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Y BEDT == -+ BY 7 58 42 M LD MU AR AR oo oo« B s AN BEZEAE -+ 973X ) 180 53 B A4 Il 1/
Z A M R, .

a water-proof material BJi 7K A4 4k

a bullet-proof glass By 5L 337 35

a sound-proof room b o &

a bomb-proof shelter B % Jli

a fire-proof material Bi Kk Tt kA R
a fail-proof method T T— Rk

a fool-proof instrument AR o3 17 058 (0 A A
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WANEAE acid-proof $t 2 BY . it BR /Y » corrosion-proof ¥t J& 1M (1 . B J& i /%) , mar-proof
M BE 5 B9, ozone-proof i R 4R AYEE

DL J& — 28 T8 3% 47 52 6 1 1 1) 7 -

joulemeter B H-1}, kilowatt T FLEF . T L, loudspeaker 4% 7 28 , output %y i , ratemeter
it R, supersaturation 3T 1A

5. B A A

TR J8C 1) 48 H A 20 P A 1) 1 B8 1) 18 18— 8 40 245 6 T B A ) L 3208 1) o 19 R SR
H IR Ay T . — MR S, TR IR) S 87 1A L 3 A0 motel YR 42 ik 4F (motor+hotel) , smog 35
(smoke—fog) , brunch F- 4% (breakfast 4 lunch) 1 cyborg 4k A\ (#1838 cybernetic
organism [ kA Y)) G Wi .

PATR & — 20y 3 2 op 3R 1] 1) 481 5

potentiometer (potential+meter) g3 FEfw ALY ST A 25
radioisotope (radioactivetisotope) S 1 R A 2R

radionuclide (radioactive+ nuclide) AR

radiotherapy (radioactive-therapy) TS YT e

sonometer (sonic+ meter) %E it

spectrometer (spectrum-+ meter) HAEAL o3t

thermocouple (thermal-+couple) T 2% PR P
telesat(telecommunication+satellite) HiELE

6. 4&HgiA

205 W 1) P R LA PR« B A I B ) IO B o T T A A5 R B ] W) Y
Jod BAAR) R Ry s 4 B W 5 oK 2 SRV ) ST 1) A A BRI B R DR — D AR R L B
5,

1) J 4 845 W

—SEFLE] LE B ME TS I B L T A R 4 B0 W 1 5 A TS A A /N Y R
i) s B A ACIBCH SR BB T

maths (mathematics)${%, lab (laboratory) SZ54 % , plane (airplane) K #L, ft (foot/
feet) B, cpd (compound) L& W)

2) 455
) BR) 1R B — A TR AR e — AN TR R B % 46 W ] L S YA R s R, W WA DU
=2,

@ @ FEO T LU/NG R B, OF B O 2 4E 88 #EE,

m (metre) 2y ), cm (centimeter) K ,g (gram) 7% .fm (frequency modulation) ¥ 35

scr (silicon-controlled rectifier ) Al 45 i 8 3 #% » p. s. i. (pounds per square inch) % &
SEJ7 35 5), radar (radio detecting and ranging JC 2k WL R M 5 & {7 ) 55 i5 . laser (light
amplification by stimulated emission of radiation 3% & & Y K48 #t

@ PREFEHE I A RA EWRAE &S A F S,

TV (television) L , CD(compact disk) # P # . CAD (computer-assisted design) it

Il



M

Unit One

BHLET %1t . 1T (information technology) {§ B 3¢ R , IDD(international direct dial) [EBr &
P3G, PVC (polyvinyl chloride) B & & %, FRP (fiber glass reinforced plastic) 3% 35 4 ,
DNA (deoxyribonucleic acid) i 8 £ ¥ # #2 , F (fluorine) # » U Curanium) %, CATV (cable
television) A £ Ll , CD-ROM (compact disk-read-only memory) ) #% H {52 77 i o5 (U 5k 2
YIK) , GHG (greenhouse gas) i &= S A&

© A 11 45 gk 1] i R LA A 8] 4 L

E-mail Celectric mail) H, F Hf £, H-bomb (hydrogen bomb) & 3, CO, (carbon
dioxide) 5 fb Bk

7. BHA

Tk St A AN Bk BT (R SCTR] I SCTRIAS G, T )RS 0T AR [ E AR
and JEH TR AR SOl OO7 A FRR B RERICR . — A LT =26

DI HES

N effective and efficient, integral and indispensable, part and parcel, queries and
questions 4§,

It is clear that idealized model method provides an ef fective and efficient answer to a
number of complex problems. AR B &, FEASA Y J5 vk 02 fif P i/f 22 52 4 [n] L 1) — b e i 8 2
FOPINF R

During the last twenty years, holography has become an integral and indispensable
part of physics. TEfRIT — 4E 42 QAR B Wy B2 R T 3R 8 07843

Mechanics is part and parcel of physics. J7% 52 ¥ ¥ 2 1) 28 % 5847 o

If there are queries and questions with laser,do not hesitate to contact us. & X #OG#E
HEE WL AR IRATECR .

2) Bk

A first and most (foremost) swear and tear 2.

Calculus is the first and most common method of solving problems in physics. ##FR
G307 I R B i R i TR B ) A 7 1

First and foremost swe should tackle the problem of energy sources. & 2t .3A{1h 1%
fift e RE Y5 1) el

The first and most important step for learning university physics is to have a good
command of calculus. X K2FH 2% 3 SR UL, 5 — 42 & & &89 — 25 B2 AR,

Regular maintenance of instruments reduces much needless wear and tear. EH4EP
A AT DA R R A AN L B B

3) T

i each and every, leaps and bounds, pure and simple, trial and error, ways and
means % ,

This type of product manufacturing control ensures that consistent rare earth quality
is achieved for each and every lot delivered to the labs. X &= i il i #2  ik , &SR UE &
TS0 2 W A A B R AR E 1Y

Since the quantum was put forward, it has grown by leaps and bounds into a
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remarkably prosperous branch of physics. A& FHISHEH Lk, Bk kB —AFE 5 %
RIHE/BLiEe 3 i 2

The operating error was due to carelessness pure and sim ple. FEVEJ1R 44210 H T
ODRE.

In general, the design procedure is not straightforward and will require trial and
error. —MORUL, BT IS FRANJE — WU Y | T A2 5 24 R 50 3K 4 .

The object of studying thermodynamic processes was to work out ways and means of
improvements of the efficiency of heat engines. B¢ # Jj 240 B0 4 T & ehoatk $ApL Rk %
M & A 7 %

8. E A iAIC HIBE G

By 2 A LA L B SO — D FHWE 28 55 — Y IITE P A B AN [6] 1 ) 22 (] 1 7
B I 2 bR, S LA BL AR AR Sy Btk 1Y

TEY) LG, B © 20 4y B 4 B 4E T BOFA AN TR i b 5 7 KR
Faigr , J 25 R 3R A 57 P W B4 K Henrik David Bohr (3% 75) 38 R IR B A WL 1) 5
TR R — A KHR”, # 4 miniature solar system (5 K BHZR) , K19 22 0
WS H 2/ DA OWAE & . 5 3 R SO0 TH S Sy 22 L SR 1) TS R A B R T, ol 3R] TR
A FTE R 7 WL 5 Sy GIOUL A 53 1) i /AR B s o 4 R S R BE T light-year OB4F) X — AR i
YERTFE R ER Z 8] BB A P47, F crab nebula (IR =) 3Rk 48 FRAL 1 & v A9 3 — 38 K 5T
P UBRF R R TR S B a LA AT AR AR 24 O N R S AT A R e &
W7 307 18 T Y ke 3R Bk S T2 A A 1)V Y R A b 2058 9 ME A R iR A 44 o ik P oA 2
— RS Ba g, B S S Z B SR L,

AT N AR, AR Bl e, el b S A, A S i S IB i — 2% “BamdE” . [A] A
BN HAEA R 2B A T — RN R RS A AR R B A R R . BN wave
(PO 2R sound wave(F ) , T3 light wave OB s B T HL FHHL, XA T radio wave
(L H ) ,electromagnetic wave(HLEZ %) , microwave (54 , ultrasonic wave (G A ) L)
J long/medium/short wave(} /1 /Fa ) , e H 3 T &8 FBHC AT matter wave (9 %) &5,
X S S ) AR — KR AR R S A R — IR 2 L

1.2 T EIBEE
1.2.1 Introduction(8|=)

We begin our study of the physical universe by examining objects in motion. The
study of motion, whose measurement, more than 400 years ago gave birth to physics, is
called kinematics.

Much of our understanding of nature comes from observing the motion of objects. In
this chapter we will develop a description for the motion of a single point as it moves
through space. Although a point is a geometrical concept quite different from everyday
objects such as footballs and automobiles, we shall see that the actual motion of many

objects is most easily described as the motion of a single point (the “center of mass”),

I
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plus the rotation of the object about that point. Postponing a discussion of rotation, let us

begin here with a description of a single point as it moves through space.
1.2.2 Space and Time(ft{a 5z ja)

Kinematics is concerned with two basic questions, “Where?” and “When?”. Though
the questions are simple, the answers are potentially quite complicated if we inquire about
phenomena outside our ordinary daily experiences. For example, the physics of very high
speeds, or of events involving intergalactic distances or submicroscopic dimensions, is
quite different from our common-sense ideas. We will discuss these interesting subjects in
later chapters. For the present we shall adopt the space and time of Newton—those
concepts we gradually developed as a result of our everyday experiences.

Space is assumed to be continuously uniform and isotropic. These two terms mean

> and that whatever its properties may be, they are

that space has no “graininess’
independent of any particular direction or location. In the words of Isaac Newton,
“Absolute space, in its own nature, without relation to anything external, remains always
similar and unmovable.” Every object in the universe exists at a particular location in
space, and an object may change its location by moving through space as time goes on. We
specify the location of a particular point in space by its relation to a frame of reference.

Time, according to Newton, is also absolute in the sense that it “flows on” at a
uniform rate . We cannot speed it up or slow it down in any way, in Newton’'s words,
“Absolute, true, and mathematical time, of itself, and from its own nature, flows
equably without relation to anything external, and by another name is called duration.”
Time is assumed to be continuous and ever advancing, as might be indicated by a clock.

Space and time are wholly independent of each other, though it is recognized that all
physical objects must exist simultaneously in both space and time.

Remarkably, many of these traditional ideas turn out to be naive and inconsistent
with experimental evidence. The world is just different from the picture we form from our
common-sense, intuitive ideas. Space and time, by themselves, are concepts that are
difficult Cor perhaps impossible) to define in terms of anything simpler. However, we can
measure space and time in unambiguous ways. We define certain operations by which we
obtain numerical measurements of these quantities using rulers and clocks, based upon
standard units of space and time.

For many years, our standard of time was based on astronomical observations of the earth’s
rotation. Because of the variations in the earth’s rotation, in 1967 the 13th General Conference on
Weights and Measures, attended by 38 nations, adopted an atomic standard for time.

Similarly, our former standard of length was the distance between two marks on
platinum-iridium bar kept at Sevres, France. In 1960, the fundamental length standard
was redefined in terms of the wavelength of light emitted during a transition between two

atomic energy levels.
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The standard units of time and length may be described as follows:

An interval of time. The fundamental unit is the second (s), which by international
agreement is defined as the duration of 9 192 631 770 periods of radiation corresponding to
the transition between the two lowest energy levels in the atomic isotope cesium 133.

An interval of length. The fundamental unit is the meter (m), which is defined
independently of the time interval. Before 1983, by international agreement the meter was
defined as exactly 1 650 763. 73 wavelengths of the orange light emitted from the isotope
krypton 86. In November 1983, the length standard was defined as the distance that light
travels in a vacuum in 1/299 792 458 second.

Certain older units of length are still occasionally used.

1 angstrom(A)=10"" m 1 micron (por pm)=10""m

universe T object LTIRN
measurement ) kinematics iz B2
motion of objects YR8 Bh center of mass JE0s
space and time i} 22 phenomena M5
intergalactic AR 0T (8] (1) submicroscopic VA WL F)
dimension INy;: subject W98 1 X 42
uniform AR isotropic A )[R Y
continuously ESEH graininess LY YR o
direction 5 1] location o1 &
specify L E frame of reference S &
simultaneously Eilioe:ih inconsistent with He ol R—2
define/definition E X meridian T2
general conference on weights and measures atomic standard JiF b U
SIS YN

former standard of length K B Jf bR ifiE platinum-iridium KA 4
transition KT atomic energy level JRFRER
isotope cesium GRS krypton 5
vacuum B angstrom B

1.3 TURFEAREET EAIR
toolbox T H.4§ nail hammer “FEAHE. K E] iR
handsaw F4g sledge hammer K4k ST £E
ball-pane hammer ¥Rk 5k pick %
ball hammer [l 3k/E double-bladed axe X J] %
axe hammer 5k cutting nippers 57 . % A

i
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nipper pliers ZRWEH!, BT 22 4} tape measure o/

crowbar #REK EBAT scissors BYJJ

nail  #R4T wrench/spanner {{F

coping saw = B4 adjustable spanner 1§ shiIF

chisel T double offset ring spanner 464 F
hand plane Il F inner hexagon spanner N/~ MAF
screw MRZZET pipe spanner & TIRTF
screwdriver 12%27] connection cover cutting pliers
gimlet T4k LAt

scoop H*F wire-cutting pliers & 22

triangle = f M insulated pliers 4 %%t

protractor = fA 4% metal wire pliers B £}

curved ruler MR electric drill ~ HL4h

adjustable triangle B P83 =M hollow drill  &5.0r 4k

T-square T 7R percussion drill i gh

angle square ffi] electric (soldering) iron Hi &%k
drafting machine F# MR stopwatch Fh3 | M (5%

dividers P HIHL
LESSON 2

2.1 MEFEURIENZRANLEN

211 &AMk

Py B2 Ay ST B P S R ORI A4 i A A RO R g sh iR A, AR
A2 18 TRl PR AR Y 44 1Rl 1 5 Ak be e 44 3Rl 4 9 AR 38 18 gl is) #0552l i) [R) AR a8 5] 19 44 1]
A4 — SEE 25 1R R U 0 44 1) . ok S ga) AT LGRS B 44 18] (19 4R AT, AT DA R IR IR I 3 iRl BB &
)T R IK I A S AR B S BN B A3 o AT AR A, 44 TRl S A A Y S K R T 44
) 1 4 TA) 1) 26, RVAE HC At 2y G R AR B SCEE L S R] O 25 1) 45 1) 28 T8 20 AR R 1k A, T
TE b e i B AR S e A0 Ry o 44 1) 78 2 X R I8 5 10

Tl ST B A UL A4 TR R R AR R BRI . PR O X A 2 4 B AT b )
FE A L, BB K AR S T RE SR A B R RN . R T —
A% AR 1

(1) We can assume a freely falling body moves in one dimension under constant
acceleration if we neglect air resistance.

TE % Ml e o v U 3 8 38 1

(2) The motion of a freely falling body can be assumed to be motion in one dimension

under constant acceleration by negligence of air resistance.
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TEX AL T 24 A R AR AN M7 . & e B (1) b T T 2l 3R 5% 4 D (2) w44 6]
F 18, HU B QD) R T ) I8 1 Bl iR neglect % 4k Sk 44 1) 25 K4 4 1] S 3 Ok 78 24 R0
Zead Z A B B (2) th B A P EIE A S A A R T RS — A R A B A
T ] 7 9 45 g S TR 25 7™ 48 A ey P il R 4 0 8 AR 8y PR A ) Ak 3 38 Tt /)
T A IE .

212 ZiEtkanE

B iA] 1 4% 1) A B AT DU R E 2

D g4

FE VU FPIE b, Bl 24 1) 1 44 1) 1 S ik o 10 sl am) 1 d5e 55 o Bl VR 44 3 3 — vk Ak —
A= S BORE & 98 Hh B VE FECR R A TS SR O Sl VR AR B 1 AT 2ok AR A ]

Analysis of projectile motion is surprisingly simple if the following three assumptions
are made.

2) gy P 44 10

B 1) 1 4% 1) 1) 4% ) M R 55— S T Sl i) 1 iR, ] T AR A N Bl R o AR R AR R K A Al
R I ] PR AN R

The analyzing of projectile motion is surprisingly simple if the following three
assumptions are made.

3) B4 A

Bl 44 1) 1 Sl iRl PR B SR — 28 fE sl R S AR i R L MR AE ML BUER — AT AR R AR EAT N
- LR (8] Pt AN i i 558 W7 LA T 36 44 17

Analyzing projectile motion is surprisingly simple if the following three assumptions
are made.

4) Fia A E X

B A E 2 44 I P e 55 L SRl PR AR . 3l iR R i 2R R — YA I T 1 Y R

Projectile motion of the ball needs to be analyzed now if the following three

assumptions are made.
213 RIFHLEMIEK

2 T AR5 1 1) I A A5 A ) - ) S AR T S AR IE R Ao A5 3R ) 67 20R B A i Y
. gl 24 TR AL S A AT

1) 2438 B1 2R 44 30 + A1) + 44 1)

e A5 AR v 25 A 1] = 44 1) 4 Y A 1) 6L 3 AR 2 B B AT O 44 TR 1Y Bl VR X G el gl A
M % 3 AT R 2 TR SCHE IR 2 vh e 45 502 S {68 Dk 11 44 1) 728 O Sl im) L A 0 T Bl i e R
HEKR,

The acceleration of the car is due to the force applied on it. Z 8 Aeik Z i T4 1)
EH.

It/A] i The acceleration of the car=The car accelerates.

I
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In the case of all freely falling bodies, gravity is essential in the change of the
velocity. JTAVEH HEKZ YK, & Z & RHEAFET],
F P the change of the velocity=the velocity changes.

2) A1)+ 44 36 (17 R 44 D

TR vh AT SR 24 18] 1 Sl AR 2 SORE X 58 8, 5 /) o 9 A 23 Z BRI A AE A — 5 132 4
K, RE R BN I IR B RURIE 45 IR Ak 20 B S5 A

A rigid body can change its position by translation or rotation. WL B )2 28 A DA
WA RS EI,

3) WE T B i 17y 44 18 (A A T

S 8 AR R DLORE 2 1 (30 B2 1) B He S 1

Kepler’s laws have found application for the exploration of the planets. JF3& ¥ & £
CaMARIERITE,

A a] B4R 7 People have applied Kepler’s laws to explore the planets.

W ZE R IE IR S find & X235z, HOREEAEN, BIREnt o] UAPE, K89 30 A .
do, keep, have, make, take, pay, show, perform,offer %, X4.

