, in-
destructible sphere. Although this model was a duasis for the kinetic
theory of gases, new models had to be devised Vaten experiments
revealed the electronic nature of atoms. J. J. Boon(1856-1940) sug-
gested a model of the atom as a volume of pogitiaege with electrons
embedded throughout the volume, much like the seeglsvatermelon.

In 1911 Ernest Rutherford (1871-1937) and his sttglélans Gei-
ger and Ernest Marsden performed a critical expinshowing that
Thomson's model couldn't be correct. In this expent, a beam of posi-
tively charged alpha particlegas projected against a thin metal foil. The
results of the experiment were astounding. Mosthef alpha particles
passed through the foil as if it were empty sphoea few particles de-
flected from their original direction of travel veescattered through large
angles. Some particles were even deflected backwaedersing their
direction of travel. When Geiger informed Ruthedfaf these results,
Rutherford wrote, "It was quite the most incrediblent that has ever
happened to me in my life. It was almost as inbledas if you fired a 15-
inch shell at a piece of tissue paper and it camoe& Bnd hit you."

Rutherford explained these astounding results synamg that the
positive charge in an atom was concentrated ingimmethat was small
relative to the size of the atom. He called thiscamtration of positive
charge the nucleus of the atom. Alpha particlesntiedves were later
identified as the nuclei of helium atoms.

Atomic spectra
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The hydrogen atom is the simplest atomic systemaamdspecially
important one to understand. Much of what we knbauathe hydrogen
atom (which consists of one proton and one elegtcam be extended
directly to other single-electron ions such as Hed LF*. Further, a
thorough understanding of the physics underlying lydrogen atom
can then be used to describe more complex atomshengeriodic
table of the elements.

If a voltage applied between metal electrodes m tthbe is great
enough to produce an electric current in the daes tibe emits light
having a color that depends on the gas insides(iBhihow a neon sign
works.). When the emitted light is analyzed witspactrometer, discrete
bright lines are observed, each having a diffevemtelength, or color.
Such a series of spectral lines is commonly calle@mission spectrum
The wavelengths contained in such a spectrum aeacteristic of the
element emitting the light. Because no two elementg the same line
spectrum, this phenomenon represents a marvelalisediable tech-
nigue for identifying elements in a gaseous sulostan

In addition to emitting light at specific wavelehgt an element can
absorb light at specific wavelengths. The speditnak corresponding to
this process form what is known as an absorpti@ctspm The absorp-
tion spectrum of an element has many practicaliegipns. For exam-
ple, the continuous spectrum of radiation emittgdtire Sun must
pass through the cooler gases of the solar atmosiitedore reaching
the Earth. Because the Greek word for Sun is heéhesnew element was
named helium.
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Atomic Physics
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Fig. 28.Thesaurus for Unit 28
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The Bohr theory of hydrogen and its modification

At the beginning of the 20th century, scientistsevgerplexed by the
failure of classical physics to explain the chagastics of spectra. In 1913
Bohr provided an explanation of atomic spectra theludes some fea-
tures of the currently accepted theory. The equoatiof his theory is
based on the assumption that the electron can emigtin certain al-
lowed orbits determined by the integeThe orbit with the smallest radi-
us, called the Bohr radius, correspondsite 1. The lowest energy
state, or ground state, correspondsite 1. The minimum energy re-
quired to ionize the atom - that is, to completelynove the electron - is
called the ionization energy.

Newtonian mechanics cannot be used to describeopmema that
occur at speeds approaching the speed of lighttdtgan mechanics is
a special case of relativistic mechanics and apigdy whenv is much
smaller thare. Similarly, quantum mechanics is in agreement wigissi-
cal physics when the energy differences betweentiged levels are very
small. This principle, first set forth by Bohr,dalled the correspondence
principle.

Within a few months following the publication of Bts paper, Arnold
Sommerfeld (1868-1951) extended the Bohr modehttudle elliptical
orbits. Bohr's concept of quantization of angulammantum led to the prin-
cipal quantum number, which determines the energy of the allowed states
of hydrogen. Sommerfeld's theory retaimedut also introduced a new
quantum number, called the orbital quantum nurdb@sther modification
of the Bohr theory arose when it was discoveretitigspectral lines of a
gas are split into several closely spaced linesnwthe gas is placed in a
strong magnetic field. This is called the Zeemd#eceffter its discoverer. In
order to explain this observation, a new quantumlbyer called the orbital
magnetic qguantum number.