Friction o f fers resistance to the movement of the block. B4 7 Fa A3 KER )4z 5 ,
A offer JLP AR R A4 5 L, Rl & B AE M. A 7] LU : Friction resists the
movement of the block.

4) 55 Zfy i) Ay p [ 7 H5 BC

2 1R G54 5 Bl by k[ s £85I 00 R 20 < Bl + 3l ie] 44 18 4 45 4 4 A 1) 44 35 4k
ShAE . X BRSO B b DL — A Bl i) B R O B e . il .

make use of F| ] .do research for #F%%,lay emphasis on 5% , pay attention to ¥ &,
SR

5) 470 44 18+ FiE / N A)

TE 25 AT SRy 44 1) AT DL gl inl , 55 5 T A4 38043 — S A DL Y 3 B 2 4

I have a doubt whether the instrument works well. & HRE XU FiZIT R

ey a] LAk i T doubt whether the instrument works well or not.

6) %4 i)+ 24 18] (17 R 44 1))

TEMZE R b, 24 TR FE 3R 2 S Al R A B i B AE B AR R 2 45 i N7 X
AL B AR 2H L AT O 44 TR e e iR TR . A0

heat conduction F§#, rust prevention Bj4% , performance examination 4 G4 4

214 RZ1E1ka9TheE

A B W] DU R A RS P S 2 R e

IDNRERI: 4

f i ] T R ) A LD B ) R R 2 —  EOR UOS R iE S REME R . 4
) b ) R AT DA ) A 2 — SEOR B Rl AR A A B s, A B g v et . .

Kepler’s laws had been developed. For this reason, Newton could discover his laws of

motion.

10
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VL /) AT 44 1A 45 48 43 il 36 35 N the development of Kepler’s laws #ll for Newton
to discover his laws of motion,

v P X T A 44 1) £k 205 40 $ ) v R A 40k ke, DU 2

The development of Kepler’s laws makes it possible for Newton to discover his laws
of motion.

T LA ) 44 iR A Al Al A ACATHE AN 7 o — T SR L SRS S T L AT 4
BE 22 (A 5 M il I O 2R T A R A

2) WM hE

Yeif b A iR B 12, SR AU 2 5 5 A BHE U A E . 045 iR A0 AR >k B 3 in)
PRI A ok A 1 Pl 24 T AR B XS R D — RS 53 S IHE R AR DGR 2 535 )
DLAS Wi, AT 22 38 W A 20 W L L5 L sl e LA R A E M A%

If we substitute some rolling friction for sliding friction, we can considerably reduce
the friction.

B4 TR G5 J5 AT DL 2 45 m) 10 0 we, 3 TR .

The substitution of some rolling friction for sliding friction results in a very
considerable reduction in friction.

3) wEikIIHE

Lol S TE AT I AT 2 s B A IR R R S A T 2 A SRS B Y A 2 b
25 H SR RN B 25 18 2 N BE B AR 1 L X I A4 R AR T R R B A A T B, il

Last year 17 major changes and improvements were made toward making the lab even
more perfect.

XA T T RT3 change Al improve B4 WAL 3, il ek kA R, A0
B H Last year we changed 17 major things and improved the lab even more perfect. N
WAFAGE B A SN AR R

4) 1EIRE

Lol ST EORAE 8O IE TR F L 3 G 08— 28 44 ) AR 5 4, n] LR I R A9 1E C
FEHE

The engineers are confident about the motion of the “Shenzhou” spaceship from the
very beginning.

XA F A H 31 move 145 146 28 motion, (A A) F B AFAR IE 2. 40 2R Mo sl
The engineers are confident about how the “Shenzhou” spaceship moves... | 1IF 22 B KR
FEAIR

5) JEEIIE

H 44 Tl Ak 25 4 v R a ol Ak 52 44 0 BRI T DA BT i 52 SR 4R 1 32 A R ROARE S Ak fi
PHESCE R RIR TR, % AN AR b R R B G d S A e R A AR
P ALK A

We begin our study of the physical universe by examining objects in motion. The study of
motion, whose measurement, more than 400 years ago gave birth to physics, is called

kinematics. Much of our understanding of nature comes from observing the motion of objects.

I
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2.2 LT HEIERIE

221 Vectors(k &)

Many quantities in physics have magnitude and direction. Vectors are quantities with
magnitude and direction. Examples include velocity, acceleration, momentum, and force.
Quantities with magnitude but no associated direction—for example, distance and speed—
are called scalars.

A vector is represented graphically by an arrow drawn in the same direction as that of
the vector, and with a length that is proportional to the magnitude of the vector. When
the magnitude of a vector is given, its unit must also be given.

Two vectors are defined to be equal if they have the same magnitude and the same
direction. Graphically, this means that they have the same length and are parallel to each
other. A consequence of the definition is that moving a vector so that it remains parallel to
itself does not change it. Vectors do not depend on the coordinate system used to represent

them (except for position vectors, which are introduced later).

2.2.2 Properties of Vectors( & & M &)

In comparing vectors and performing other mathematical operations such as addition
and subtraction, we may translate vectors anywhere in the coordinate space for
convenience. We must be careful, however, to preserve their magnitudes and directions

with respect to the axes.

Vector Addition(& £ M%)

Two vectors are added graphically by placing the tail of one, B , at the head of the
other, A (Fig. 2-1). The resultant (or net) vector, C=A +B, extends from the tail of A
to the head of B . This is the so-called head-to-tail method.

An equivalent way of adding vectors, called the parallelogram method, is to move B so
that it is tail-to-tail with A. The diagonal of the parallelogram formed by A and B then

equals the resultant vector C, as shown in Fig. 2-2.

C
B
A
C=A+B C=A4A+B
Fig. 2-1 Head-to-tail method of vector addition Fig. 2-2 Parallelogram method of vector addition

The vectors have the mathematical property of “obeying the commutative law in
addition”,
A+B=B+A 2-1D)
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Vector Subtraction (X Z R %)
We subtract vector B from vector A by adding —B to A. The result is shown in Fig. 2-3.

Note that vector addition or subtraction can be done only when vectors are in the same unit.

Scalar Product (Dot Product) (#x#%/&FR)

The scalar product of any two vectors is defined as a scalar quantity equal to the
product of the magnitudes of the two vectors A and B and the cosine of the angle ¢ that is
included between the directions of A and B.

That is, the scalar product (or dot product) of A and B is defined by the relation

A « B=ADBcos ¢ (2-2)
where ¢ is the angle between A and B as in Fig. 2-4. A is the magnitude of A, and B is

the magnitude of B , Note that A and B need not have the same unit.

/

A
ﬂ
C=4-B

Fig. 2-3  Vector subtraction

Cross Product (Vector Product) (X #R/% %)

The cross product of two vectors A and B is defined to be a vector C=A X B whose
magnitude equals the area of the parallelogram formed by the two vectors, as in Fig. 2-5(a).
The vector C is perpendicular to the plane containing A and B in the direction given by the
right-hand rule, that is, as your right-hand fingers curl from the direction of A toward the
direction of B, the direction of A X B is given by your thumb (Fig. 2-5(b)). If ¢ is the
angle between the two vectors and n is the unit vector that is perpendicular to each in the
direction of C, the cross product of A and B is

C=A X B =(ABsin ¢)n (2-3)

C=AXB

Fig. 2-5

If A and B are parallel, A XB is a zero vector.

13
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223 Unit Vectors(BfI k)

A unit vector is a dimensionless vector with unit magnitude. Unit vectors that point in
the positive x, y, and z directions are convenient for expressing
vectors in terms of their rectangular components. They are usually
written as i,jand k, respectively (Fig. 2-6). For example, the vector

A i has a magnitude | A, | and points in the positive x direction if A, is

positive (or the negative x direction if A, is negative). A general
vector A can be written as the sum of three vectors, each of which is
parallel to a coordinate axis
A=Ai+A,j+Ak (2-4)
The addition of two vectors A and B can be written in terms of unit vectors as
A+B=A,i+A,j+Ak) +(B,i+B,j+B.k)
=A,+Bi+ A, +B)j+ A, +B)Dk (2-5)
The scalar products of the unit vectors are
ici=1, jej=1, kek=1, i+j=0, jek=0, k+i=0 (2-6)

The unit vectors i,j,and k, which are mutually perpendicular, have cross products

given by
iXj=k, jXk=i, and kXi=j (2-7)
iXi=jXj=kxXk=0 (2-8)
vector s magnitude KN
velocity T acceleration B
momentum o scalar b
proportional to ET parallel AT
position vector o B R & coordinate system Y TS
resultant/net vector G5 addition mE
subtraction W E equivalent MY
translate FE head-to-tail method =Mk
parallelogram method “FA7 UL diagonal X ff £k
commutative law A2 scalar product R
dot product J=¥1) cross product M
vector product K area TH X
right-hand rule F N parallel EAT
unit vector PR R unit magnitude AN
dimensionless ToE WY respectively 43 5]



LESSON2

2.3 TURIEFRREZE2 NHFRF

apparatus ¢ R AV machinery #L#F % & WL
appliance #sH. | H % mechanism  HLIEZE B
device #EFH plant  HUENL 3 E
equipment X% realia  ZHE  Z2E M
facilities W HH set (B & U4
gear JJH AHE tool T H

instrument X #% (L unit  2E o

machine HL#F ALK

a battery supply set Hi L 15 5%

a device for regulating temperature % il {iz B it 2% &
a hand-operated tool FT A

a remote-control gear IB{E%EE

acoustic analytical instrument 7 73 #1143

acoustical instrument 5 2L A%

adiabatic apparatus i3

adjusting instrument  J 5 {XEE LY %% B
all-purpose instrument 2 T. H 7 Bg{ %
altitude instrument = JE{YL

an air-conditioning equipment for fike---.- F 28 P8 13 %
an instrument for measuring the spectra & G5 (L 2%
arc-suppressing apparatus KHN%EH

beat measuring apparatus A5 X

bolometer & i #4 2 #%

bolometric instrument 485 &t

calorimeter & # it

cathode ray apparatus A% BF 210 25
chromatographic instrument/chromatograph & {4
current-measuring instrument MY %%
depth-measuring instrument M {R{Y

detecting instrument KL £ BRI #3

dial instrument 8 5F AL A7 2 B AL R

digital measuring instrument %520 &A%
displaying instrument F§ 781X %%

double-scale instrument ¥R AL

double-range instrument XU E 2L

dynamometer  JJRE it B I TA W Tt 8 S5t

echo-sounding instrument [0 73 #& MY

I
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eddy current instrument R AL A

educational instrument F2F{L#8

electric instrument  HE, T E A 3 B3

electrical appliance Hi#y B

electroacoustical instrument LA (I3 {2 4%
electromagnetic acoustical instrument B i 77 £ #%
electronic measuring instrument HL T &L 4%
electronic test instrument  H, F 3856 G5 {3 2%
electrostatic acoustical instrument FHL A 2# L 2%
electrostatic instrument it HL 204N 3

electrostatic measuring instrument  #f B 20 H1 38 5 e 2000 4L
electrothermic instrument #HL AU R

fine measuring instrument 5 &M & XA I % & H
first-order instrument — {3 %%

flow instrument it

humidity-measuring instrument 3 & &%
instructional instruments Z LA

insulation test instrument £ 2% CH, B MY 2%
laboratory apparatus SZEG X 2R CEE B

laboratory instrument 3256 =Y &%

laser distance-measuring instrument/laser range finder HOGMEE{Y
level instrument 7 TAIIT . 7K F-AY

levelling instrument 7K #ERS /KSR SEAY
measuring instrument &R I E LS
metrologic instrument 3 E{Y#

needle instrument $§ 51 F L #3

optical instrument G2 EY

photomicrographic apparatus o {8 IR AH 2% &
portable instrument {H#£ AL %

power plant/unit 3 J 2 H /HLH

precise instrument fH %Y 4%

radio instrument JGZE HL X &%

research instrument I E IR

resistance instrument B R

scientific apparatus/instrument B g8 /{0 F
scientific experiment package Fl2FsLH %5 H
sensing instrument R AAE | RO H

spraying apparatus W55 #s

supersonic thickness meter/gauge #8 M| JE{X
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surveying instrument &AL ZE 2L A
test instrument A% T B2 % 45
testing instrument R4

the latest research equipment BRI
visual instrument HALI{LEF

X-ray diffraction instrument X Hf£& A7 §F 4%

LESSON 3

3.1 MEFETUVRENIEEFS

311 ERMIMENT

L BEEAE N A is ] BB S E M SR 16 Rl A HAE Lk S i R L B
A VYRl — AR — ik 25 | — RO Sk i VL AE 58 BT

D — B AE

TE ) B2 B SCHR BE R b A B 22 A0 I 2850 — AR I ) DA 3 3k TG i 1) 42 1) ) 27 5
SCERL AR IR AR AE 5T H IR AT R A SR BT AR AR R A AT Y
JIT 5 10 LR A AN 52 I ) A BR A B S RUA — A T 58 R SE 8 L B0 R AR — 4
W AR 2 58 AL I Al ] — B B I 7 3R WD R Al AT AT o s #88 T LA A A ) S
AR AR, EEA LT =M,

(1) Fon—BatA L #, n.

As the electrons move, the surface charge density increases until the magnitude of the
internal field equals that of the external field, giving a net field of zero inside the
conductor.

If we now imagine the surface to shrink to zero like a collapsing balloon, until it
essentially encloses a point, the charge at the point must be zero.

(2) BUAEWF IR B,

A good electrical conductor contains charges (electrons) that are not bound to any
atom and are free to move about within the material.

The electric field is zero everywhere inside the conductor.

Work done on a particle equals the change in its kinetic energy.

(3) Kkl AT N, .

Much of our understanding of nature comes from observing the motion of objects.

The solutions of kinematic equations are usually obtained quite easily in a direct
fashion using integral calculus.

2) —fid £

FE 42 3 LT RUR 1 (09 5 L BUR W) A7 A J s, 2w O kA,

The result is the same as Eq. (7-1), which was calculated directly from Coulomb’s law.

I
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Unit One

The first capacitor was the Leyden jar, a glass container lined inside and out with gold
foil. It was invented at the University of Leyden in the Netherlands by eighteenth-century
experimenters who, while studying the effects of electric charges on people and animals,
got the idea of trying to store a large amount of charge in a bottle of water. An
experimenter held up a jar of water in one hand while charge was conducted to the water
by a chain from a static electric generator. When he reached over to lift the chain out of
the water with his other hand, he was knocked unconscious. Benjamin Franklin realized
that the device for storing charge did not have to be jar-shaped and used foil-covered
window glass, called Franklin panes.

3) — BeRE A i

TR 7R KR K A AT A B O, SRR R B AR A I T BRSNS,

In this chapter we shall use the energy concept in our study of electricity.

As we shall see in subsequent chapters, the concept of electric potential is of great
practical value.

If the uncharged conductor is grounded., what will be the charge distribution and
electric field near the slabs?

If a conductor is placed in an external field, the charges in the conductor will
redistribute themselves, in the meantime, the external field will also be altered by the
charge redistribution of the conductor.

4) BRAE 5E BN

FR O S R BR85S O AR, A

We have stated that ¢ and E are equivalent descriptions of electric fields, and have
determined how to calculate ¢ from E.

This problem has already been solved graphically.

So far our use of Gauss’s law has been confined to the situation in which no dielectric

was present.

312 FHAMENMES

JSAE A1) S e T A T SO T S T BN A TR TR, AN AE SO Sl with 2 3K0R
“yE A J R A B FR S B JE A (pale with anger)” ., T 78 B B2 22 0 A 58 S LAY 2 LA
FToR“TH TER”., M.

The capacitor is sprayed with aluminum to prevent rust.

Nowadays labs are built with large cranes and modern equipment.
3.1.3 FHAIpaaIEH
e Ao S T D NS =K ) Ao Tl e i U O SR S 71 D 0 W

The story of the quantum is the one of a confused and groping search for knowledge
conducted by scientists of many lands on a front wider than the world of physics had ever

seen before, illumined by flashes of insight, aided by accidents and guesses, and
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enlivened by coincidences such as one would expect to find only in fiction.

Since the beginning of the present century, an increasing degree of uncertainty about
the wave theory of light has been developing due to the discovery of the photoelectric
effect, the quantum theory, and a number of allied phenomena, and due also to a detailed
investigation into the nature and physical properties of the ether. Also, during this period
a great deal has been learned about the structures of the atom which is not altogether
limited to a wave picture of light. Hence the photon, or a light corpuscle, has been
postulated.

In announcing that “every particle of matter in the universe attracts every other
particle with a force inversely proportional to the square of the distance between the two
particles”, in showing that the one universal and comparatively simple law governs not
only the motion of the planets round the sun and of the satellites round their planets but,
probably, also the relative motions of all the heavenly bodies, Newton gave to the world a
truth the importance of which in all branches of human thought can hardly be
overestimated. Of value to science, of course, from microphysics to macrophysics. But
consider the effect on man’s concept of nature and of his relations thereto of realizing,
indeed, of having proven to him, for the first time that the physical universe is governed
by law, not by caprice; and if the physical universe, why not the biological universe, even

the moral universe.
314 ZEFEANESEIFE

A EMETE Bl R S T AT SO e RT Lh R 44 3R T 25 0 LR R L A e O ) A
Y. fE i b, % M E S B 8w S LT A

D —ARh b B 48 i o ) s 48 1 ] — A~ rpoc i) . 4

sound and light waves 7 HGIE . particle and wave duality R — 44

“Absolute , true , and mathematical time, of itself, and from its own nature, flows
equably without relation to anything external. ” 4 X /) | B 52 /), 5027 10 B 8], 5 H AR B 1
BT E Y AR AN AR A ARG .

2) — MM R S — A LD B R rhuGae .

analyze the efficiency and performance of machinery 43 #r MUK 1912 1718 0 M 2R

3) — LA BB A n] [ A — A~ BL B R rhusae) .