Finally, very high resolution spectrometers revetdleat spectral lines
of gases are in fact two very closely spaced kves in the absence of an
external magnetic field. This splitting was refdrte as fine structurdn
1925 Samuel Goudsmit and George Uhlenbeck intratitiee idea of an
electron spinning about its own axis to explaindhigin of fine structure.
The results of their work introduced yet anothesirqum number, called
the spin magnetic quantum number

For more than a decade following Bohr's publicatianone was able to
explain why the angular momentum of the electros reatricted to discrete
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values. Finally, de Broglie gave a direct physiwaly of interpreting this
condition. He assumed that an electron orbit wbeldgtable (allowed) on-
ly if it contained an integral number of electroawelengths. Although the
analysis provided by de Broglie was a promisingtfistep, gigantic
strides were made subsequently with the developweSchrodinger's
wave equation and its application to atomic systems

Quantum mechanics predicts that the wave functiortife hydrogen
atom in the ground state is spherically symmetré)ce the electron can
be found in a spherical region surrounding the eugl This is in con-
trast to the Bohr theory, which confines the positof the electron to
points in a plane. The quantum mechanical resuften interpreted by
viewing the electron as a cloud surrounding thdaus:

The exclusion principle

How many electrons in an atom can have a parti@gaof quantum
numbers? This important question was answered bl Pa1925 in a
powerful statement known as the Pauli exclusiamcjpie: No two electrons
in an atom can ever have the same set of valube feet of quantum numbers.

The Pauli exclusion principle explains the elecitostructure of
complex atoms as a succession of filled levels wifferent quantum
numbers increasing in energy, where the outerniestrens are primar-
ily responsible for the chemical properties of gement. If this princi-
ple weren't valid, every electron would end uphe lowest energy state
of the atom and the chemical behavior of the elésneould be grossly
different.

Atomic transitions

An atom will emit radiation only at certain frequées that corre-
spond to the energy separation between the vadbowed states. At
ordinary temperatures, most of the atoms in a sauay@ in the ground
state. If a vessel containing many atoms of a gauminated with a
light beam containing all possible photon frequesdthat is, a continu-
ous spectrum), only those photons of energi@sl so on, can be ab-
sorbed. As a result of this absorption, some atarasaised to various
allowed higher energy levels, called excited states

An incident photon can cause atomic transitiorfseeitipward (stim-
ulated absorption) or downward (stimulated emisksidine two pro-
cesses are equally probable. When light is incidara system of atoms,
there is usually a net absorption of energy, beralmen the system is in
thermal equilibrium, there are many more atomshi@ ground state

161



than in excited states. However, if the situatian be inverted so that
there are more atoms in an excited state thaneirgtbund state, a net
emission of photons can result. Such a conditiocaited population
inversion This is the fundamental principle involved in theecation of
a laser. One interesting application of the lasemnalography: the pro-
duction of three-dimensional images of objects.

Energy bands in solids

In solids, the discrete levels of isolated atonm@ablen into allowed
energy bands separated by forbidden gaps. The atepamland elec-
tron population of the highest bands determinestidrea given solid
is a conductor, an insulator, or a semiconductor.efectron can have
any energy within an allowed energy band, but cahawe an energy in
the band gapor the region between allowed bands. The highéet fi
band is called the valence band and the next higimgty band is called
the conduction band. In qguantum terms, electronge®increase if there
are higher unoccupied energy levels for electrorgrhp to.

A conductor has a highest-energy occupied bandhnisigartially
filled, and in an insulator, has a highest-energgupied band which is
completely filled with a large energy gap betwdan valence and conduc-
tion bands. Semiconductor is a material with a stvehd gap of about
leV whose conductivity results from appreciableriied excitation of
electrons across the gap into the conduction banoom temperature.
The process of adding impurities, called dopinggigortant in making
devices having well-defined regions of differerdistivity.