Scientists always check statements and make experiments carefully and objectively
to verify them. Bhaf 52 S T4 1R I 2 00 Hb A% X 25 Pl 138325, I LA TR) AR 1) 285 B 3 5k 552 36 o o LA
Lvalioe

315 [ ZEHA#INES

LB IR TR 2 = 2 — Rgahih A5 . X2 N D Wy B SRR O B A A B 5 A
WLHER . 35— PR 22 i 2 il S LR T A B R DR Il P o = A PR LA L 2R
PRS2

I
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Unit One

Attention must be paid to the working temperature of the machine. [ 2473 2 L 2% 1)
TAEREE

MifR /¥ : You must pay attention to the working temperature of the machine. #R1]
WAIRTE ML 0 TARIREE

W Ah S QAT R L b SCRE K AT BT E L O RISy, X W) s SR
FEJFEH . WETE BT 5P B SO 15

We can store electrical energy in two metal plates separated by an insulating medium.
We call such a device a capacitor, or a condenser, and its ability to store electrical energy
capacitance. It is measured in farads. HLHE P fif 77 78 FH — 48 2% A0 Jo% B O 0% 99 B 4 T AR B 1Y
IXRE 2R B AR O HL A A AR A AL RE RO BE D PO LA . FLA RO IN BE BAALR R (D

AR AN # S A A A

Electrical energy can be stored in two metal plates separated by an insulating
medium. Such a device is called a capacitor, or a condenser, and its ability to store
electrical energy capacitance. It is measured in farads.

X — B S 458 B9 215 29 O s electrical energy, such a device, its ability to store
electrical energy Fll it(capacitance) , Ef 1A EH TEZMFEL I HA TR EWAE . JEH
MEH . WA FE S R 1 B AL A5 % BT A ARG L 58 40 3R W Bl B 45 4 T A
(IRGE-SUNINEIE N

316 XKEFERMNG

F P TR 2L W A R ORGSR T A A A A R 2 H 2 RE R . LU
22 AT 5] 1

D) ARiE A

The body possesses a definite store of potential energy while it is in the elevated
position.

2) FE M4

Switching circuits are the ones that perform logical functions.

3) That 5|58y 4]

FE/m) 7 a] DGR E i R AMESEER . .

For example, in electric circuits it is often assumed that the relations between voltages
and currents are linear.

Stated in words, Ohm'’s law says that the steady current through any portion of an
electric circuit equals the potential difference across that portion of the circuit divided by
the resistance of that portion of the circuit.

4) BE [a] im) P A1)

i1 % [A] i8] what, where, how, which, who, whose, whether 25| 5 M\ 4], 78] T
LU T R A RAE SR . .

In order to determine whether a system is performing properly and ultimately to

control the system performance, the engineer must know what the system is doing at any
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instant of time.
The question whether the atom can or cannot be split up is known to have interested

scientists from ancient times.
317 KEFAREEE
K HEE B ORI CENRENZ —. WIS A LT IR,

D S ia) i iE

The forces due to friction are called frictional forces. B T BE 481 r= A= 1) J1 Bk b BE
.

2) B 4518 SO 45 18 Ji i

In radiation, thermal energy is transformed into radiant energy, similar in nature to
Light. FARETERR PN 4 Ve 57 15 6 AR (LAY 48 5 AE

3) Al i

The force upward equals the force downward so that the balloon stays at the level.
o] b1 5 5 10 R B 3RS B DU R B X — 5

4) FAS 3] AEATY R ik 1 Bl )

The heat produced is equal to the electrical energy wasted. FEAEMEE TR TH
HLRE

5) E i MA

The molecules exert forces upon each other, which depend upon the distance between
them. 3K E [ #AFTER T3 ROVE T L 3 88 07 1 /NG T e A1 =22 6] A BE S

KT EH N AL A thit— 2D ihig R 38 .

318 KREFEMIFRENDEN

L e SCRE EORAT SO Sk, G A KR . Dy AR A A 0 ) e QR S 1 N ) IR R
MDA P o3 i) ik S 45 4 AR AR T DA s 910 ) 5 A A s AR 45 b I D 5 A A
i)+ 2 44 1) A AU E T N BORTE R . XAERE DR R A R IR, iR T
& AT

A direct current is a current which flows always in the same direction.

A direct current is a current flowing always in the same direction.

LA FL R — R R U [ — 5 [ A Bl A O

When heat radiates from the earth, it causes air currents to rise.

Radiating from the earth, heat causes air currents to rise.

Pt o M BR AR S ORI A R BT

A body can move uniformly and in a straight line if there is no cause to change that
motion.

A body can move uniformly and in a straight line, there being no cause to change that

motion.

R AT B W iz S i S IR 4 W AR ) i B 2Rz

I
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Vibrating objects produce sound waves, and each vibration produces one sound wave.

Vibrating objects produce sound waves, each vibration producing one sound wave.

R Bl B 0 7 A PR, B — R B AR — A A

There are different ways which change energy from one form into another.

There are different ways of changing energy from one form into another.

K BE 1 M — MR 20 78 18 ) — PR 0 2% RS TR Y 7 125

When the radio waves are made to correspond to each sound in turn, messages are
carried from a broadcasting station to a receiving set.

By making the radio waves correspond to each sound in turn, messages are carried

from a broadcasting station to a receiving set.

1] 0 £ B IR AR IR W B — A 75 5 AR AR N AR AR L T BORE IR S A8 B I,
3.2 HAHEIFRE
3.2.1 Linear Motion with Constant Acceleration(Z il B £z 5)

A very common and simple type of one-dimensional motion occurs when the
acceleration is constant, or uniform. Consequently, the velocity increases or decreases at
the same rate throughout the motion.

For motion along a straight line, we choose a rectangular coordinate system that is
oriented so that one of the axes (for example, the x-axis) is along the line. Then,
components of position vector, velocity, and acceleration lie along this direction, and the
y and z components are zero. The vector equations then become scalar equations. If the
velocity is v, at time t =0, and v at some later time ¢, the corresponding acceleration is

o Av U T U vV — U,

_Bv _ _ 3-1)
VA — ‘ (

A Case in Point—Freely Falling Bodies

It is well-known that all objects, when dropped, will fall toward the earth with nearly
constant acceleration. In the idealized case, where air resistance is neglected, such motion
is referred to as free fall.

We shall denote the acceleration due to gravity by the symbol g. The magnitude of g
decreases with increasing altitude. Furthermore, there are slight variations in g with
altitude. The vector g is directed downward toward the center of the earth. At the earth’s
surface, the magnitude of g is approximately 9. 80 m/s’.

If we neglect air resistance and assume that the gravitational acceleration does not
vary with altitude, then the motion of a freely falling body is equivalent to motion in one
dimension under constant acceleration. Therefore our kinematic equations for constant
acceleration can be applied. We shall take the vertical direction to be the y axis and call y
positive upward. With this choice of coordinates, we have a = — g. The negative sign

simply indicates that the acceleration is downward. We get the following expressions:
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v=uv, — gt (3-2)
[

y*yo=‘vot*?gt (3-3)

vl — vt =—2g(y —y,) (3-4)

You should note that the negative sign for the acceleration is already included in these
expressions. Therefore, when using these equations in any free-fall problem, you should

simply substitute g =9. 80 m/s’.
3.2.2 Projectile Motion(#& 3= 5)

Anyone who has observed a football in motion (or, for that matter, any object
thrown in the air) has observed projectile motion. This very common form of motion is
surprisingly simple to analyze if the following three assumptions are made: (1) the
acceleration due to gravity, g, is constant over the range of motion and is directed
downward, (2)the effect of air resistance is negligible, and (3) the rotation of the earth
does not affect the motion. With these assumptions, we shall find that the path of a
projectile, which we call it trajectory, is always a parabola.

If we choose our reference frame such that the y direction is vertical and positive
upward, then a,= — g (as in one-dimensional free fall) and a, =0 (since air friction is
neglected). Furthermore, let us assume that at t = 0, the projectile leaves the origin

(xy=y,=0) with a velocity v,, as in Fig. 3-1.

y
v v
Pxy)
Yoy Y U
va
(2 :
0] Uy, v "UJ/! ----- No X

Fig. 3-1 The parabolic trajectory of a projectile that leaves the origin with a velocity v,

If the vector makes an angle with the horizontal, then the initial velocity and

acceleration have components

vy, =V,c0s 0 (3-5a)
Vo, =v,sin 0 (3-5b)
a, =0, a,=—g (3-6)

Notice that v, does not depend on v, and vice versa: The horizontal and vertical components
of projectile motion are independent. The velocity components and coordinates for the projectile

at any time ¢ are
v, =v,, =v,cos § =constant (3-7)

v, =v, — gl =v,sin0 — gt (3-8)

M
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x =wv,t =(v,cos )t (3-9)
1, . 1,
yszt*?gt = (v, sin ﬁ)t*?gt (3-10)

From Eqgs. (3-9) and (3-10), we conclude that projectile motion is the superposition
of two motions: (1) the motion of a freely falling body in the vertical direction with
constant acceleration and (2) uniform motion in the horizontal direction with constant

velocity.

The Total Flight Time (& %47t iE)
The total flight time T is obtained by setting y=0 in Eq. (3-10)

1 2
y :(vosinﬁ)T*?gT“ =0, T>0

The flight time of the projectile is thus
7 Zosin? (3-11)
g

Horizontal Range and Maximum Height(8tf2 5 & X & &)

There are two special points that are interesting to analyze: the peak with Cartesian
coordinates labeled (X /2, Y) and the point with coordinates (X, 0). The distance X is
called the horizontal range of the projectile, and Y is its maximum height.

We can determine the maximum height, Y, reached by the projectile by noting that at

the peak, v, =0. Therefore, Eq. (3-8) can be used to determine time ¢ it takes to reach

the peak
~ gsin 0
g
Substituting this expression for ¢ into Eq. (3-10) gives Y in terms of v, and ¢
visin®0
= (3-12)
2g

The range, X, is the horizontal distance traveled in the total flight time T. Using
Eq. (3-9) and noting that x =X at t =T, we {ind that
2vgsin @ 2v¢sin Ocos 0
g g

Since sin 20 =2sin fcos #, X can be written in the form

X =wv,cos0

B v sin 20
g

The maximum value of sin 20 is unity, which occurs when 20 =90°. Therefore, we

X (3-13)

see that X is maximum when 0=45°, as you would expect if air friction is neglected.

one-dimensional — 4y corresponding bOPIA:Y]
freely falling body H Hi V&4 alr resistance =S BH A
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acceleration due to gravity EipapiIBr¥;:a altitude [=E s
vertical direction B2 H 5 ) negative sign k=
projectile EiRYGN trajectory 305
assumption Bk negligible ] 2 W% 1Y
rotation Lz N]] air friction 23S R 4B
parabola iR/ parabolic trajectory ¥y £ 3
initial W46 1) horizontal 7K 1)
superposition =31 flight time KATHT[A]
horizontal range B maximum height BRREE

3.3 BUREFARZEEI RKE KA HERZFNEH

CRTRE KRR ERIRIC
at a complete standstill &b F F& 4 S MR A
at high temperature 7ERIE T
at/in/on/under... AbTFeeeee R
at low concentration ZEAR%EE R E) T
at rest  AbTHEIEIRES
at room temperature FEZE i
at the same electric potential FEAH R HL 3T
at work 1EFE TAEGE1T)
bring/put...into/to... ffALTF - R
have a high density B &% &
in a good state of repair #EB R RERY
in a stable state A4 FREIRE
in a state of disorder AbFZRAHL(FTF)RE
in a state of unstable equilibrium At FAEFa & M7k 24
in a suspended state AbFEH:/HIEARE
in danger AbFIERRAE 2 B fE Rk
in equilibrium 4t F MRS
in motion AL FEIPRE
in operation IEfEi&fT fEiatT (TAE)
in progress IEfEHFAT (FESATH
in suspension M&H BITFH &H
in vacuum FEEZIRET
on fire &K TEBRBE
on test 1EFEZEAZ A5 /MK
on the decrease IEFEWE /D
on the increase IFFEIEK
under construction 1F7E i

M
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under control AbFRZERE
under development EFEWFHIZ
under discussion 1EFETTEH
under heat treatment FE#HALHIH
under investigation fE A& H
under study FEWFFRH

under way 1ETEHEAT

2. R EBRIBEX”EREIC

obsolete  Fit & B BRIH Y behind the times JE B}, %0
old BKEIHM . A ZI1W fall into disuse Yk
old-fashioned ZZCAY i B AY out of repair K&
out-of-date ZXM B in disrepair A KB
timeworn [&IHT . &A1Y in poor condition JRHLAE
3. RREH B ERIRIC

remove Wt FH update fi BLACAL BB
renew (renewal) B upgrade 7% R
renovate (renovation) 3 ol in one’s place U

replace  BUC . Bk in place of U

introduce (introduction) 5l .44 A take the place of fUE

install (installation) %% % &

DL J2& — 28 B AR 1] -

An object at rest will remain at rest and an object in motion will continue in motion
with a constant velocity unless it experiences a net external force. {F{a ¥ AR £ 11 1
BT — 4% AN 2132 3 AR BRIEVE AR & BT A% g 38 i B U X R 2

Both Fermi-Dirac and Bose-Einstein become Maxwell-Boltzmann statistics at high
tem perature or at low concentration. FK-IKHL v 58 i1 FHE €6 -2 P B 3 458 11 78 & T sl 5 1K
R OL R A R 2 s - BUR % 2 gt

When no motion of charge occurs within the conductor, the conductor is in
electrostatic equilibrium. 53U & A 12 ST, T A0 AL Tl P iR S

If an object is instantanecously at rest ,is the force on it necessarily zero? fIlF—/~¥j{k
S — Wk ] J2 i 1 1 IS 28 BT 52 B W A1 T 2 75 b SR S W 2

Because the two spheres are connected by a conducting wire, the entire system is a
single conductor and all points must be at the same electric potential. H T X FIRBRBE
ST T UL RGEA A DT I A & A T A [ RS

If a body is acted on by a number of forces and still remains stationary, the body is
said to be in equilibrium. WIH— YA Z BNEA S A4E AT - 5 5 RS RATULZ D)
R4 TR

If the electric field were not zero, free charges in the conductor would accelerate
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under the action of the electric force. WG RNE , RN B M 7 7E B35 1 9 7E
Tz,

The pig-iron comes out of the blast-furnace in a molten state. 28R E AR H S,

Metal which is hardened by cold-working may be brought back to its original state/
condition by annealing. i3 ¥& I T 117 A8 A (%) 45 8 1T 30 i R PR & 2B ROk RS .

The engine should be under normal working conditions during the test. TEIX 5} &
LN AL T IEH BT IR

The surface of the liquid is under a tension. WK FMEELEK IERHT .

Thus renewal of equipment began. ¥t IX AL & TR EH T .

These were obsolete and had to be replaced with digital technology. X HF) T &
AR TH AL R Bl v o imi b B R G

Many old facilities have been updated since 2005. [ 2005 4F DIk 4 2 Bk 1H /)% it £
PR,

When we arrived here we found a very congested old system which needed total
renovation. 2 FATHN X BN, FoATT A I 22 G0 ok IH SCH 5 AL 5 2R AT DI It

They had to remove many lines and exchanges which were over 20 years old and
completely out-of-date. WATLFIE LT 20 Z4EM F il LK MBIHELREG T
DAk

This system will most probably be upgraded in the long run to a completely fiber-
optic cable route. X B RG I LH ST MU CLF L .

LESSON 4

4.1 MEZELEIFHEFES

Wy B e M e i B 32 AR AR AR L S B LR B SR AR AR R s A A
Wi R, RGIEIR A AR . N AR MR LR BUE TR F S D R SRR
LR R T B, LR AN 22 0 R IE ISR B s AT S X SE R i R A L AR AT S
X AR B SC 0 25 R PERE VTR AR A S AT U] . AR Rl S0 BRI SO R Ll
okl b R BRSO R EAE R B B OIS A . L S BAT P Bl L T L B DD B9
S TETE B R R  SEAE BR AR A A R TT SO A R B R U . O T B R
P R | B WP R R 2 KUK R i el il 2 as F AN T JLAR g e J7 5K

411 ZHEAEBBEXIRARTEMLR

2o JR R ) 32 B 1R 725 1R A0 because, due to, owing to, as a result of, for...
TR IESE YT but, however, nevertheless, yet, otherwise...

N FR il only, if only, except, besides, unless...

TR INT so, thus, therefore, furthermore...

F R R1% suppose, assuming, provided, providing...

I
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412 FH—EEERTIESIRE

FToReIE I K SR IR 6 A «first, first of all, second, secondly, third,
thirdly, next, then, before, prior to, after, after that, last, lastly, finally 5%, 7] F for
one thing, for another, also, in addition, on top of that, more than that, furthermore %,
Ah, A U0 when, where, which, and, by the time 58 ZE#/E IR W A HR .

One must judge a model by how well it meets two standards. First, is the model
based upon the best experimental evidence that we have? Second, is it good enough to
allow us to predict what would happen in a new situation that has not been investigated
before? WH| — A RLL ARG & A 2 RAFEBE AT F AR . O RS A 2 DL
TR AT 1 d5 A 52 B0 UE 48 Jy HAR SR 7 @B S A2 e LU TR AT RE B0 75 22 4> i A BIF 50 1 79 8
R TR =K AEA 2 EB 2

We have decided not to import the complete plant. For one thing ,it is expensive; for
another its reliability is open to question. AIEREAHOXEREXKLSLT . B EMN
& B Bt HOUR B R AT AR PR A ) R

Following are a set of procedures in making a scientific discovery. A problem must
first of all be recognized. Secondly . existing knowledge and theories about the problem
must be studied. On this basis, the third step is to collect factual data relevant to the
problem. Next comes the most important step of all: the formation of a hypothesis.
A fter developing a hypothesis, the next step is testing it. The last step is reporting the
discovery. F2E & MM L BEIR XA B Se 2 i A PR, B BFE 5 iR 8 X n AT
BYEE UG, TEICERAR b, 28 =20 B R AR 5Z IR G By Bk, 5 U D A L, R P AR
W, B XM AL, 5 JE R X — R KA Z TR

413 TEX

T SRR T HE — B A B ) B AR SRR AR A 1 T A A 29 TR A — R A T
Bio —MRUERE SCIE AR — E moA% =, B 0 SO ) = BiE LR AR 2R 0+
BiE SR YRR JE M Cn R e SR SR ) 2 mT A 1A B BOE 5 3R LA E T a
o, an) . # FH be, be called, be known as, be defined as, be referred to as... 25 &5#), .

A vernier caliper is a measuring instrument consisting of an L-shaped frame with...

YE L) BE SR Y BlE SCH W)Y R

E SO R OG Z ) CRR A 1 = 3 BR i 4 5¢ & g, 2 4dE ] ¢ & X3 who, which,
whom, that, whose %) B IEBR & 3 17 25 44 , AL 7T LR F 45 5 5038 B4 5 %0 i 2 SC i X 4 3
fride. .