The invention of the transistor by John Bardeer®819991), Walter
Brattain (1902-1987), and William Shockley (191(82pin 1948 total-
ly revolutionized the world of electronics. Forghivork, these three
men shared a Nobel prize in 1956. By 1960, thesistor had replaced
the vacuum tube in many electronic applicationse €8imple form of the
transistor, called the junction transistoonsists of a semiconducting ma-
terial in which a very narrow region is sandwiched between twpae-
gions. This configuration is calledpap transistor Another configuration
is thenpn transistor. The outer regions are called the emdated col-
lector, and the narrow central region is called thse.

Invented independently by Jack Kilby at Texas lnsints in late
1958 and by Robert Noyce at Fairchild Camera asttument in early
1959, the integrated circuit has been justly calteé most remarkable
technology ever to hit mankind." In simplest terans integrated circuit is
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a collection of interconnected transistors, diodesjstors, and capaci-
tors fabricated on a single piece of silicon kn@sra chip.

1. What experiment showed that Thomson’s model igight?

2. Why the emission spectrum is reliable techniquedentifying
elements?

3. What does quantum mechanics predict about eleatrdmucleus?

4. What's the Pauli exclusion principle consist from?

5.  What equally probable processes an incident phzorcause?

6. Why the integrated circuit has been justly calliae 'most re-
markable technology ever to hit mankind"?

Exercises

1. Rearrange the letters in the anagrams to form agvalents for the
Russian words:

Hopo cleusnu
Tlooobonoura shellsub
Pacwennenue tingsplit
Jlecuposanue nonynposoonuxa pingdo
Dmummep teremit

2. Match the words in A with the words in B to formword combina-
tions:

A B
Ground gap
Fine transistor
Population inversion
Band circuit
Integrated structure
Junction state

3. Fill in the gaps with the missing words from thdist:

solar spectrum, nucleus, quantum numbers, energfatie, integrated
circuits
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1. In order to explain why electrons in this outerioggof the at-
om were not pulled into the , Rutherford viewed them as moving
in orbits about the positively charged nucleushimm $ame way that plan-
ets orbit the Sun.

2. The various absorption lines observed in the have been
used to identify elements in the solar atmosplieodyding one that was
previously unknown.

3. Radiation is emitted by the hydrogen atom wheneleetron
"jumps"” from a more energetic initial state tossle .

4. All these were postulated to account for the observed
spectra of elements.
5. swere invented partly to solve the interconnecioob-

lem spawned by the transistor.

UNIT 29
NUCLEAR PHYSICS

Read the following texts. Study the thesaurus ondi 29, answer
the questions after the texts

In 1896, the year that marks the birth of nucldarscs, Henri Bec-
querel (1852-1908) discovered radioactivity in imam compounds. A
great deal of activity followed this discovery asearchers attempted to
understand and characterize the radiation thatomekmow to be emitted
by radioactive nuclei. Pioneering work by Ruthedf@howed that the
radiation was of three types, which he called alpleta, and gamma rays.
These types are classified according to the natitkeir electric charge
and their ability to penetrate matter. Later expents showed that alpha
rays are helium nuclei, beta rays are electrorg,gamma rays are high-
energy photons.

In 1911 Rutherford and his students Geiger and désrperformed a
number of important scattering experiments invavialpha particles.
These experiments established the idea that tHeusuof an atom can be
regarded as essentially a point mass and poingetzard that most of the
atomic mass is contained in the nucleus. Furtieh studies demonstrat-
ed a wholly new type of force: the nuclear forcajah is predominant at
distances of less than about ¥0m and drops quickly to zero at greater
distances.
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Other milestones in the development of nuclearipbysclude:

- the first observations of nuclear reactions bytherford and
coworkers in 1919, in which naturally occurriagparticles bombarded
nitrogen nuclei to produce oxygen,

- the first use of artificially accelerated protdosproduce nuclear re-
actions, by Cockcroft and Walton in 1932,

- the discovery of the neutron by Chadwick in 1932,

- the discovery of artificial radioactivity by Jotiand Irene Curie in
1933,

- the discovery of nuclear fission by Hahn, StramsniMeitner, and
Frisch in 1938,

- the development of the first controlled fissiaractor by Fermi
and his collaborators in 1942.