The particles making up atoms are often referred to as elementary particles or
fundamental particles. 4 {5 T B0 F 38 5 R 8 AR T,

A force is an effect of attraction or repulsion between two bodies or particles. J1 &4
A BR8] 8 W 5 B HE e 2800

T30 AT 25 W B —a)3E E UG RN FEA BIHIE L L BB SRR i E SOB .
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Latent heat is the heat needed to change the state of matter of a material. While the

latent heat is given to the material,its temperature remains constant. ¥ #2228 9) 5t 1) 4
SPTEREE  2W) BT R WO AR IR B DR AR (P D

414 5k

Y b SR YA R S R 2 T 2 RE R SE e B DR i O A TR AR B R AT )
e e AT m A R A BB AT Z R X

XY AT AT AR R O R0 —HFY ;. O A R 268
@73 2 1 br HE BUR A

Ll T SR T E UL 3 RBUR A LU LR,

D) SRR RABUR A K CF ARG R M BiR = mrEE . .

Waves may be divided into two types based on the direction of the particles’
oscillations relative to the wave velocity: transverse waves and longitudinal waves.

MAA T LIER] . OB KB HEY N waves; OB AR N B Ff, B transverse
waves and longitudinal waves; @722 4KHE N the direction of the particles’ oscillations.,

2) NSRRI U] g £ B IR =R B AT E o R bR EEUR YR . .

Quantities in physics can be classified as vectors or scalars.

3) A MRIERE AR S S 0 A B — s B B9 R B Z o IR e B
w. .

All the different forces observed in nature can be classified as members of one of four
fundamental forces. These four fundamental forces are the gravitational force, the
electromagnetic force, the strong nuclear force and the weak nuclear force. For example,
the weight of the body is the gravitational force.

) ASERGPIE AR5 KN HAR KA TH s M (E m JLFP 2 B, iy g 26 AR TE QB2 L 51
BARRENREY ., .

According to their shapes, capacitors can be classified into several categories: parallel-
plate capacitors CEATHRHL 248 ) , cylindrical capacitors(JEAETE HL 25 %% ) , spherical capacitors
(BRIEHLAAS) s ete.

FE ) ) v, A Ul B L 2 2 BT LA LA R B, 28 T =iy DL Y, i LA
RN “ARE4 K7,

5) 203 MG —7r K E M — KW o3 s T 727 R 5 R R 5 — 10
28 ] U — 27 i T SE /N R S L BN 2R I GE aT LA AR SR 028, DL HE . FRATT
X B2 RIER A Z R, .

Synthesis techniques for nanomaterials, in general, can be divided into two broad
categories as chemical methods and physical methods. Under chemical methods different
routes, viz. , colloidal, capping, cluster formation, sol-gel, electrochemical, etc. , are
being followed. Physical methods mostly used are molecular beam epitaxy, ionised cluster
beam., liquid metal ion source, consolidation, sputtering and gas aggregation of

monomers.

I
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6) B s A Lk B AN A2 FRATT T DL A T 43 25 08), 4 divide, classify 58, H
A I SCE HORN B R R AR A A B A I SR DL IRATTRR B A2,

In physics sometimes we are concerned with the properties of substances, which may
be either physical properties or chemical properties. Physical properties of a substance are
those which can be observed or measured without changing it into another substance; for
example, its color, form, hardness and its melting and boiling points. Chemical properties
of a substance are those which describe its behavior when it changes into other substances,
e. g. when it burns or is destroyed by acids.

BARTEMAE R B A o3 2K i B R R AT ME T A XK = fE A
O# 42K F Y, properties of substance; @4 I ZEARY, physical properties M chemical
properties; @70 Z5f&K 5 . whether the properties involve any change from one substance to

another substance,or more substances.
—_-—— s A
4.2 EAEIEFIE

4.21 Circular Motion(& Bz zh)

Motion along a circular path, or a segment of a circular path, is called circular
motion.
If a particle moves along a circular arc, the direction from the particle toward the

center of the circle is called the centripetal direction.

Angular Velocity and Angular Acceleration( £ i & 5 £ fin & &)

Fig. 4-1 illustrates a particle undergoes circular motion about O. As the particle
moves along the circle from point A to the point B in a time interval Az, it moves through
an arc length As and the radius vector sweeps out an angle Af, which equals the angular
displacement. We define the average angular velocity as the ratio of this angular
displacement to the time interval At .

A9

=— 4-1
YT A
The instantaneous angular velocity, w, is defined as the limit of the ratio in Eq. (4-1)

as At approaches zero:
(4-2)

Angular velocity has units of rad/s, or s ', since radians are not dimensional. We
shall take w to be positive when 8 is increasing (counterclockwise motion) and negative
when 6@ is decreasing (clockwise motion).

Note that angular velocity is a vector. Its direction follows the right-hand rule,
perpendicular to the plane the particle moves in. That is, the four fingers of the right hand
are wrapped in the direction of the moving particle, and the extended right thumb points in

the direction of w (Fig. 4-2). Angular velocities, when they add vectorially, follow
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parallelogram rule for vectors.

Fig. 4-1 Fig. 4-2

If the instantaneous angular velocity changes, the particle has an angular acceleration.
In analogy to linear acceleration, the angular acceleration @ is defined as

. @ T Wy AN ) d ()]
a =lim =lim =—
A0 At a—0 At dz

(4-3)

Angular acceleration has units of rad/s’, or s °. Note that « is positive when w is

increasing in time and negative when w is decreasing in time,

Circular Motion with Varying Speed (ZE & B Fizzh)
Let us consider the motion of a particle along a circular path where the velocity
changes both in direction and in magnitude. In this situation, the velocity of the particle is
always tangent to the path; however, the acceleration vector a is now at some angle to the
path. As the particle moves along the curved path, the direction and magnitude of the
acceleration vector, a, may change from point to point. This vector can be resolved into
two component vectors: a radial component vector, a,, and a tangential component
vector, a,. That is, the total acceleration vector, a. can be written as the vector sum of
these component vectors:
a=a,ta, (4-4)
The tangential acceleration arises from the change in the speed of the particle, and its
magnitude is given by
_do
Cdr

The radial or normal acceleration is due to the time rate of change in direction of the

(4-5)

a,

velocity vector and has a magnitude given by
a, = — (4-6)

Since a, and a, are perpendicular component vectors of a, it follows that a =

Jai+a?. As in the case of uniform circular motion, a, always points toward the center of
the circle. The direction of a, is either in the same direction as v (if the speed v is
increasing) or opposite v (if the speed v is decreasing).

Note that in the case of uniform circular motion, where v is constant, a,=0 and the

i
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acceleration is always radial. Furthermore, if the direction of a does not change, then

there is no radial acceleration and the motion is one-dimensional (a,=0, a,#0).

4.2.2 Relative Motion(#8 X3z 1)

In this section, we describe how observations made by different observers in different
frames of reference are related to each other. We shall find that observers in different
frames of reference may measure different displacements, velocities, and accelerations for
a particle in motion. That is, two observers moving with respect to each other will
generally not agree on the outcome of a measurement.

Suppose a person on a moving vehicle (observer A) throws a ball straight up in the air
according to his frame of reference, as in Fig. 4-3(a). According to observer A, the ball
will move in a vertical path. On the other hand, a stationary observer B, standing on the

ground, will see the path of the ball as a parabola, as illustrated in Fig. 4-3(b).

(14
' 5} .. Path seen by
s Pa};h seen by : 0. ®  bserver B
observer A d °
® ¥ b4 ®
? ° ? o
49 ﬁ %
. " v
(a) (b)

Fig. 4-3
(a) Observer A in a moving vehicle throws a ball upward and sees a straight-line path for the ball;
(b) A stationary observer B sees a parabolic path for the same ball
In a more general situation, consider a particle located at s ¢
the point P in Fig. 4-4. Imagine that the motion of the

particle is being described by two observers, one in reference M

frame S, fixed with respect to the earth, and the other in 5 ol
ut

reference frame S', moving to the right relative to S with a
constant velocity u. (Relative to an observer in S', S moves Fig. 4-4
to the left with a velocity -u. )

We label the position of the particle with respect to the S frame with the position
vector r and label its position relative to the frame S’ with the vector r', at some time 7.
If the origins of the two reference frames coincide at ¢ =0, then the vectors r and r' are

related to each other through the expression

r=r+ut 4-7)
If we differentiate Eq. (4-7) with respect to time and note that u is constant, we get

dr dr’

= = 4-8

v + P (4-8)
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v=u+ v (4-9)
where v’ is the velocity of the particle observed in the frame S’ and wv is the velocity observer in
the S frame. Egs. (4-7) and (4-9) are known as Galilean transformation equations. They relate
the coordinates and velocity of a particle in the earth’s reference frame to those measured in a

frame of reference in uniform motion with respect to the earth.

circular motion [5 Ji iz 3 centripetal IR i}

arc length [IG5S angular displacement KR4

instantaneous angular velocity radian(s) IR
IR ) 338

dimensional =N counterclockwise SUNiNES

clockwise Ut E circle

center of a circle N vectorially K

angular acceleration £ B B tangential acceleration Y] w1 i 1

resolve (i) o i uniform circular motion &) # |5 J& i 3)

radial 12 1] 19 radial/normal acceleration % [n] i1 38 J&

perpendicular TEH W observer WL #H

outcome 4k measurement bR

stationary k) differentiate (&

Galilean transformation A i A%

4.3 TUREEAREZE4 AR HR HHYy RE RE
1. RIACER MBS TR R &

component B> 415 (E A composition & 4L KA

constitution FI& 2 AL constituent Ji4; R

content N . formation JE A A4

ingredient  h{4> ., Hic B} make-up ZH K K3

2. RIE“AK K . BS"HNERAA

component assembly FE:2E R shock wave formation ¥ &

component part %5 44 E microscopic constitution i {20 41

component wire (HL40) R4k structural constitution Z5#4) il 43

bath composition i, fif W 47 component (of) velocity 437 &

composition of forces JJHIE component sine waves 1F 5% 43 i

alloying ingredient & 4443 pressure component 43

crystal formation 4% & . A 2k A% composition metal F 4

formation of n-p-n junction N-P-N %% composition of radiance %8 5%
zE moisture content ¥R FKE

(I
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formation of image W& chemical constitution fb22 0 (Z544)
isotopic constitution [6]{ Z A4 pulse formation Jik i BYTE A%
molecular constitution 431 45 (§4) 1)

PATF o — 26 B 1 4] 5

The factory produces components for aircraft. XA~ T.J A 7= KM A G4 .

The composition of cast-iron is different for different purposes. % ¥k B9 i 43 B F & B9
AR A B AT

The carbon content of wrought-iron is very low. kIR & &R,
Ferrite and carbon are the constituents of mild steel. 4SRRIk FE B 19 W5,
The moisture content of the cylinder increased. JRETAI/K &I T .

The chemical com position of water remains constant whether it is in solid, liquid or

gaseous state. T AL T ES GRASBAE KB F o BRI R A AR,
3. RILHER VRS THE BhiRMEE

be combined into... A H AR compose 41 K K

constitute ZH % 4 AL form 418 4 WL

make up ZH A KL be composed of... Hjeseeer 2H 1%
be made up of... Hyeeeee 21 i, be sprayed with... HJ:ecee- I B
consist of... Hyeeeee 2H 1, comprise  [eeceer 2H 1

contain L% fLHE

DL J2& — 28 B A 451
be sprayed with a metal coating WiH# —ZE4&/R
M B — 2 Uk

A hydrogen atom consists of a single electron moving round a single proton. — >4
J S B — N LS8 — A B e A i

All substances on the earth, whether gaseous, liquid or solid, are made up of
atoms. HiIK ERTAT W9 B ICI8 B AT S 0 BAS 1Y B0 [ AR 00 L A= il s 2

This physical instrument is com posed o f several different parts. X 59 BALES i LA
AN T) £ 38 A7 2 2 17T

Steel is com posed of iron and a number of other elements. 892 i £k 135 T Fh H Al T
EApIAiup

Fermi-Dirac statistic is a part of the science of physics that describes the energies of

be sprayed with a coating of paint

single particles in a system comprised of many particles that obey the Pauli Exclusion
Principle. $% K-k £ 50 58 11 52 W) B2 19 — B 40, & R 8 o 328 < Y6 1) AN AR 25 Dt 2 1) 22 b
F R R GE I BRASRLF RY RE A

The technician made up a bottle of dilute sulfuric acid. $AR N R B E T — R .

Brass consists of copper and zinc. 8% 8 B £ R %

The atmosphere comprises a number of gases. K< M1 £ Fr S AEH AL,

The electro-magnet com prises a soft iron core shaped like a horseshoe. Hi, #8645 —
e 1 B8 0 3RS



LESSON4

Cast-iron is made up of about six different substances. #54k K25l 75 F A [F B9 %) &
R

Sometimes two different types of machines are combined into a complex one. £ B
BAFE AL — & IR LA .

Ferrite and carbon make up mild steel. 8544 FN AR 4 B A o

The alloy contains 10% nickel and 8% iron. X-&4&A 10 % I 8 %5 4k,

The rare earths comprise the series of elements in the sixth row of the periodic table
stretching from lanthanum to ytterbium. #i £ (76 %) A1 35 70 2 JA W £ 55 /<47 w0 B9 M4l 2] 4%
—FRINITTEK.

4. “RES . MRHERRE

% A fine, high, good, better, best, top, first-class, first-rate %], L 7] 354
standard quality £7& bR dERY T

choice quality & 1&g

a fine quality of... BT«

a good quality stop watch —— b i & (115 3%
products of quality L= 5

quality concrete =2/ IR EE+

be superior in quality i &t &F

have quality i &4

of good quality 25 ALY

5. “HAREBEEXR"HWERARIEZE

reach the (official) standard K| CEJT) HrifE
maintain the quality f##F64& F&

meet the (minimum) standard &3] (K Fr i
be up to the standard (grade, category) ik#x
come up to the standard I5#R

make the grade 3XE|(BHAEDFRUE & F (&) ER

6. “BE—M®"HERARIE

fair quality Jim 4T

acceptable quality T 257 i) il &

above the average quality & T3 15 /K
7. “BEABE . HEENEAHWERREZ

be borderline FEARUEHE

have a borderline result %55 il 55 98 4%

8. “MER.Z"HNERAKIE

% bad, poor, inferior ZEia] 4, ¥ W] Ui

off quality FhJRZE

I

35



%Unit One

below standard K FFr4E

not up to standard AR IEFR

below the average quality T35 & K
out of grade Riktp

of poor quality 4% .45 B
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5.1 #WEzx=LHEIFFHILE

TEY B o, 2800 5 B T E S ) 2 4 8RO 06 e AT LU B U . R AATTIAR
B S — A BRSBTS 2 8] AR UL A [ =2 Ak 3 e 2 BT B i 4 52
AR LEA Ty LA sl 2 (9 2R PG . Sl P I LB EE N R T\ R SRR O A HO R 1 R BUE
2 I LAIE Wy At AR 3k L 5 45 4 K HC AR I T8 9% A b B i 2 T AR L Bl L TT
VA BRAS A A 49 2 (4] B4 R ) AN ) A BT A R B A =y 9 P o L o I E TR AIR
ROT 5 A RO BARR) T R 528 LA R WL A LEACHIN LE

511 [EFLER

P WX QAR BT AR AR S D7 AR ESOA ] . A5 B UR .
1) as...as  (Fleweeee—FF)
The lightning rod is as good as any other. Xt 5 &1 5 H Al AT o] — F skt 55 £ — AL 4

2) be identical with, be the same as, be equal to  (Fll+++-+ AR
The TV set uses the same capacitor as that one does. X 5 HLALHLH B B 25 28 F1IE &
—FE,

The rating of this engine is equal to that of Toyota motor. X & k& sh#L i) % & {8 5 3
B H A S WL #UE (55 [

3) no more(less)...than... (Flleseeer—FEA oeeee %N A REIIRED )
Rubber is no more conductor than glass. MBI —FEAA 254K,
AL R IR B IE A

As (Just as)..., so... (Flleeeee—ff, ceeeen L eeeees )

The same thing is true of...  ([AJ4f«e-e" i RTRID )

Like (Similarly, Likewise, In the same way)... ([F]#f---- )

A and B have/share several things in common. A 1 B A JLA~3: 6] &,

A and B are alike/identical/similar/the same (in design/in every respect/in most
respects). A FIl BOEBIT b /764 —J7 /16 R 2 807 ) H&/ — B0/ 2K/ —FE.

A like/as B has/have/is/are C. A fll B —##,#8& C,

A bears some close resemblance(s) to B. A il B A —SHi LIz 4k,
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There is little resemblance between A and B. A F1 B ¥% & FH L Z AL,

A do/does/be..., so do/does/be B.  (A«---+ ,B e )
A do/does/be not..., nor do/does/be B.  (A-«---- , B AN eeees )
(As + N4 /5638 + 0] +as W]/ 5EIE - CFleee oo — e )

X Ee ) R IR 1] DL 5 — 26 gl A i B OR R R FE B, I 40 exactly. just, precisely. more or

less, almost, approximately, about, practically %,

512 ZE%ZHLLE

2 WBAREM I : A LB B E IR, MHRRART B, 5&E RS
“ALT B, HEMIEAA .

1) ...than... (L -eee — o)

The carbon content of cast steel is greater than that of mild steel. 58k AR & & 4K

W

2) ...not as/so ...as  (Flleseeer AN—FE, AU )
Water doesn’t have a boiling point as low as alcohol. 7K 3 & A U HE 1K .
3) be superior to /be inferior to ({5 F oo+ [ TFreeeees )

The power of the new engine is superior to that of the old one. X & # & sh#L i) T &
TIH.

513 HHILLRK

TR HARILR SR A2 2 b, HamE XA .

D) &+ B +than  (Heeeees EZS SRS )

Sound travels nearly three times faster in copper than in lead. 7 & 7541 9 09 1 4% 3 &
JUF 2y 3 4%,

2) Bi+as+ R +as, i+ the size/weight/price/number/age/that... (&2 /Deeeee- )

Jupiter is 1500 times as large as/the size of the Earth. KA & ZHERAY 1500 5K,

The effort is two thirds as great as the resistance. fEH J1 &M 1189 2/3.

3) Fon A w8 n & X AY 317 (decrease, increase, rise, exceed, grow, raise,
expand, go up &)+ (BEhN /LT e )

The production of various picture tubes has increased three times as against 2003. %%
b A 1 7 ik EE 2003 ARG T 3 %

The new invention makes it possible that small amounts of electricity can increase
hydrogen production from waste water 4 times. X3 & W 75 FE f R K $E B RY 7=
P 4 f5 I AT RE

The technicians tried hard to make the balloon expand its size 6 times. FZIF{T/R &K
B3 IR MR FE K T 6 %,

4) FTREEE LB (double, treble, quadruple) + i /FiE (BT - 5

Production quadruples this year. 24N T 3 7%,

38
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514 BHLLE

XA R R — RS W 18 LR, HEIEAA .