Some properties of nuclei

All nuclei are composed of two types of particlpstons and neu-
trons. The only exception is the ordinary hydrogesleus, which is a
single proton. In describing some of the propertésiuclei, such as
their charge, mass, and radius, we make use ébltbesing quantities:

- the atomic numbef, which equals the number of protons in the nu-
cleus,

- the neutron numbeX, which equals the number of neutrons in the
nucleus,

- the mass numbeX, which equals the number of nucleons in the
nucleus (nucleois a generic term used to refer to either a pratoa
neutron).

The nuclei of all atoms of a particular element tragntain the same
number of protons, but they may contain differamnbers of neutrons.
Nuclei that are related in this way are calledopes. The isotopes of an
element have the sareralue, but differenN andA values.

The size and structure of nuclei were first invgeted in the scatter-
ing experiments of Rutherford. Using the principfeconservation of
energy, Rutherford found an expression for howelas alpha particle
moving directly toward the nucleus can come tortheleus before be-
ing turned around by Coulomb repulsion. Rutherfodcluded that the
positive charge in an atom is concentrated in alssphaere, which he
called the nucleus, with radius no greater tharuai6+“m. Because
such small lengths are common in nuclear physicgnaenient unit of
length is the femtometéim), sometimes called the fermi.
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The total mass of a nucleus is always less thasuheof the masses
of its nucleons. Also, because mass is anotherfessation of energy, the
total energy of the bound system (the nucleuspss than the combined
energy of the separated nucleons. This differencenergy is called the
binding energyof the nucleus and can be thought of as the endajy
must be added to a nucleus to break it apart tetedparated neutrons
and protons.

Radioactivity

In 1896, Becquerel accidentally discovered thahiura salt crystals
emit an invisible radiation that can darken a pbphic plate even if
the plate is covered to exclude light. After selveuzh observations un-
der controlled conditions, he concluded that tltkateon emitted by the
crystals was of a new type, one requiring no esfestimulation. This
spontaneous emission of radiation was soon cadldubactivity Subse-
guent experiments by other scientists showed tetr substances were
also radioactive.

Three types of radiation can be emitted by a raniea substance:
alpha @) particles, in which the emitted particles are Hel@i beta f)
particles, in which the emitted particles are aitbéectrons or posi-
trons; and gammay) rays, in which the emitted "rays" are high-energy
photons. A positron is a particle similar to theatton in all respects,
except that it has a charge-+og&. (The positron is said to be the antipar-
ticle of the electron.)

The decay rate, or activitg, of a sample is defined as the number of
decays per second. Another parameter that is usafuharacterizing
radioactive decay is the half-life. The half-lifé @ radioactive sub-
stance is the time it takes for half of a given banof radioactive nuclei
to decay. The unit of activity R is the curie (Qihe Sl unit of activity is
the becquerel (Bqg): 1 Bq = 1 decay/s.

Radioactive nuclei decay spontaneously via alpktg, kand gamma
decay. If a nucleus emits an alpha partigtte], it loses two protons and
two neutrons. In order for alpha emission to oc¢he mass of the
parent must be greater than the combined mass efddughter
and the alpha particle. In the decay process, déRit®ess mass is
converted into energy of other forms and appearhénform of ki-
netic energy in the daughter nucleus and the ghainicle.
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Nuclear Physics

Nuclei Nuclear force | Binding en- | Coulomb repul-
ergy sion
Atomic number| Protons
Neutron num- Isotopes
ber Neutrons
Unified mass
Mass number Nucleon unitt
Femtometer Fermi
Radio- Uranium com- | Spontaneous| Alpha rays
activity pounds emission Beta rays
Gamma rays
Paositron Antiparticle
Decay rate Activity Becquerel (Bq)
Curie (Ci)
Decay con- | Half-Life
stant
Parent nucleus| Daughter nucleus
Alpha decay
Beta decay Neutrino Antineutrino
Gamma decay
Natural | Artificial radi- | Nuclear re- | Exothermic reac-
radioac- | oactivity actions tions
tivity Endothermic re-
actions
Threshold energy
Medical | lonizing radia- | Radiation Somatic damage
applica- | tion damage Genetic damage
tions Radiation ex- | Roentgen
posure
Radioactive Geiger coun-
tracers ter
Cloud cham-
ber

Fig. 29.Thesaurus for Unit 29
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When a radioactive nucleus undergoes beta de@gatighter nucleus
has the same number of nucleons as the parentusudet the atomic
number is changed by 1. In 1930 Pauli proposedatitiaird particle must
be present to carry away the "missing" energy ancbhserve momen-
tum. Later, Enrico Fermi developed a complete thebteta decay and
named this particle the neutrithttle neutral one™) because it had to be
electrically neutral and have little or no massbéta decay, an electron
and an anti-neutrino are emitted or a positroneamelitrino are emitted.

Very often a nucleus that undergoes radioactivaylecleft in an ex-
cited energy state. The nucleus can then underggcand decay to a
lower energy state - perhaps even to the groumel stay emitting one or
more high-energy photons. The process is similindamission of light
by an atom. An atom emits radiation to release sextra energy when an
electron "jumps" from a state of high energy taaesof lower energy.
The photons emitted in the process are called gamaggwhich have
very high energy relative to the energy of visiiét.

Natural radioactivity

Radioactive nuclei are generally classified int@ tgroups: (1) un-
stable nuclei found in nature, which give rise toatvis called natural
radioactivity, and (2) nuclei produced in the latory through nuclear
reactions, which exhibit artificial radioactivity.

Nuclear reactions

It is possible to change the structure of nucleibbynbarding them
with energetic particles. Such changes are calletbar reactionsSince
the time of Rutherford, thousands of nuclear reastihave been ob-
served, particularly following the development baoged-particle accel-
erators in the 1930s. These high-energy particiesised to create new
particles whose properties are helping to solventlysteries of the nu-
cleus (and indeed, of the Universe itself).

Nuclear reactions in which there is a release efgn- that is, positive
Q values - are said to be exothermic reactions. Reactith negative
values are called endothermic reactions. It cashmevn that in order to
conserve both energy and momentum, the incominticigamust have a
minimum kinetic energy. This minimum value of thiedtic energy of
the incoming patrticle is called the threshold eperg

Medical applications of radiation

Radiation absorbed by matter can cause severe darfihg degree

and kind of damage depend on several factors, dimgjuthe type and
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energy of the radiation and the properties of theogbing material. Ra-
diation damage in biological organisms is due prilpdo ionization
effects in cells. The normal function of a cell mag disrupted when
highly reactive ions or radicals are formed asrésilt of ionizing radia-
tion. Also, cells that do survive the radiation magcome defective,
which can lead to cancer.

Several units are used to quantify radiation exposind dose. The
roentgen(R) is defined as that amount of ionizing radiatiohieh
will produce 2.08 x 1%ion pairs in 1 crof air under standard condi-
tions. Radioactive particles can be used to traeenials participating in
various reactions.

One of the most valuable uses of radioactive teatein medicine.
Most medical applications of radiation require instents to make
gquantitative measurements of radioactive intensigrious devices have
been developed to detect the energetic particlegesihwhen a radioac-
tive nucleus decays: the Geiger counter; a semicdoddiode detector;
a scintillation counter; Track detectors; a clobdmber.

What steps of nuclear physics development do yowRn

Name values which are used for description of pt@zeof nuclei.
What three types of radiation are radiated by rtive substance?
Into what two groups radioactive nuclei are getgrcdhssified?
How it is possible to change the structure of ri@dcle

What examples of medical applications of radiatioryou know?

oukrwnhrE

Exercises

1. Rearrange the letters in the anagrams to form agvalents for the
Russian words:

Hopa cleinu
Hzomon topeiso
Paouoaxmuenocmo activityradio
Ilepuoo nonypacnada fLie-IHaf
Anmunetimpuno neutrinoanti
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2. Match the words in A with the words in B to formword combina-
tions:

A B
Binding exposure
Parent reactions
Gamma damage
Nuclear nucleus
Genetic energy
Radiation Decay

3. Fill in the gaps with the missing words from thdist:
Roentgen, nuclear force, isotopes, half-life, noisle

1. Some don't occur naturally, but can be produced inléhe
boratory through nuclear reactions.

2. Nuclei are stable because of the presence of anathert-
range (about 2 fm) force: the _ , an attractive force that acts be-
tween all nuclear particles.

3. A is the time it takes for half of a given nhumbenatlei to
decay.

4. The mass of the electron is much smaller thandhtte lightest

, SO We can approximate it as zero when we studgaudecays and
reactions.