D) thet+ WEH A+ 7 /4] 7+ WK H the + KR+ A7 GBE-eeee e )

The thicker the wire is,the more freely it can carry current. F£R8HL , S H B A S .

A subject weighs less,the farther it gets from the surface of the earth. ¥ B Bk
T 8 7C F B

2) WA +and+ A GHRER--- - )

More and more new knowledge is discovered in physics. 48k 22 1) 4 B 2% 57 IR 9%
K.

More and more scientists today work for government sponsored bodies. 4> 3 # £
AR 27 5 R BUR SCHRFRIALR A%

3) never...enough, never too..., can’t...over/too  (F--- e ees L E AW N

You can never be careful enough when operating this instrument. F/EX & #8587
Y4 o

The significance of the invention can’t be overestimated. X~ % BB = X AE EREAL
A 2 &

515 ZERILE

R R E B N B R R M Bt — e — E RO T B B s R, A
F2 TR 25 18] R 1) Y e e R

The kilometer is the largest metric unit of measurement. T 2K & &% K B K il i &
A,

TR AR 22 45 LA ] 267 52 2 A ) i s L HOJ U010 & 7 1)l 1) AR B2 A [
ME . XY 22 55 LR S M P AR A A other B else,

Strontium titanate is far better as a dielectric than any other ones in the group. N

F A ST L TR 4 1L L A RS £
516 ZEHFEMEEER

1) more...than, less...than, better...than, not so much...as (5 H..---- AN eeeeee AN
Feveoo ] Jevee oo SRAH AT e e JT T e o)

His explanation about the Hall effect was more confusing than clarifying. fih%f F £ /R
LY ONAE N ERG S NC NS I T NG 2R 7 S

This material is not so much a conductor as a semiconductor. 5 H X Fhb £l 2 S 4
AN B 2 T A

2) prefer...to..., prefer to..., rather than... (¥ V=5 CITRE )

Physicists usually prefer idealized models to real objects when dealing with problems.
FE AL P 5] R, 9y 3 2 3 3 R FH B AR R A S PR A A

He prefers to carry out experiments rather than theoretical induction. i = ¥ 2 F i 3£

I
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5 N E IR
517 %k A#B

B A 5 B AR A 225 How A Ay

A is not as/so+JE A1 as B.

A is (totally/completely/entirely/quite) different from B (in every way/in every
respect/in its shape/that M /A]).

A (totally/completely/entirely/quite) differs from B (in every way/in every respect/
in its shape/that J\A]).

A can be distinguished from B (by its shape).

A unlike/as distinct from/as against B has/have C/ is/are C.

TGP

Heat waves are different/differ from light waves only in their wavelengths. # % 5%
Wiy 22 5 OB PR AN

Iron, unlike glass, is a good conductor of electric current. ZA[A] F I, & 2 H IR 1
(S5 N

5.2 EArFEIE R

5.2.1 Newton’s Laws of Motion( & $fiiz =) E &)

The purpose of classical mechanics is to provide a connection between the acceleration
of a body and the forces acting on it. Keep in mind that classical mechanics deals with

" m) and move at

objects that are large compared with that dimensions of atoms (=10
speeds that are much less than the speed of light (3 X 10° m/s).
In this chapter, we describe Newton’s three laws of motion and begin using them to

solve problems involving objects in motion and at rest.
5.2.2 Newton’s First Law(4 5 —E &)

A modern wording of Newton’s first law of motion is:

An object at rest will remain at rest and an object in motion will continue in motion
with a constant velocity (that is . constant speed in a straight line) unless it ex periences a
net external force (or resultant force).

In simpler terms, we can say that when the resultant force on a body is zero, its
acceleration is zero. From the first law, we conclude that an isolated body (a body that

does not interact with its environment) is either at rest or moving with constant velocity.

Inertial Frames (114 &)
Newton’s first law is sometimes called law of inertia, and it applies to objects in an
inertial frame of reference.

An inertial frame of reference is one in which an object, subject to no force, moves



LESSON5

with constant velocity. That is, a reference frame in which Newton’s first law is valid is
called an inertial frame.

In effect, Newton’s first law defines an inertial frame of reference. A reference frame
that moves with constant velocity relative to the distant stars is the best approximation of
an inertial frame. The earth is not an inertial frame because of its orbital motion about the
sun and rotational motion about its own axis. However, in most situations we shall
assume that the earth is an inertial frame.

Thus, if an object is in uniform motion (v = constant), an observer in one inertial
frame (say, one at rest with respect to the object) will claim that the acceleration and the
resultant force on the object are zero. An observer in any other inertial frame will also find
that a=0 and F =0 for the object. According to the first law, a body at rest and one
moving with constant velocity are equivalent. Unless stated otherwise, we shall unusually

write the laws of motion with respect to an observer “at rest” in an inertial frame.

5.2.3 Newton’s Second Law(4fi % — &)

Newton’s second law answers the question of what happens to an object that has a
nonzero resultant force acting on it.

Newton’s second law of motion is:

The time rate of change of momentum of an object is equal to the resultant external

force acting on the object.

dp dGmv)
p=SP Y 5-1
2 dr dr D
where p is the momentum of the object as the product of the mass, m , and the velocity, v
p =m0 (5_2)

Eq. (5-1) is the most general form of Newton’s second law, which is valid in any
inertial frame of reference.

If m is treated as a constant, then Eq. (5-1) can be expressed

_dp _dGnw) _dv .
EF— P =m & =ma (5-3)

which can be stated as the acceleration of an object is directly proportional to the resultant

force acting on it and inversely proportional to its mass.
524 Newton’s Third Law(&4 % = E &)

Newton’s third law states that i f two bodies interact, the force exerted on body 1 by
body 2 is equal to and op posite the force exerted on body 2 by body 1. That is,
F,,=—F,
This law is equivalent to stating that forces always occur in pairs, or that a single
isolated force cannot exist. The force that body 1 exerts on body 2 is sometimes called the

action force, while the force of body 2 on body 1 is called the reaction force. Either force

M
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can be labeled the action or reaction force. The action force is equal in magnitude to the
reaction force and opposite in direction. In all cases the action and reaction forces act on

different objects.
5.2.5 The Four Fundamental Forces(PdF & & /1)

All the different forces observed in nature can be explained in terms of four basic

interactions that occur between elementary particles.

The Gravitational Force(5| 771)—the force of mutual attraction between objects

Newton’s law of universal gravitation states that every particle in the universe attracts
every other particle with a force that is directly proportional to the product of the masses
of the particles and inversely proportional to the square of the distance between them.

.
Gm,m,

F=""" (5-4)
r

where G=6.67>X10"" N » m”/kg® is the universal gravitational constant.

The Electromagnetic Force (F# 71)—the force between electric charges

This class of forces includes electric and magnetic forces. The electric force binds
atoms and molecules in compounds to form ordinary matter. It is much stronger than the
gravitational force. Coulomb’s law states that the magnitude of the electrostatic force
between two charged particles is
_kaa:
==

where £ =9X10" N « m’/C’ is the Coulomb constant.

F

e

The Strong Nuclear Force (3&#% J1)—the force between subatomic particles

This force holds the nucleus of an atom together. All nuclei except those of hydrogen
contain electrically neutral neutrons and positively charged protons. The charged protons
repel each other. It is the strong nuclear force that counteracts the repulsive electrical
interactions. Note that the nuclear force is extremely short range and its strength

decreases very rapidly outside the nucleus.

The Weak Nuclear Force(§§ 1) —the force between subatomic particles during certain

radioactive decay processes

The weak nuclear force is a short-range force that is responsible for a common form of
radioactivity called beta decay, in which a neutron in a radioactive nucleus is transformed
into a proton while ejecting an electron and an essentially massless particle. The weak
force play no direct role in the behavior of ordinary matter, but it is very important in

interactions among fundamental particles.
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surface tension tester

pendulum wire
dynamic meter M J7if
ballistic pendulum
simple pendulum H#E
fiz: 5

poise/weight

(running) time meter/timer

Jolly balance £&F|FF

micrometer

JE %
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HETF 1Y

56k
AR
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BT
AR T

1 5k 7790 %E X
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5.3 TURIEFRARZEZES NFEERHLHMS

approximation S\
inertial frame of reference HitES % %
act on=exert ODYERTF
nonzero EZFM
mass JoT
momentum i
interact AHEAE H
opposite AH B AH X
isolated PRAL Y
universal gravitational constant
TTA 51 1% %

electric charge FL o
molecule nF
bind R
electrostatic force e N
strong nuclear force 58 7
hydrogen el
neutron ¥
repel HEF
counteract i
weak nuclear force LD
radioactivity TP
beta decay B AR
massless Jo &

stopwatch FFE

torsion pendulum 4%

viscometer Zf 1T

gas density balance A% ERE

balance/scale K3

standard line meter ZRZKRN

pressure vacuum meter JE B2 R

vernier caliper

527 N

pendulum weight/bob  #24E
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standard meter HFRifERR tweezers T

gear N torsion balance ¥l 1 X HFE
ticker-tape timer 487 F1 &5 1T 8% air track KB FH

spring balance i ZEFF barometer S JEIT

analytical balance 4347 KF balance reading glass K-
psychrometer TFi{RiT pressure meter/gauge JE 73T
measuring cup/graduate & Young’s modulus tester 4% [ &I 22X
densimeter #JFit.LET balance spring/hair spring i##

centrifugal pendulum/centrifugal governor/centrifugal speed regulator B5.0> 1 3 %%

graduate, graduated/measuring volumetric cylinder A4

physical/compound pendulum & 2 4 #i

target collision experiment facility filf 48 ] #0 SZ 5L

moment of inertia detector ¥4z {5t & il & X

new type of simple pendulum experiment facility 5 B IESZ 56 (Y

coefficient of liquid surface tension detector JRAKZEHE ¥ 1 & B0 E AL

shear modulus and moment of inertia experiment facility V] A8 & & 5 % 3 15} &2 52
B A%

general experimental sound velocity measurement instrument 5 33 il & 25 & S HAY

viscosity of liquid drop-ball tester % BRi% W&AA Zh i 2 B0 & AL

simple harmonic motion and spring stiffness coefficient experiment facility & 1Rz )

5 5 S AR AR AN

&l
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6.1 HIBFEE A IZEIEFRYZEG]Fn 5] 5

6.1.1 24l

2 e L T th R R WA R BT B BREE N T B R E AR S M s T R IB
P 5 B 5 B TR R — 7 i R B — 2D R U A . 2 R DL A R B
FUBAMA B4 A g T EE CAZ s

TE Ll B ih o 28— M TR T 58 XaE B — WS 2 5. A IR T
R AR R — 2D il B G M UL B SRR b L SRR T R

25 Bsf i 30 i g AL

For example... B G e ee

For example BE AT LICEA) 1, ] OIRZEA] b 7ER) i I, RE 5 T A 12 5 5 1
TEA) I TS R IZ S I A AT s W T DUBCEE BT 5 5 T RO 3T 5 AR B 3o i R
Wi B . For example & A7 & 1 BYVE T . AN RE I B P A 7041

e. g. ... B e ees
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e.g. =P T 15 exempli gratia 455 , & N for example, [H AU for example IE =, fiff
FHB — AR 4G5 N

take... as an example Lleeeee- Wkl

take... for example Lleeeee- 151

For instance... il G eeeeee

5 for example FE—#£, {8 for instance b for example 2% | 55 B Lk |
common/typical examples are... F WAY/HLFAG ) F oo een
an even more dramatic example is... — B4R TReeeeer
examples of which are... J& FILFPIRIH)H+FF - oo

use an example to show... FI—/HlFZLBH oo

an example of... — > AYHF

furnishes a good example of... LT —>- - BB F
like... f§eeee

afford an illustration of... &ML T —A>eeeee By 5] 5

a case in point A4 1% F

as an example ) 40 2445 K 15

as an illustration {F A SZ M4

as demonstrated by... 0

by way of example Il 41, 245 5 1%

illustrated with... Hje-e-e 245 15 ]

including A& A6

involving fFE

like 2

range over ¥ K GLFE

say L ANUR

something like... G55+

specifically EL{&Hh

such HWIILIER

such as il &0

take the case of... Lheeee- hy 15l

to illustrate by an example 21}t ]

DL J2 — 28 B 451

Waves transport energy and momentum through space without transporting matter.
As a water wave moves across a pond, for exam ple, the molecules of water oscillate up
and down, but do not cross the pond with the wave. I 3h H A& 4% fg & M 3l &8 1 A 1% 5% i
IR N ) 58 P ) 1 R S s Rl ol 12 RX (E P N & S U 8

Take the spring system as an exam ple. A block attached to a spring on a frictionless
track moves in simple harmonic motion. LA 2 58 M|, — /55 508 A7 2% e Y i Biid
AR 12 Sl IS 5l
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Mechanical waves are waves that disturb and propagate through a medium; the ripple
in the water due to the pebble and a sound wave, for which air is the medium, are
examples of mechanical waves. MBI &L 3l 78 G5 A AL 38 T2 5% 0 0% L A 3k 6 A K HOE B
AP LA 2SN 1 75 AR = AL 18 191 -

To illustrate this, we take temperature for exam ple. T [ B b3 F AT DUIR JE Sy 4]
i,

Another method that can be used to obtain the potential due to a finite continuous
charge distribution is to start with the definition of the potential difference given by
Eq. (8-7). If E is known or can be obtained easily (e. g. from Gauss’s law), then the line
integral of E « dr can be evaluated. &4 53 &b —FpJ5 ik AT DL FH R K A BIR 3% 25 40 A F g )™ A=
0 L B IR 2 AT 5 AR (8-T) i LR i3 22 . iR LYy E EANEE T LLAS B oR A5 (4 i )
s goRi) B4 E « dr LB IR T .

When, for instance, we hit a nail with a hammer, we expect the nail to move. 41,
MIAT B T TR 7 I AT URET TR

The mutual inductance depends on the geometrical arrangement of the two circuits.
For instance , if the circuits are far apart, the flux through circuit 2 due to the current I,
will be small and the mutual inductance will be small. H. 85 WA [\l % 49 JLAT I AR AL B A
Ko BN, SR WA ] AR AT, R T, AR A1 2 57 A 0 2/ AT BB 23/

Electromagnetic waves are a special class of waves that do not require a medium in
order to propagate; it is the varying electromagnetic field that propagates through space,
examples of which are light waves and radio waves. HL#5 % & — Mok 2 0008, & &
oA T S 5 B 7 AR Y P 1% 3 1 S 1) AL A B N e s R e £ L ik

An even more dramatic exam ple o f longitudinal waves is sound waves in air. 255
149 P I R PN IR B — 1> B A= Bl i ] 5

Many machines vibrate because they have rotating parts that are not in perfect balance
(observe a washing machine in the spin cycle for an example). VFZ PSR ah, B
PR SR B AT A B B9 03 R AR R B P A A L A Sy — A AR T LAV — T 1 e I i 1%
AKHL

A common exam ple of the conversion of work into heat is movement with friction.
AR S ) — A WL ¥ R PEE R B

Some common exam ples of adiabatic processes include the expansion of hot gases in
an internal combustion engine, the liquefaction of gases in a cooling system, and the
compression stroke in a diesel engine. #f#id (1) — L8 W F L5 . ERPL N AR
NI Ve A RGN I SRR AL I8 A S BL I B R4 v A

We'll use an exam ple to show that if the heat-engine statement is false, then the
refrigerator statement is false. FRATAT LA — 4> 52 R 156 B, 4 2R ¢ T $AHL A9 156 92 2 5 1R
FR9 08 4 O T UK AR B D L A A TR 1Y

Another exam ple of such a forbidden process would be if all of the air in your room

spontaneously moved to one half of the room, leaving a vacuum in the other half. 34—



LESSON-6

AT BE & AR A FR B ) 2 . AR B ) PR S AR B SRR B B ) Y — 2 LI T 5 — 2B
THEHZRE,

The result shows that the capacitance is proportional to the length of the cylinders and
also depends on the radii of the two cylindrical conductors. As an exam ple, a coaxial cable
consists of two concentric cylindrical conductors of radii a and 6 separated by an insulator.
SRR ERIE L FWABATE SRR, PRSI o 16 1A [R5l T4,
o [i) FH 28 2% VA% T I8 180 i 1) v, 48 500 7T AR Ry — S

A nonconducting material, such as air, glass, paper, or wood, is called a dielectric.
AP BT, a8 RS, AR LAY BT,

A water wheel, turned by water flowing over a weir, furnishes a good exam ple of
potential energy being turned into useful mechanical energy. B ¥t /K i3 3005 5 (19 7K 48 $2 4L —
A5t B AL BE 1 A e 728 AT F AL RE Y 81 -

A city electric-power plant a f fords an illustration of complicated transformations of

energy. YRTH & HLJ b Rl A 0 5 24 06 & O BRI AR AL T 49 F
6.1.2 Flz

Yy B e it vh 22 22 F B 22 T A 25 9 51 2% L 401 4 ] — ) G 5L B Y 22 R L AR
B SEHE R — 25 B A AR SE R BIE TTIE AR A TN A Z TE] YOG R AN AR R A LA
eI A L3 O AT X B8 N A 2 T Y 5C AR AT LA S i P A 9 T T R S A AR L T A MR
I [V IS ST PR B 2R B L A 2 il 8 07 T 2 . K 28 TR FRAT T P
U b AT e e — B L AT SO F i R R R U AR B

PATT 3t e — 28 Lol e i v i DL B 2 7R 9 28 B id P 1

(1) 7R I3 T 5 B0 ¢ & )

additionally H4M.JimzZ conjointly  #Hi%E #b
afterward JEHK LG coupled with % [f]

again  FFIX equally important [A|FEEE %
alike  AHALLHD | [F) 4 1 first of all H4G

all the same [AJFE following this ZJ&

also .1 H .k Ah for a start Bt

analogous to  Z&{LIHh for one thing ® % .—MN
and 1 H 8.3 4b in addition (to) BRIt =Z b
another HAMA ., 55— in like manner [A]FE#

as well as L. Dh K& in similar fashion AHELHb
aside from(this) e LI AR in the first place E#].15H 5%
at first B2 .&Y in the same way [A]FEHb

at the same time [A]H} later on 53k

besides (that) gt 4h likewise [FA]#EHY

by the same token [F]4EH meanwhile [&] B
concurrently  [A] A next JH.IK

I
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on top of that /5 so forth %F%

once again FHIK so on ZEEE

once more fH—IK subsequently B . )53k
or BLHE then K5

over again HH—IKX to begin with Bt

plus FH together with % [d]
similarly 25121 what is more T H.

simultaneously [A]Hf

Basically... Similarly... As well...