5. The is that amount of radiation which deposits 8.76 X
10~*J of energy into 1 kg of air.

UNIT 30
NUCLEAR ENERGY AND ELEMENTARY PARTICLES

Read the following texts. Study the thesaurus ondi 30, answer
the questions after the texts

In this concluding Unit we discuss the two meansvhich energy can
be derived from nuclear reactions: fission, in wh& nucleus of large
mass number splits into two smaller nuclei, andofysin which two
light nuclei fuse to form a heavier nucleus. Ireitcase, there is a re-
lease of large amounts of energy, which can be dsstluctively through
bombs or constructively through the productionlet&ic power. We end
our study of physics by examining the known subatqrarticles and the
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fundamental interactions that govern their behawée also discuss the
current theory of elementary particles, which stétat all matter in nature
is constructed from only two families of particlegiarks and leptons. Fi-
nally, we describe how such models help us undetdfze evolution of
the Universe.

Nuclear fission

Nuclear fission occurs when a heavy nucleus, secfa, splits, or
fissions, into two smaller nuclei. In such a reattithe total mass of the
products is less than the original mass of theyheasleus.

Nuclear fission was first observed in 1939 by Q#ahn and Fritz
Strassman, following some basic studies by FerfiterAdombarding ura-
nium (Z = 92) with neutrons, Hahn and Strassmacodsred two medi-
um-mass elements, barium and lanthanum, amongethetion prod-
ucts. Shortly thereafter, Lise Meitner and Ottcs€hi explained what
had happened: the uranium nucleus had split intortearly equal frag-
ments after absorbing a neutron. This was of cenaiile interest to
physicists attempting to understand the nucleusijthuas to have even
more far-reaching consequences. Measurements shibnae@bout 200
MeV of energy is released in each fission event] #ns fact was to
affect the course of human history.

Nuclear reactors

Neutrons are emitted whéfU undergoes fission. These neutrons can
in turn trigger other nuclei to undergo fissionttwihe possibility of a
chain reaction. Calculations show that if the chagaction isn't con-
trolled, it will proceed too rapidly and possibkysult in the sudden re-
lease of an enormous amount of energy (an explpgwan from only 1g
of 2. An uncontrolled fission reaction, of coursettie principle be-
hind the first nuclear bomb.

A nuclear reactor is a system designed to mainéiat is called a
self-sustained chain reactiofhis important process was first achieved in
1942 by a group led by Fermi at the University bidago, with natural
uranium as the fuel. Most reactors in operatiorayodlso use uranium
as fuel. Natural uranium contains only about 0.7%the ***U isotope,
with the remaining 99.3% being th&U isotope. This is important to the
operation of a reactor becauS&J almost never undergoes fission. In-
stead, it tends to absorb neutrons, producing neptuand plutonium.
For this reason, reactor fuels must be artificigiyiched so that they
contain several percent of thdJ isotope.
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A useful parameter for describing the level of teaoperation is the
reproduction constar, defined as the average number of neutrons
from each fission event that will cause anotheméva self-sustained
chain reaction is achieved wh&r 1. Under this condition, the reactor
is said to be critical. WheK is less than one, the reactor is subcritical
and the reaction dies out. Wh&ris greater than one the reactor is said
to be supercritical, and a runaway reaction occurs.

In any reactor, a fraction of the neutrons prodiindision will leak
out of the core before inducing other fission eséneutron leakagelf
the fraction leaking out is too large, the reaetiirnot operate.

The neutrons released in fission events are higiiygetic, with kinet-
ic energies of about 2 MeV. It is found that sloautmons are far more
likely than fast neutrons to produce fission event§U. Further,?%U
doesn't absorb slow neutrons. In order for thenchedction to continue,
therefore, the neutrons must be slowed down. Shaséomplished by sur-
rounding the fuel with a substance called a moderat

In the process of being slowed down, neutrons neagalptured by nu-
clei that do not undergo fission. The most commeente of this type is
neutron capture b§*U. The probability of neutron capture BU is very
high when the neutrons have high kinetic energiesvary low when they
have low kinetic energies.

Nuclear fusion

The binding energy of light nuclei (those havingiass number lower
than 20) is much smaller than the binding energlgezfvier nuclei. This
suggests a process that is the reverse of fidslben two light nuclei com-
bine to form a heavier nucleus, the process iedtalliclear fusion. Because
the mass of the final nucleus is less than the esasisthe original nuclei,
there is a loss of mass, accompanied by a reldéasgemy. Although fu-
sion power plants have not yet been developed,ralwide effort is un-
der way to harness the energy from fusion reactiotise laboratory.

All stars generate their energy through fusion gsses. Stars are born
in regions of space containing vast clouds of dastgas. Two conditions
must be met before fusion reactions in the star testain its energy
needs: (1) The temperature must be high enoughu(disbK for hydro-
gen) to allow the kinetic energy of the positiveharged hydrogen nuclei
to overcome their mutual Coulomb repulsion as ttwiide, and (2) the
density of nuclei must be high enough to ensurighaitate of collision.

One of the major problems in obtaining energy frauclear fusion
is the fact that the Coulomb repulsion force betwsa charged nuclei
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must be overcome before they can fuse. The fundaingmallenge is to
give the two nuclei enough kinetic energy to ovemecthis repulsive
force. This can be accomplished by heating thettuektremely high
temperatures (about 4&, far greater than the interior temperature of
the Sun). In addition to the high temperature meguénts, there are two
other critical factors that determine whether dranthermonuclear reactor
will function: the plasma ion densityand the plasma confinement time
the time the interacting ions are maintained atéraperature equal to or
greater than that required for the reaction to @edc The density and
confinement time must both be large enough to enthat more fusion
energy will be released than is required to heaptiasma.

Most fusion experiments use magnetic field confieetrto contain a
plasma. One device, called a tokama&s a doughnut-shaped geometry
(a toroid). This device, first developed in thenfier Soviet Union, uses a
combination of two magnetic fields to confine thiagma inside the
doughnut. A strong magnetic field is produced kgyc¢brrent in the wind-
ings, and a weaker magnetic field is produced bycthrrent in the toroid.

Elementary particles

The word "atom" is from the Greek word "atomos" amag "indivisi-
ble." At one time, atoms were thought to be thévieible constituents of
matter; that is, they were regarded as elementaticles. Discoveries in
the early part of the 20th century revealed thatatfom is not elementary,
but has protons, neutrons, and electrons as itstit@nts. Until 1932,
physicists viewed these three constituent partiaeslementary because,
with the exception of the free neutron, they aghlyi stable. The theory
soon fell apart, however, and beginning in 193 hynaew particles were
discovered in experiments involving high-energy lisoihs between
known particles. These new patrticles are charatitaily unstable and
have very short half-lives, ranging between®8-and 10%s. So far more
than 300 of them have been cataloged.

In the last 30 years, physicists have made tremenddvances in our
knowledge of the structure of matter by recogniziveg all particles (with
the exception of electrons, photons, and a fewgtlaee made of smaller
particles called quarks. Protons and neutronsefample, are not truly
elementary but are systems of tightly bound quarks.

In the 1920s, the theoretical physicist Paul Adridaurice Dirac
(1902-1984) developed a version of quantum mechdhat incorporated
special relativity. Dirac's theory successfully lexped the origin of the
electron’s spin and its magnetic moment. The gkeaadhprofound impli-
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cation of Dirac's theory is that for every partidieere is an antiparticle
with the same mass as the particle, but the ogpdsitrge.

The positron was discovered by Carl Anderson ir2188d in 1936 he
was awarded the Nobel prize for his achievementefson discovered
the positron while examining tracks created by tebeelike particles of
positive charge in a cloud chamber.

Practically every known elementary particle hassérdtt antiparticle.
Among the exceptions are the photon and the nepioal, which are
their own antiparticles. An antiparticle is notritiied solely on the basis
of opposite charge: even neutral particles havipaticles.

The beginning of particle physics

The first theory to explain the nature of the nacléorce was pro-
posed in 1935 by the Japanese physicist Hideki Wak@907-1981), an
effort that later earned him the Nobel prize. Idesrto understand Yuka-
wa's theory, it is useful to first note that tworas can form a covalent
chemical bond by the exchange of electrons. Silyjlam the modern
view of electromagnetic interactions, charged gasi interact by ex-
changing a photon.