Both... and...

Either... or...

First... Second... Third... Next...

For one thing..., for another...

In the first place... Also... Lastly...

In the first place... Just in the same way... Finally...

Neither... nor...

Not only... but also...

To be sure... Additionally... Lastly...

1l 4 -

Whether a physical model is good or not should be judged by how well it meets three
standards. First, is the model similar with the original object in some specific aspects?
Second , is it rational to neglect the difference between the model and the original object?
Finally, is the model good enough to allow us to predict what would happen in a new
situation that has not been investigated before? —-/™4 FHAR B 2 15 5¢ 38 [ 1238 o H & 75
JE AR FNE . G X 5 AR R S B DT TARAL 7 U X A R A
] 11 2 S R AT 2 2 5 3 BRI AT 2 dem s XS B RL I A5 58 3 B n] DL 3R ATTAE i R W5 10
BT PR T R R RRE B A 1 0 AT T 2

(2) KBt LR

even more & more important 55 5 ) &
further ILAh E—4 moreover AN INZ
furthermore 1 H. .t 4h still B

Clearly... Then...

Generally... Furthermore... Finally...

In the first place... In the second place... Lastly...

In the first place... Pursuing this further... Finally...

On the one hand..., on the other hand...

(3) FREYT AL X OCR M

alternatively AEMiE#E . LB as opposed to 5o FHNF HE
although /R4 HK but fHZ
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by comparison LK nevertheless 48Kk At

by way of contrast PIAHXT L nonetheless AL (55%)
compared to  Heeeeeo A H notwithstanding &R &
contrarily 2 Z JAH b on the contrary 1FFH
conversely  #HJZ #h otherwise &N B AR
despite Z{%\)\i‘% rather than 227['35 ...... ﬁﬁ% ......
even so AR rather & HAAH R

even though Rffi still A58k

however 4R whereas R L2 )

in contrast SR yet SR

in spite of 4%
in turn N Z .G Fk
instead U LA A

Not... but... Aigee-e RTTET
Not only... but also... A{H:eeee ST =S
Sometimes... But not always... A Hfeeeee AR B v

6.2 T IRIEFEE

6.2.1  Work and Energy(Zh#188)

Work and energy are important concepts in physics as well as in our everyday lives. In
physics, a force does work if its point of application moves through a distance and there is
a component of the force in the direction of the velocity of the force’s point of application.
For a constant force in one dimension, the work done equals the force component in the
direction of the displacement times the displacement.

Energy is closely associated with work. When work is done by one system on
another, energy is transferred between the two systems. For example, when you do work
pushing a swing, chemical energy of your body is transferred to the swing and appears as

kinetic energy of motion or as gravitational potential energy of the earth-swing system.
6.2.2 Work(If)

In dot-product notation, the element work dA done by a constant force F on a particle
over a displacement dr is
dA =F . dr (6-1)

The work done on the particle as it moves from point 1 to point 2 is
"2
A =J F - dr (6-2)
1
Work is a scalar quantity that is positive if dr and F have the same signs and negative

if they have opposite signs. The SI unit of work and energy is the joule (J), which equals

the product of a newton and a meter:

M
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1J=1Nem
A convenient unit of work and energy in atomic and nuclear physics is the electron
volt (eV) .
leV=1.6x10"]
Commonly used multiples are keV (10° ¢V) and MeV (10° ¢V). The work required
to remove an electron from an atom is of the order of a few eV, whereas the work needed

to remove a proton or a neutron from an atomic nucleus is of the order of several MeV.

Work Done by a Variable Force (2= HHITN)

In Fig. 6-1 we plot a constant force F, as a function of position x. The work done on
a particle whose displacement is Ax is represented by the area under the force versus-
position curve, indicated by the shading in Fig. 6-1.

Many forces vary with position. For example, a stretched spring exerts a force
proportional to the distance it is stretched. And the gravitational force the earth exerts on
a spaceship varies inversely with the square of the distance between the two bodies. We
can approximate a variable force by a series of constant forces (Fig. 6-2). The work done

by a variable force is then

A =lim E F,Ax =area under the F,-versus-x curve (6-3)
Axr.—>0
— I | [~
I I I
I I I
| I ]
| | |
T T | 1 |
| I I I I
1 1 | ] I
i | P
I A=FAx P
i P
I I I
I I I
0] Ax X l_! H
Xy Xy o Xy AXi X2 X
Fig. 6-1 Fig. 6-2

This limit is the integral of F, over x. So the work done by a variable force F, acting

on a particle as it moves from x, to x, is

A :JJ‘Z F,dx =area under the F,-versus-x curve (6-4)

3

For each displacement interval Ax;, the force is essentially constant. Therefore the
work done equals the area of the rectangle of height F ,and width Ax,. As was shown
earlier, this work equals the change in kinetic energy for this displacement interval (if the
force is the net force). The total work done is the sum of the areas over all displacement
intervals. It follows that the total work equals the change in kinetic energy for the entire

displacement. Thus, A .= AE\| holds for variable forces as well as for constant forces.
6.2.3 Conservative Force and Potential Energy({R<F 71 ##E88)

The total work done on a particle equals the change in its kinetic energy. But we are
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often interested in the work done on a system consisting of two or more particles. Often,
the work done by external forces on a system does not increase the total kinetic energy of
the system, but instead is stored as potential energy—energy associated with the

configuration of the system.

Potential Energy (#&8)
Consider lifting a barbell of mass m to a height A. The work done by the gravitational
force on the barbell starts at rest and ends at rest. Because the kinetic energy of the barbell
does not change, we know the total work done on the barbell is zero. That means the
work done by the force of your hands on the barbell is +mgh.

Now consider the barbell and the earth to be a system of two

particles ( You are not the part of this system). The external
forces on the earth-barbell system are the gravitational attraction

you exert on the earth, the force your feet exert on the earth, and

the force mg exerted by your hands on the barbell (Fig. 6-3).
The barbell moves, but the motion of the earth is negligible, so

only the force exerted on the barbell by your hands does work on

the system. The total work done on the earth-barbell system by

all forces external to the system is mgh. This work is stored as

potential energy, which is energy associated with the position of
the barbell relative to the earth. That is energy associated with
the configuration of the earth-barbell system. This kind of energy is called gravitational
potential energy.

Another system that stores energy associated with its configuration is a spring. If you
stretch or compress a spring, energy associated with the length of the spring is stored as
potential energy. Consider the spring shown in Fig. 6-4 as the system. You compress the
spring, pushing it with equal and opposite forces F, and F,. These forces sum to zero, so
the net force on the spring remains zero. Thus, there is no change in the kinetic energy of
the spring. The work you do on this system is stored not as kinetic energy, but as elastic
potential energy. The configuration of this system has been changed, as evidenced by the
change in the length of the spring. The total work done on the spring is positive because

both F, and F, do positive work.

Conservative Force (fR5F71)

When you ride ski lift to the top of a hill of height 2, the work done by gravity on you
is —mgh and the work done by the lift on you is +mgh independent of the shape of the
hill. The total work done by gravity on you during the round trip up and down the hill is
zero, independent of the path you take. The force of gravity, exerted by the earth on you
is a conservative force.

A force is conservative if the total work it does on a particle is zero when the particle

I
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moves around any closed path, returning to its initial position. From Fig. 6-5 we see that
this definition implies that: The work done by a conservation force on a particle is

independent of the path taken as the particle moves from one point to another.

¥
Path A
F, F. Path B 2
— VW~
™ 1
"As, As, 0 3
Fig. 6-4 Fig. 6-5

Now consider yourself and the earth to be a two-particle system. (The ski lift is not
part of this system. ) When a ski lift raises you to the top of the hill, it does work mgh on
the you-earth system. This work is stored as the gravitational potential energy of the
system. When you ski down the hill, this potential energy is converted to the kinetic

energy of your motion.

work By point of application 1 F A5
joule fEH notation e

eV MR RE conservative force eS|
potential energy e positional function o7 B PR
gravitational force EiW)| elastic potential energy P g
independent of e o0

6.3 BWRIEERRIEZE6 EB HE IhEE MRS

1. RREH
Fx Ml have, (be) made of, with &b, 325 J“ 44 1] (5B 2510+ 44 1) "X P45 44 «

a brick structure HE%5¥ cut-off glass screen ¥ 55 BF #4457 i
a concrete core {E’:éﬁiﬁ a steel mast %NLI_

cast glass &GP IS a stone wall Ak

rough-cast glass LI a wooden frame ARHE

a glass screen I tools made of iron &l T H

PATF o — 26 B ] 5 .

The new greenhouse has a mild steel structure ,with glass beneath it. X J&& 57 1% b5 (FH
149 S Rtk 5 45 4 445 K T T 2 B

A curved screen is made of steel and glass. JRIE FE A5 B 2 FH 404 RN B 285 1 14
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Up in the roof here, we have a 6mm thick cast glass. TEXHRET K ZE 6 mm &
1 55 BB

Nearly 4500 square meters of space, under one low, glass roof. ¥T 4500 m* ¥ 1 FLAY
R MR HRETZ T,

Locomotives are built of steel, and airplanes of aluminum. Xk 43k dy 8 H1 A%, 1 K AL
H 55 1

We want such materials as can bear high tem perature and pressure. FA17 B REMT =
Tk = AR

2. RTAE . IhEE

(1) H for giah A & X

for reference &%

a manual for technician % T.F

solve the equation for x f# TR «

use the symbol Pb for lead 5 Pb R4

What is the tool for? iX T. B B4 A2

This is the very instrument for the experiment. X &5 i & MOX > S2 5 AL B8 .

The institute is an international centre for physics research. ZAL &9 F FEWF 5 1Y
ESR7E SRTNN

The key lab is primarily a research establishment but also it is there to welcome the
public. XA LK % FER—ABHREILRY L 5 [F] i 1 ] 23 AR

(2) F the function (& purpose) is+ s E X

The rough-cast glass has several functions,and probably the main one is to hide the
internal structure. BYIGA G ILAER EZATTREIE N 1 HE PN 45 A 18 35 2O

At the end we have a clear glass,and its function there is to give you a view out of the
lab. 78 A S FH A9 02 25 W 53 & A9 4 R AR 45 DL 552 36 3 A i A 1 55t

(3) I H A

be designed+ #h1a A & 2 (5 for 5 1E)

help+ 3l ial A X

have the function of

serve the purpose of

o1l 4

The building is designed primarily for experiment facilities rather than people. iX i
A B b S B SRR 1T AN S A AT T Y

The cast glass helps to express the internal configuration of the lab. ¥ 3 ¥4 By T
0 HR H SE I N AR A

It also serves the purpose of giving access over the roof for maintenance and for

cleaning the glass. BEXREF|XEEM/EN . E (T IO 88E FRT, #1745 R TE LRI R,

3. REREMTER
e A A SE R PR BE A SR L SR IR — XA U B RS R

Il
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WESFARSWSEY G RE MM, Hodf — 28 @ M0, X417 2 # & H
feature, characteristic, performance 5§44 1), major, main, leading, striking, unique ¥
258, DL K& feature, characterize ZF8lia], fFE R H kKK, % M The idea is.... fil0.

The instrument has several features of... FZALESAE W FEp eeeee

This system features simplicity of operation as its major design objectives. A & {#
SRRV AR RGN FIER R AR A Z—,

Operational flexibility and durable service life feature the equipment. #:/ERfH , %4
TR FH 2 AR B 2 1 T R R 5

Micrometer are characterized by extreme accuracy, high reliability as well as
simplicity and ease of control. BRBEM A HRAE TR 55 o 107 HWS % B2 i o PR RE T 5

The rare earths are characterized by a partially filled 4 f shell that is shielded from
external fields by 55° and 5p° electrons. i+ (JLZ) BYSFAE N . T8 55 Al 5p° )2 AU
THRl TN 4 f S RALRRIr 5T

Every character is of practical value and is based on long experience in building this
type of lidar. (A7 fil () B — 45 s A0 A S A i 2 O 20 | A il 3 3k RO & b
I 2 g B R 2

The idea of the device is to allow the operator to perform handling and loading with
the greatest convenience. (BT1) X ™24 B 1 AR Bk B 45 VR 3 B8 T 20 O i Mk A7 e 0

The whole idea is that ever greater attention must be paid to a better working

environment. JAYARVEJE , 00200 T 0 B AR T — AN TE O R TAERRES
LESSON 7

7.1 HEBEFENRIEFHERINLE L
711 &

TE M BT v 3R 3 B T A 45 SR, I 25T SR — M 25 i 1 2SR F il
st . B Wil AR AR & T S IE A R AR WSR3
FrRIK B2 AT LUK X — A8 B8+ Il that 51 A RIEMNAT, 0.

Our final equation revealed an important general property of simple harmonic motion:

P
i
it

the total mechanical energy in simple harmonic motion is proportional to the square of the
amplitude. fJ5 WJ7Ef 78 T 15128 2 Y — A H 245 10 68 30 19 SOHLAR RE 15 9IR 1R 7Y 7
TiIE T

JERWTSEEE 3, % FWCA . show, result, present &,

WL LI T A . was(were)...; We found...; There was... 5%,

W ILEY A that NAJ RS RIA

The results indicated that ... Z5FFH -

The results showed that ... Z5HFRe-----
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The results demonstrated that ... ZERUEAH T eeeeer

The results revealed that ... ZERBRT -oeee

HOLE R Tt 51 B that WAJA

It was shown that ... ZEH R

It can be seen that ... TFJLLFHH----

It was found that ... Z5R &

It was discovered that ... J#f----

It was concluded that ... Z5iEKyee---

It has been demonstrated that ... ZEHRELIEH------

It was clarified that ... ZEHBHE Ky-ee-ee

It was revealed that ... UdBH/BEH----- (GES) JJBIR T veeees
It is considered that ... ZREF]«eeee

It was confirmed that ... A LLB{F -

It is suggested that ... $2H (eeeeee Lk By

It was supposed that ... HEJ (eeeeee ZERLY [RE (ooeeen 2 LY
It has become apparent that ... BEZH]EFH .-

WAL LU to be J& 11 A9 R M Rl E R AE AR . il

When the measured value of ¢, and defined value of p,are put into Eq. (15-1), the
speed of electromagnetic waves is found zo be about 3X10° m/s, the same as the measured
speed of light. 44 e, A E AN 22, #YE SCAEACATTRE (15-1) I, 45 3 9 F, f e 10 3 38 45
LR 3X10° m/s, 3% 5 I A5 2 6 E AR R

For paramagnetic and diamagnetic materials, the magnetization is found to be
proportional to the applied magnetic field that produces the alignment of the magnetic
dipoles in the material. X il @ Jo& 14T 8% 57 04 Ak (%) A2 3 1E b 08 % A J5 7 A 6 48 1 B )
HEZ B4 S0 R 2 1) i 5

The theoretical equation was proved to be correct by the experimental results. SZ56 1Y

75 WS T S TR A IE R .
712

S50 — W T IESCH R LG8 T B A BRSO A sl
FUMER (WS FE L BRR EEE50 %, Ll CE SIS B A R R E A, Bl
IEH ] 56 B ) ok RIK S50, B iR B A — U AE B s B AE o8 A . AR S A R
B, W H - g, ML HE HMIEIC A summary, sum ups
introduce, conclude, as a result,in short,in a word,in brief, therefore ¢, & F A0 3% 3%

BT A
...1s probably... ceceer AT -
s, e Feee
Our conclusion is that... FRATAILE ISR
This study shows that... G-

I
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:

This study suggests that... WFFEHEH e

This study confirms that... W

These observations support... X WEL 5 (eeeee 2518)

The findings indicate that... Z5RFMH - -

The results indicate/show that... Z5HRFEH------

This paper concludes that... X5 CE IG5

This study/investigation/research leads the author(s) to conclusion that... i1 ASfiff

GO BB L5 18 Hyeeneee

The research enables us to conclude that... T HFFTHRATEGEIAILE L R ee e
It is concluded that... 5B Hee-er

Thus, it can be concluded that... JrLL, o] LIfS H 4548 -+ -+

Draw the following conclusion... F5Z| 40T &5+

The results agree with ... XL 5.....—3{

The experiment shows that... SZEGFEH] ...

It is suggested that... A LIJEAE (eeeeee ZEI) ] LR (eoeeee ZE)

These results will/can be significant for... iX282E R Xfee--ee UL /TR B
In conclusion, ... FJa/B2Z e

In general, ... GVASRL, e

To conclude, ... JZ,eeeeee

In brief, ... [ EZ -

Ina word, ... SR ,eeeeee

In short, ... fRMHZ,

In summary, ... MEFEARBL, 0o

By and large, ... K& I/FEAR [.--e

Allin all, ... BIIHZ,

Generally speaking, ... BRIV, -e----

On the whole, ... K& [eeeee FEA |eeeees

For the above-mentioned reasons, ... & FIRJFE, -

As we have seen, ... IEWFRATHIHE, coeeee

As already mentioned, ... IEIIE R BB —HF, oo

To sum ups ... MZ/BTHZ .

To summarize, ... MEFETIF et

We can easily come to the conclusion that... FRATIR & 5 5k 7T DL 15 2] X & 1Y) 45
What we can be sure of is that... B LLH RE ) S eee e

Now it is believed that... HILFRATHMF -

It is almost certainly true to say that... JL-FA] DLERf Ho 150 --- -

Clearlys ... &Ko

It may be possible to (do something)... T HECKE A ] ERE)
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Therefore, we can find that... FI,FRATLIH------

It is quite clear that... ARBH g ee-e- ARG R eeeeee

1t is well-known that... AJFJEHle----

Now it comes to conclusion that... 7] PI75H 45

There is no doubt that,.. JCHE-----

DL Ay AL rp 5 RES ] R A X 518 1 e R BN [E] . DA S BRI 7

We can draw the following general conclusion: For any system the most probable
macroscopic state is the one with the greatest number of corresponding microscopic states,
which is also the macroscopic state with greatest disorder and the greatest entropy. /{17
PIFR B0 — 4518 . AT AT 28 G0 09 S5 Ak AR 25 WL 28 0l A B S5 R0 H 6T 7 W A8 i R A
R E A I R TE T R K A 2 LS

To illustrate this further, we can make the conclusion of boundary conditions for
Half-wave Loss... 24 T #F— 20 Ui BT, 3ATTAT DA i B 2K (9 30 it S A 258 A g g - -

Comparing Eq. (20-23) and Eq. (20-24), we can conclude that when simple harmonic
waves propagate, for each element of the medium, kinetic energy equals potential energy
at any time. E75FE(20-23) F17J5 F2E (20-24) A LR FRATFF BB E5IE N « Y 3 AL Rl s, 28
Jo H A R — J5 T 1) Bl BE R AR AR AT AT s 2 AR A 4

Clearly , this inelastic collision is an irreversible process. B8, iX F JF 3 M 7lf 8 & A
CIBUPuy N

Now I would like z0 sum up what I said in a few sentences. BLFEFAH FH JL/A] T3k B
g5 — T RIFL RN E .

The long and short of it is that the experimental results coincide with the theoretical
speculations to a certain extent. &2, C W25 R S HLISHENE — SR E FHYE .

Thus the conclusion we can draw is that the kind of materials is not suitable to be
used under high temperature, I ILFATT 0] LLAS H 2538 X FobE BEASTE & FHAE S R A B

In general , all the characteristics of the ferromagnetic material come from the special

internal structure of it. &2, BREE B ARL A RR P AR UR [ JHL 030 I R IR 25 44 .
7.2 FAZEIERE

7.2.1 Rigid Body(Ri{%)

In order to study some problems easily, we used to imagine some bodies as rigid
bodies, which are idealized models of particles system. If the body is nondeformable or the
separations between all pairs of particles in the body remain constant, we may look it as a
rigid body, which consists of a large number of particles, each with its own velocity and

acceleration.

I
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7.2.2 Law of Rotation of a Rigid Body about a Fixed Axis( BI{& i % zh & £2)

To set a top spinning, you twist it. In Fig. 7-1, a disk is set spinning by the forces F,
and F, exerted at the edges of the disk in the tangential direction. The directions of these
forces are important. If the same forces are applied in the radial direction (Fig. 7-2), the

disk will not start to spin.

£

Fig. 7-1 Fig. 7-2

Fig. 7-3 shows a particle of mass m attached to one end of a massless rigid rod of

length ». There is an axis perpendicular to the rod and
Tangential \\\ -

passing through its other end, and the rod is free to rotate neen
direction

about this axis. Consequently, the particle is constrained
to move in a circle of radius ». A single force F is applied
to the particle as shown. Applying Newton’s second law to
the particle and taking components in the tangential Ryution axis £
direction gives F, =ma,. We wish to obtain an equation

involving angular quantities. Substituting ra for «, and

multiplying both sides by » gives Fig. 73
rF.=mr’a (7-1)
The product rF, is the torque M associated with the force. That is,
M=Fr (7-2)
Substituting into Eq. (7-1) gives
M =mr’a (7-3)

A rigid object that rotates about a fixed axis is just a collection of individual particles,
each of which is constrained to move in a circular path with the same angular velocity w
and acceleration a.

M, .. =m;ra

Applying a rigid object that rotates about a fixed axis is just a collection of individual
particles, each of which is constrained to move in a circular path with the same angular
velocity w and acceleration a. Applying Eq. (7-1) to the ith of these particles gives

M

2
=m,;r;a

i-net

where M,

i-ne

.is the torque due to the net force on the i th particle. Summing both sides over

all particles gives

ZM,-,m:Emir?a:(zm,r,‘?)a:]a (7-4)
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The sum in the term on the right is the object’s moment of inertia J for the axis of

rotation.
J :Z,nir? (7‘5)

In the past we saw that the net force acting on a system of particles is equal to the net
force acting on the system because the internal forces (those exerted by the particles
within the system on one another) cancel in pairs. The treatment of internal torques
exerted by the particles within a system on one another leads to a similar result, that is,
the net torque acting on a system equals the net external torque acting on the system. We

can thus write Eq. (7-4) as
Mnet.exl = ZMexl :]a (7’6)

So torque acting on a rigid body is proportional to its angular acceleration , and the

proportionality constant is the moment of inertia. This is law of rotation of a rigid body

about a fixed axis, which is analog of Newton’s second law for linear motion, EF =ma.

7.2.3 Torque and Angular Momentum(/14EM A &)

Torque is expressed mathematically as the cross product (or vector product) of r
and F
M=r XF 7-7)
Fig. 7-4 shows a particle of mass m moving with a velocity v at a position r relative to
the origin O. The linear momentum of the particle is p=m v. The angular momentum L of
the particle relative to the origin O is defined to be the cross product of r and p
L=rXp (7-8)
If r and p are in the xy plane, as in Fig. 7-4, L is parallel with the ¥ axis and is given by
L=rXp=mursin ¢k. Like torque, angular momentum is defined relative to a point in space.
Fig. 7-5 shows a particle of mass m attached to a circular disk of negligible mass in the
xy plane with its center at the origin. The disk is spinning about its axis with angular
speed w. The speed v of the particle and its angular speed are related by v =rw. The

angular momentum of the particle relative to the center of the disk is

Fig. 74 Fig. 7-5

M
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L=rXp=r Xmwv=rmuvsin 90°k
=rmok =mr’wk =mr'e

The angular momentum vector is in the same direction as the angular velocity vector.
Since mr’ is the moment of inertia for a single particle about the = axis, we have

L=mr'ew=],w

This result does not hold for the angular momentum about a general point on the 2
axis. Fig.7-6 shows the angular momentum vector L for the same particle attached to the
same disk but with L' computed about a point on z axis that is not at the center of the
circle. In this case, the angular momentum is not parallel to the angular velocity vector @ ,
which is parallel with = axis.

In Fig. 7-7, we attach a second particle of equal mass to the spinning disk. The
angular momentum vector L} and L} are shown relative to the same point O'. The total
angular momentum L', + L', of the two-particle system is again parallel to the angular
velocity @ . In this case, the axis of rotation, the z axis, passes through the center of
mass of the two-particle system, and the mass distribution is symmetric about this axis.
Such an axis is called a symmetry axis. For any system of particles that rotates about a
symmetry axis, the total angular momentum (which is the sum of the angular momenta of
the individual particles) is parallel to the angular velocity and is given by

L=] w (7-9)

L '0’

Fig. 7-6 Fig. 7-7

There are several additional results concerning torque and angular momentum for a
system of particles. The first of these is

dL
Mnc(-cxt - (7710)
dz

The net external torque acting on a system equals the rate of change of the angular

momentum of the system. This is called theorem of angular momentum,
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torque ikl axis of rotation e i b
moment of inertia  # IR & proportionality constant L 19 & %
analog 2L AHA is proportional to e lOE
mass distribution oigsaniil symmetry axis SRR

angular momentum A3l theorem of angular momentum ffi 31z & B

(I

7.3 TAREBERRIEE7 R ER @GR B=E
1. EXER
triangle =¥ right triangle B ffi =fME

isosceles triangle ZEME =/
obtuse angle #liffi

right angle H £

rectangle JEIE

trapezoid #HIE

polygon Z ¥
pentagon TLiIIE
octagon /\ilIJE

semicircle 2 [F
cylinder [F4F

cube IEJTR/ ST
sector FJE

curve Hi£&

sphere BRIE
ellipsoid i 1l . ¥ [5 JE2
pyramid HEIE

2. HiREREREER

B JE 1 B AR 1Y
T
curved HHZEAY 25l 19
depressed  MIB4 )

flat Ok V1Y
half-moon-shaped 2§ H K

circular

(criss-)cross

hemispherical ERIE
hyperbolic XA £ A9

oblong &K

equilateral triangle
acute angle i ff
BT
parallelogram

rhombus ZEE

square

quadrilateral  POilIJE
NiIE
circle [FJE

ellipse  #fi[&

cone |G|

cuboid £k

cone #HEIE

FE (DB
FERIE
oblong K HIE

hexagon

cylinder

hemisphere

conical HETE 1Y
cubical STITIE
cylindrical  [BIAEIE K
ellipsoidal  # [& 1Y
half-round 2[R

LB
20 Y
I-shaped T.FE
pointed/sharp 2R

heart-shaped

hollow

S =

AT UL E
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pyramidal RHIE W . &FEIEH rectangular  FIE )
round/rounded  [& 1Y semicircular B K
spherical ERIEHY spindle-shaped ZifEIE 1Y
square EFFER solid  ZEZ.0 iy

straight H (Z) ) star-shaped A
triangular =K U-shaped U JEH)

3. RAERERRAA

a curved surface [ a flat cable JW FH 4

a pointed roof ZRIEJRTH rectangular timber 7K
a round box [A & a spherical mirror BRI
triangular compasses =i T-plate T FH
T-socket T EE®E I-bar T.57%k

I-steel T.5%% cross-wire |4k
herring bone pattern ANFIE herring bone gear ANF &%
Y-connection Y JE % X-tube X JE&

U-pipe U % Z-beam ZF#
A-frame A B2 C-washer C JE#HE
O-ring O EH S-wrench SERF
T-track HEJE 1250 U-bolt DB i 44
V-belt =4f 77 set square —fAR
clamp HIERA U-steel 444

Y-pipe XIEE X-type ZXIE

4. RAERERRIEEN

betadj. (+in shape/form)  OBAR) Freeeee By, Reeeees AL
be shaped like... FEARAG -+

have the shape of... HA .- JEAR

(be) in the shape of... et BITEAR , L eee BIE

take the shape of... Heeeee- M IE AR

PR & — 28 Bk f) 5

This plate is curved / flat. XHPHEZ /0,

This rod is pointed /rounded at one end. XM —KZR/RAY,

This line is straight /curved. XL EHM/ZH,

What shape is the top of the rocket? K &iTHHR 2 AT IR?

The lab building is built in the shape of a letter “L”, X &SI = & N FH LI,
The top of the planetarium is like a snail in shape. RICIERITRFIE ARG — Hig4,
The coil is rectangular in shape. XZEJEIETEK .,

The flask resembles a pear in shape. XEEHAYIMNEAR REL,

The curves are hyperbolic in form. X622 BHZE
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A wheel has the same shape as the letter “O”, ZEHIIER S FH O HF,

The curve of normal distribution is shaped like a bell. 1F 72> fi il £k 69 B R AR —
M,

A safety-pin is so shaped that it cannot easily prick you. %44 fUR A 2 15 A
AR,

The simplest wave form is a sinusoidal curve. Fxfaj ¥ TE & IE %k,

In weightlessness, a drop of liquid takes a spherical shape/takes the shape of a

sphere. FERFEARE , —THBIARIKIE .

5. RHKRRE

(1) # H by Fn e Bk B R

The room is 6 meters by four. X EEHE 6 m, TE 4 m,

Multiply the base by the height and you have the area of a rectangle. JEHeELL &, B Al
R IE Ry R

This is a room 20 by 30 feet. = This is a room 20 feet by 30. = This is a room 20X
30 ft. I —A> 20 JERYE 30 s R Br1A]

(2) HAbRRTT %

The room has an area of ten square meters. = The area of the room is ten square
meters. = The room is ten square meters in area. = The room covers an area of ten square
meters. X4 G I A 10 m*,

Tianjin is about 11 760. 26 square kilometers in the area. KHEEHEIFRZ K11 760. 26 km”,

China’s land area is 9 600 000 sq km. F&HE E + M AHZE 960 71 km®,

6. AR . FEHRTIE

(1) H F = HE0m + KB4 8 -+ by + B8]+ 9 B 44 18]+ by -+ FEE0E 4w 4 e R
ARAL TR R K T8 i B B — B, U3 A IS TS B 44 0 . T

The box is eight inches by six by five. X M&EF K TE.H 40K 8 F~f .6 Hof.5
7

The box measures three feet by four by two. XA FAIR TR GXAX2DFER,

(2) F capacity, volume P X cube(37.75), cubed( H 2 —¥KAY), to the third power
(oo =W JT), liter, cubic meter, cumec, cubic centimeter 25, H.45#A . The volume/
capacity is...; has a capacity of...; be with a capacity of...55, f#i0.

The pretreatment works will have a capacity of 45 cumecs, or 45 cubic meters per
second. XTI WA 45 m* /s AL FERET] .

The capacity of the treatment works is approximately 45 cumecs. XA H T 9 4b
FLRE S22 45 m* /s,

Before the waste joins the sea,it will pass through a large new pretreatment works
with a capacity of 45 cumecs,or 45 cubic meters per second. 757K TE i AW Z A, B0 d
i — NN 45 m® /s BRI AL B,

Il
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The formula for the volume of a cube with edge { isV =1°. (V equals { cubed,or V
equals  to the third power) R H [ BT EBERT, HAX N V =17,

The wolume measuring accuracy of this system is 0. 25%. REGE AN E4E E N
+0.25%.,

LESSON 8

8.1 YMEFFWRIEFENEFEF LS

Tolr S TE B R A LMl ST Ky — MBS i 11 A 0 B S AR A

D) A K o B AR T8 LA K A3 T 18]

B4 % W) FH & A be concerned with, be subjected to, be exposed to, the order
of 4.,

It is well known that, different from physics, chemistry is concerned with the
composition, properties and structure of substances and with the changes they undergo.
AR AL, 5 ) BN TR AR 2 O S BT B a8 | (A2 R Bt B 5 A 1 L 3 BF 5 3k 2 ) Tt
CREAR A SO O B2 1K

The sample temperature was controlled by a thermocouple with a precision on the
order of 0. 1°C. Ffah il B I AL M 6] HAF I AE 0. 1°C e Ay

2) EAEF WA ROE 85l BRI

R T PN A B ARGA TN 2 W, ) HhE RS I FRAR R n SR I T one B we,
fian .

There is a steady loss of energy in the cycle. 7EfEIA P REIR FrLEHt 0.

In the real case there is a need for energy compensation. 7E3% PR 0 = B4 FEHE = .

As one shakes the end of a stretched rope, the disturbance transfers energy from the
hand to the rope and a wave pulse travels down the rope. #&3)% T 19— ¥, 9L 8l 5t &0 HE
N FAL A8 T — DBl S TELE T AR

If we look into the experiment we can see the secret of what is happening. U 1]
HOA— T S5 B2 B e R AR R

3) & il i A

35 {45 1) J 06 1 5 R 7E T 0T LA S m) - g Al T Ak, & T B . il an .

They enjoy the newness of the building. ¥ *§F They like the building because it
15 new.

These experiments demonstrated the truth of the theory. T These experiments
demonstrated that the theory is true.

O B+ E S0 A SN A 4 g A e A A AT

fhn .

An atom is found to consist of electrons and some other very small particles. (K24 F

It is found that an atom consists of electrons...). (FHIAR) I i B F K H Aok 7 B
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HA

XL T IR SR Bl A8 S A e X R A TR A kL TR
b F A 2 LR BERT T IX B 45 A8 1) 95 75 317 A know , think , believe, say 4% .

Alloy steel is said to be a carefully made steel. (A F Iz is said that alloy steel is a
carefully made steel. ) & 48X 1] DA 5d S — FORS 406 Hr 08X .

5) i FE IR WA T B IR 4 86 V1T Bk

Ll e 11 TR 3 1 B 5l RN B A IR 4 B A I R GRS U LR
VNN S TR

The tidal range is of the order of 10 meters. IREFE 10 m FEES, (FHEMA)

The tide is as high as 10 meters/10 meters high. (IIiEH)

Some waves have been o f heights of up to 7 or 9 meters. AWIREIEE 7m 5{ 9 m,
im0

Some waves have been 7 or 9 meters high. (HAIEH

6) W Fahik&

TEL b DEE 5 m R R R shiE S HE BTS2 %WH we EREN FEHES.

If the end of a stretched rope is given a quick shake, the disturbance transfers energy
from the hand to the rope, (&)

If we give the end of a stretched rope a quick shake, the disturbance transfers energy
from the hand to the rope. (I iE{A&)

7) HAbRE A

— P, Ml BT A A AN T SR TUAR BE R AR AN HE R TR TR AN L S5 A A2
AT %5 it B R A S5 RE S, lan.

The fact that the lab is designing primarily for experiment facilities rather than
people, that makes it particularly special. SZH% 2 151 32 B S {3t 52 56 35 48 100 A & ik A fi
FHI XS e A AR 2 4b

AN R R FE TR R ) ORAR A%, AR RS B BEOK L is designing E
is designed; & — /> that B,

Internally the structure is very much played down and the various instruments are
beginning to dominate and it’s very important, I feel, right from the outset, that the
instruments should be allowed to dominate internally, especially as the spaces are
relatively small and the roof is relatively low. 7ESZIRZ N AR E A G EE AL, R
F S 25 P ACAS o FRIN A DN — T 1 gl 28 T A0 2% ol A0 88 78 3 9 s 35 S 6, 3k JE G2 A Oy 2
R = Y A )R X R B D T R T AR T

KE-MEEAR 6 M FaEKA, BAETREER AILZEEERE VN, BN
A%k, Ho 1 feel J&— 1 FRn A WA AT s right H LRI from the outset, B E & N—
FFUEHE -+ 5 it is important that... && — &) B, F R B @ W5, that ) A) 9 11 15 H
should +wo. X J& H B 4O, 40 82 45 5 4K, o7 FH 81 J5 B . B Tt is important that the
instruments be allowed...,

Any glassware which has a... a delicate shape, an interesting shape, is seen very

Il
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clearly against a cast glass background, it’s seen in silhouette.

FE L IER DR J2 RIS D& AR AS AT AR A8 3 7 B Y T Y e AR B E A Y
W, AT REE I LB IE . X B SE A T has a... a delicate shape CH — N4/ AR SETENRD
Ui )5 %3] delicate I A AR . TR XN E T an interesting shape, iX 4~ 45 15 A] L) 56 52 Xt i —
AR IE

8.2 ETAFEIFFEIE

8.2.1 Oscillation(¥x=h)

Oscillation occurs when a system is disturbed from a position of stable equilibrium.
There are many familiar examples: boats bob up and down. clock pendulums swing back
and forth, and the strings and reeds of musical instruments vibrate. Others, less familiar
examples are the oscillations of air molecules in a sound wave and the oscillations of
electric currents in radios and television sets.