The nuclear force was originally called the strdoge. Once the
quark theory was established, however, the phrasaeg force was
reserved for the force between quarks. We willolellthis convention:
the strong force is between quarks and the nudbaae is between
nucleons.

In an effort to substantiate Yukawa's predictiopisysicists began
looking for the meson by studying cosmic rays thater the Earth's
atmosphere. In 1937, Carl Anderson and his col&bos discovered a
particle with mass 106 MeVicabout 207 times the mass of the elec-
tron. However, subsequent experiments showed tieaparticle inter-
acted very weakly with matter and hence could mothe carrier of the
nuclear force. This puzzling situation inspiredesal/theoreticians to pro-
pose that there are two mesons with slightly défiférmasses, an idea
that was confirmed in 1947 with the discovery of fi mesonx), or
simply pion by Cecil Frank Powell (1903-1969) and Guiseppe P. S
Occhialini (1907-1993). The lighter meson discovkerearlier by
Anderson, now called a muphas only weak and electromagnetic
interactions and plays no role in the strong irttoa.
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Nuclear reactors
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Fig. 30.Thesaurus for Unit 30
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All particles other than photons can be classifig® two broad
categories, hadrons and leptons, according to ititeiractions. Particles
that interact through the strong force are calladrbns. There are two
classes of hadrons, known as mesons and barystisgdished by their
masses and spins. All mesons are known to decaifyfimto electrons,
positrons, neutrinos, and photons. Leptons (from @reek leptos,
meaning "small" or "light") are a group of partisléhat participate in
the weak interaction. All leptons have a spin d&.1hcluded in this
group are electrons, muons, and neutrinos, whieHems massive than
the lightest hadron.

Many particles discovered in the 1950s were prodigethe nuclear
interaction of pions with protons and neutrons he atmosphere. A
group of these particles was found to exhibit ualipuoperties in their
production and decay and hence were called stijaagieles. To explain
these unusual properties of strange particlesyaddled conservation of
strangeness was introduced, together with a nemtguanumbesS called
strangeness

Scientists are convinced that because of the tih@teergy available in
conventional accelerators using fixed targets, itdcessary to build collid-
ing-beam accelerators called colliders. The conakatcollider is straight-
forward. In such a device, particles with equalseasand kinetic energies,
traveling in opposite directions in an acceleraiog, collide head-on to
produce the required reaction and the formatiaomeef particles.

Our understanding of physics at short and longadicss is far from
complete. Particle physics is faced with many goest The questions go
on and on. Because of the rapid advances and rspavdiries in the re-
lated fields of particle physics and cosmologythxy time you read this
book some of these questions may have been resaheédthers may
have emerged.

What are the two ways of getting energy from nualeactions?
When does nuclear fission occur?
Why do reactor fuels must be artificially enriched?
What's the main problem of getting energy from eaclfusion?
Why did physicists regard protons, neutrons anctreles as ele-
mentary particles before 19327?

6. What subatomic particles do you know?

7. What's the concept of collider?
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Exercises

1. Rearrange the letters in the anagrams to form agvalents for the
Russian words:

3ameonumens deratormo
Keapxu arksqu
Adponwi dronsha
Jlenmonwi tonslep
Cmpannocmo nessstrange

2. Match the words in A with the words in B to formword combina-
tions:

A B
Nuclear chain reaction
Fission fission
Self-sustained fragments
Runaway nuclei
Light accelerators
Colliding-beam reaction

3. Fill in the gaps with the missing words from thdist:
fusion reactions, fission fragments, quark, stramggs, moderator

1. The , barium and krypton, and the released neutrons
have a great deal of kinetic energy following tissibn event.

2. The slowing down of the neutrons by the  serves the dual
purpose of making them available for reaction ity and decreasing
their chances of being captured®y.

3. When occur at the core of a star, the energy thaberi
ated eventually becomes sufficient to prevent &rrttollapse of the star
under its own gravity.

4. The model has reduced the bewildering array of padicl
to a manageable number and has predicted new quankinations
that were subsequently found in many experiments.

5. The law of conservation of states that whenever a nuclear
reaction or decay occurs, the sum of the strangem@mbers before the
process must equal the sum of the strangeness raaite the process.
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