In this section, we deal mostly with simple harmonic motion, the most basic type of
oscillatory motion. Applying the kinetics and dynamics of simple harmonic motion
provides the analysis of the oscillatory motion of a variety of interesting systems. In some
situations dissipative forces dampen the oscillatory motion, but in other situations driving

forces sustain the motion by compensating for the damping.
8.2.2 Description of Simple Harmonic Motion( &%z zh 8948 4)

A common, very important and very basic kind of oscillatory motion is simple
harmonic motion(SHM) such as the motion of an object attached to a spring (Fig. 8-1).
The Kkinetic equation for a simple harmonic motion is
x (1) =Acos(wt + ¢) (8-1)
where A, w, and ¢ are constants. It is a mathematical representation of the position of the
particle as a function of the time. For the spring system, x is the displacement of the
object from its equilibrium position. In general, x can be any

oscillatory quantities. J\/\/\/\/\/\/\_I_l

There are three property quantities for a simple harmonic

motion:

I~
SN
N

AN

Lt

The maximum displacement x from equilibrium

max

position is called the amplitude A. The value of the amplitude
depends on initial position and the energy of the system. The

constant w is called the angular frequency. It has units of

N

radians per second and dimensions of inverse time, the same
as angular speed, which is also designated by w. The time it JWW\N\H

takes for a displaced object to execute a complete cycle of

o

. . Fig. 8-1 A spring system
oscillatory motion—from one extreme to the other extreme
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and back—is called the period T". The unit of the period is second. The reciprocal of the
period is the frequency v, which is the number of cycle per second
v =p (8-2)
The unit of the frequency is the cycle per second (cy/s), which is called a hertz (Hz).
The period T is the shortest time satisfying the relation
() =x(+T)
for all £, Substituting into this relation using Eq. (8-1) gives
Acos(wt +¢) =Acos[w(t +T) +¢]
=Acos (wt +¢ +wT)

The cosine (and sine) function repeats in value when the angle increases by 2n, so

2
T =2x (orw==) (8-3)
The frequency is the reciprocal of the period
1 1)
Vv = ? - ZL‘ (8*4)

The argument of the cosine function in Eq. (8-1),wt + ¢, is called the phase of the
motion, and the constant ¢ is called the phase constant, which is the phase at t=0. If we
have just one oscillating systems, we can always choose t =0 at which ¢ =0. If we have
two systems oscillating with the same amplitude and frequency but different phase, we can
choose ¢ =0 for one of them. The equations for the two systems are then

x, =Acos(wt)
and
x, =Acos(wt + ¢)
We can see by inspection that each time ¢ increases by T, the phase increases by 2=

and one cycle of the motion is completed.
8.2.3 Damped Oscillations(FE e #x zh)

Left to itself, a spring or a pendulum eventually stops oscillating because the
mechanical energy is dissipated by frictional forces. Such motion is said to be damped. If
the damping is large enough, as, for example, a pendulum submerged in molasses, the
oscillator fails to complete even one cycle of oscillation. Instead it just moves toward the
equilibrium position with a speed that approaches zero as the object approaches the
equilibrium position. This type of motion is referred to as overdamped. If the damping is
small enough that the system oscillates with an amplitude that decreases slowly with
time—like a child on a playground swing when Mum stops providing a push each cycle—
the motion is said to be underdamped. Motion with the minimum damping for

nonoscillatory motion is said to be critically damped.

M
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8.2.4 Driven Oscillations and Resonance (3238 ¥z s fl £ #x)

To keep a damped system going, mechanical energy must be put into the system.
When this is done, the oscillator is said to be driven or forced. When you keep a swing
going by “pumping”, that is, by moving your body and legs, you are driving an oscillator.
If you put mechanical energy into the system faster than it is
dissipated, the mechanical energy increases with time, and the
amplitude increases. If you put mechanical energy in at the same
rate it is being dissipated, the amplitude remains constant over
time. The motion of the oscillation is then said to be in steady
state,

Fig. 8-2 shows a system consisting of an object on a spring
that is being driven by moving the point of support up and down

with simple harmonic motion of frequency w. At first the motion

is complicated, but eventually steady state motion is reached in
which the system oscillates with the same frequency as that of the
driver and with a constant amplitude and, therefore, at constant energy. In the steady
state, the energy put into the system per cycle by the driving force equals the energy
dissipated per cycle due to the damping.

The amplitude, and therefore the energy, of a system in the steady state depends not
only on the amplitude of the driving force, but also on its frequency. The natural
frequency of a oscillator,w, , is its frequency when no driving or damping force are present
(In the case of a spring., for example, w, = +k/m ). 1f the driving frequency is
approximately equal to the natural frequency of the system, the system will oscillate with
a relatively large amplitude. For example, if the support in Fig. 8-2 oscillates at a
frequency close to the natural frequency of the mass-spring system, the mass will oscillate
with a much greater amplitude than it would if the support oscillates at higher or lower
frequencies. This phenomenon is called resonance. When the driving frequency equals the
natural frequency of the oscillator, the energy per cycle transferred to the oscillator is
maximum. The natural frequency of the system is thus called the resonance frequency.

There are many familiar examples of resonance. When you sit on a swing, you learn
intuitively to pump with the same frequency as the natural frequency of the swing. Many
machines vibrate because they have rotating parts that are not in perfect balance (observe a
washing machine in the spin cycle for an example). If such a machine is attached to a
structure that can vibrate, the structure becomes a driven oscillatory system that is set in
motion by the machine. Engineers pay great attention to balancing the rotary parts of such

machines, damping their vibrations, and isolating them from building supports.
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oscillation/vibration

simple harmonic motion (SHM)

damping
equilibrium position
radian

hertz(Hz)
amplitude

phase

average value
damped oscillations
molasses
overdamping
overdamped

steady state
resonance

natural frequency

nonoscillatory

8.3 TWRIEE HRIEZE-8

1. EAE
accord

coincide

fit

2. EA#&IR
accord
coincidence
correspondence

congruence/congruency

3. FHAEERA
consistent
congruous

corresponding

4. ERiAA

answer to

IR oscillatory motion PR 3h
dissipative force FEHCH
fa7 1% 12 3 spring o
BH 2 angular frequency FANTR [R5
R A period JE #H
I reciprocal 3 %%
i 2% argument A
) phase angle/(phase constant)
AH AL AH L JE A WIAH 052 AH
SEH dissipate TH #E
FHJE ¥ 3l submerge =A
iR oscillator BT
T BHJE critically damped Il 5 FHJE /)
pul SEWIEA i} driven oscillation i ¥Esh
fazs underdamped R FHJE By
HiE critical damped Ilf 5 BHJE
[#] G A % resonance frequency FLHEA R
AR ARSI
—¥ #®E
e —3% agree e —3
— AHAF answer e
Giney meet (RERS A=)
— 5 Hh agreement i —%
e — consistence/consistency — ()
e —3 conformity e —2
— % FE
— B AT AW accordant —EHm
—H 2 EN conformable — B AR
— 5 A
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be in agreement with... oot AH—2

be in accord with... Seeeeer FH—E

be in conformity with/to... e H—3K

be/as consistent with..., Xtjeeoeer M—E D AT
bring...into accord with...  ffieseeee e —ZCHAFD

bring...into correspondence with.., ffieeccee oo —F R
conform to...  (ff) —F (IO FF &
conform M to N ffi M 5 N —%{

conform with &eeee- —F e s
correspondence between M and N M 5 N M£F
correspond to/with... & T

fit in with 4 & i

fit...into... fdeeeeee FFfpeeeeee

fit...like a glove FEELFFE e+

tally with... eeeeer ALF A e —

ol .

answer a description 5 iR AT

observations that fiz the theory nicely 5 i 58 & AHAF H) WL

consistence of composition 4y —E Pk

consistency check —ZUPEF 5

curve fir MG

meet a criterion S IRUE

meet the specification 55 A&/ FLE

The lab answers to his description. XS5 = 5 i B9 7 A AHLT .

The experimental results agree/accord with the theoretical calculations. ZEEZE IR 5
OIS BTG .

The actual experimental figures are in agreement with /in accord with /in conformity
with /consistent with the estimated figures. LK A9 F S5 EUF T 5

A contact lens con forms to/is consistent with the curvature of the eyeball. 4% fil i &5
EFHRER A M A ARAT

The theory does not correspond to the experimental facts. X —Hig 5 FH LB ALY,

Our results coincide with those obtained by other professors. F{TAY %45 M 5 HoAfth— L&
HAZ T IS 1 25 R A — B

It is shown that the QCT (quasi-classical trajectory) calculated results agree well
with /show a good agreement with the experimental data for the reaction. Z55FH % T

RS L T HE 28 LB 25T B I 45 2R 55 S I AR A (0 B s W) & 1R AR 4
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9.1 HMEFZWRIEFEFHKATH(—)

SR, Ll S SCHER P A T R B R . KR 2 R R a2, —
ARG — RS T L F B S8 B BT ) B G R LA

Py L L b ST T R OA BR o Be L R R I, DL KA ) 2 A B 2R B 2R Y O
F T2 % o JEL A 2 0k (T PR D SR R IR B9 . O T 3RS TR ORI B9 L TR IR A A
SR IR A B2 19 L T R S 2 O B LR A S T B Tl
PEUESCUR S — HBRRAE . 1)l AR i B R A, T A8 A i R 0 E i AR TR
(4 A A5 T8 A 3 L 1) Bl 44 ) AN e R S 2 ) 1l A e T R S R 1]
B LA A TG RE S WA TET R E LT A ] o R )L RS
FHMENEZSH,

P HIE 254240 1) Py AR B3] = SR i vk 3 BT M BB 27 7 22 18 M B o0 BB A B I
A AR T U G 224 . 8 I A R R SRS A CLAT R R S5 1) 78 S TR 2 (n
FELHAE D TR, DU W IE S AR S et g vh Se s e 1S SRR IR T 0T o IE B A R 5 9
A B R 25728 AR R i 122 T BEMA /1) mb 18 0 R4 HEZ o DUTH WU 4 I [ R0 48 00 el S 1S
H DER L b RS REE | b S S B Z5e X A RS

FE b ST g 2 > v AR AT B A e — A AR EE A A L G 2 L ol SCRR B 3 L B
SR RS B A AR A IR G . AT B E A S . SR, Rie 2 K
HA) T 2 AR AR AL BRI th— SO AR (Y 0 ARG . R B I IR SO A Rk 2
Fay P B A A B D N A BRI A R R R T S 2 B M B O R PR DU
A RN 7 3SR K ] A B A B ST

911 KAEHHDHT

MUEEF AR me, Frig i £ 1, gl 76 B ) i e e B 3] E 1 CIH IR XA
FESY . RO R TE F1E GRS X WA F AU B A B B S A S
€ 1 RO AME AR TR SR 45 & RN AR .

In the engine, the heat required to change the water into steam is produced by the
combination of the oxygen gas in the air with the fuel. ZEZEEALP , HEKAE 28K T T B 1Y
PO th 2 P R SRS S AR R
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%] 1B heat K5 W% . B Ja M R ER — > shia it 24338 required, X 4> required R %5 5
PR IR L SE AR AIE 6 /2 is produced.

Laser, its creation being thought to be one of today’s wonders, is nothing more than a
lightDthat differs from ordinary lights only in @that it is many times more powerful
and so be applied in fields @ that no ordinary light or other substance has ever been able to
get in.

B A P i N A — N REiE NI ENE A A). 4] 8 “Laser...is nothing
more than a light. 7, & WA OB i 32 4] #4944 0] light, =185 WA QA1 in 1=, E
A O B i 4 1) fields, 53 Fb, F 4] O — ANl S7 FE 4 S5 Yits creation... today’s
wonder”VEIRIE .

The property the air has of taking up a great amount of water when heated and giving
it out when cooled, is the cause of our clouds and rain. 255 T B A5 1Y 31X Fh #0 B 08% Wic | ¥ B5F
R R i AR PR RE L 2 2 R 2R Y B A

% A] F1E property JG I M T —4 that 8{ which, AR 515 E 18 M A] the air has, B 1M
FIBE AW 5 1E of taking... and giving... | X E W when 51 580K 5 N A), B0 F 45
M2, fRBD is FITH X AR S AR AT E] IS THEE R S,

FEBEATC ) 73 BT IS S S BB 358 )5 S, 23 M ) 454 L RIS TR VA G R . TR — >
B 1 3 A o 388 TSR 4 20 3R A ) 8 ) I Rl SR —— R ) s S )RR
X 04 4 ML HEAT VR R AR

9.1.2 ®EREAHDHT

Xt i B R) L R AT A A e SRR A ) T 2OR o —— F iR ORI OIF 2
A AR RN BT E Ly —— RO E T ORI RN R R AL S AE SR . — ] A
HA =D FHMETE, BES R T8 T (T KA e A7 8oy, e i IR kb
A R A R A A B T B RO UCE (R B oY o PRI, 7 20 B T B AT I L I S R R T A
TR L P00 S LA 80 R T T T 22 IR0 G 2R DL B 45 B A Z DB G AR . A R ST
RO TFE R Z 5 R I8 A St AT Rk . pin

In order to understand the operation of a transistor, it is first necessary to be familiar

with the mechanism of charge transfer across a junction formed between a piece of n-type
semi-conductor and a piece of p-type semi-conductor.

M XA, Tt 2R F B E T, BEIEM FE B2 to be familiar with the
mechanism; is necessary ‘=18 . of charge transfer across a junction J& -4 17 % 15 . /E
mechanism A8 1% ; formed J& & % 43 17, F junction M € i ; between a piece of n-type
semi-conductor &4 1A 4G 1% , /F formed BRI . In order to...transistor &4~ H iR E &
Wideh), XAAFA =2 EE: O 7B IRE R TR, OF S S E b fir B
SEMHLEE s @ EAE—H N B AR BRI — B PRI AR MR Z B B

913 E&49MPH
IS A A LR WA S A DL SRR T A A TR A . — MR B, i T —

72



LESSON-9

A HBEA — NI R NI I 4 H A58 HRE R DU A 181 ) sk
WIS R e A B,

WA TR ZEE e — 0] 7 b, JeiE & 2N B & B UM EAR ST S . T i i 2 R
and,or, but... BUbR ST 5 455 B 74 AR A RN AL T IR 5 B AL SRR 9 52 G R BR D O A1 A2
BA) ., XA G A b AT R K T ) S R — R T DL BT R R AN TR

H—RE G AP TR AL A — AR A HA O A XA R B S R RR O 3
MEEA] . TG A 3]+ R I B Rl B o o) v L B R R ) ) T A5 A
JFE ] 248 R T E A A1 i R 1) 42 . ARG FR A AR 22 B AR i vk B AR
FILAGY Sy o A4l P ) T 25 ) Pk DA CRIVRE T8 D)) L R0 DA CRIPR B ) =R

FE AT A) 03 M it 203l B 5 KA Dy B A A 1 BRFRAT T A9 43 9 07 3k 9T =1 A
T SR A AR B E A DA AP B R AR T LB A B R 22 8] Y 56 R — T )
KRB E K FR IR W AT JZ R Hr

X T AR AL JR IR Gy 20 i T NS5 A AT 5 5 2% b I /0] 1) 34 3] L 570 2% b I g )
JOT o A R A AR A R A5 L T B IR

TE A AL & A 22 1A A ST DLy LR JLARb

IDRYR /N Y N S SN INCI SR NP TR PA RSN (IR e S - 0|

TR AT DA, A0 8, DT AR 22 1 A0 J2& DAAR 38 DA /) i 23 A7 DA /) i) bR o o o Sk 1Y
MR B —I2 5 25 Z a2 B4, XAER KA R85 i B 5 DUE A 12610,
4 -

(D Although there exists much experimental knowledge in regard to the behaviour of
bodies @which are not in the conditions @to which the mathematical theory is applicable,
yet it appears @that the appropriate extensions of the theory @which would be needed in
order to incorporate such knowledge within it cannot be made ® until much fuller
experimental knowledge has been obtained.

X — LA although 51§ ik LR E N TF LW & 4], B8N 23884
Dalthough 515 By @i 4738 1 19 ik 25 R M A] 5 @ which 513 B i bodies B 5E 1 M
)5 @to which 513 B &1 conditions 15 #H M A); @that 5171 FE &M A]; ©which 5] &
&M extensions I E M]3 @until 51509151 cannot be made 1} [E]R 35 M AT o

2) LLEATIF LMK ENE A )

ERCIEVARCIN= IV NI RS AV B ST Eo N R i) NG I 1 57 NG N S 7 INGTI /N T2 NG
S, il .

Viscosity is a general term for all those properties of matter Dby virtue of which the
resistance @ which a body offers to any change, depends upon the rate @ at which the
change is effected.

XE—NUFEAITFLNESH ., s ="M4a): QL by virtue of which 3| R E
WAL @QLL which 515 & i resistance 15 i 4] ; @LL at which 51 &M rate #Y
SE WA

3) IFA M Z K K E A )

T ) W I 8 B A3 S BE A X ) AT TR A 20 A A D R K S I 81 Y a3, BR AT LA

I
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FIEFN 43 A] W ET DORIEFN 0 1 OB I VR e e ACRIE SR . B IR S sy — W 2
and SFJETRERE . ERZHCN LT AR 1% 3% 1) J5 T AR A i) B0 TR 09 1R B B R T LR S 2
P S A () £ 1) s g i L B RTO6E I 40 B0 A T R 0 e, A

Such activities as investigating the strength and uses of materials, extending the
findings of pure mathematics to improve the sampling procedures used in agriculture or
social sciences, and developing the potentialities of atomic energy, are all examples of the
work of the applied scientist.

Z A and J5 T J& 30 4 1) 4915 developing the potentialities of atomic energy.and Fij 1A
WA WA 3h 4 17 8 15 investigating... il extending..., 1] LI 15 & X =4~ 3h 4 16 8 15 3151,
1 as 51 2R E T N B 18

4) AT A AT R G

TEA R A B A A B A ] B 2 & A — Dl — A DL BN B 525 g 5 2 K e
A A B S A N 3 Bk e b A A AR B IR, A X A DA ) B B TE B 1Y A3
Bro gt 58 kA KRR, i,

A further inference was drawn by Pascal, who reasoned that if this “sea of air”
existed, its pressure at the bottom (i. e. sea-level) would be greater than its pressure
further up, and that therefore the height of mercury column would decrease in proportion
to the height above the sea-level.

A, who I ME T WNEE —E 558, & — DL that 51 R ANE 10X A
that 5| R RN E—DE S48, Kb &a — L 51530 SR E A and JE £ 1)
PS50 1 2 05 A

BT RE A AU ) S5 R I 23 BT L AR A R b B v oG T B G4 VAR I T B e B R R R
WA, TEETORMJLERT N A — TR TEE 0 AR ESD R RR . SRR AT
B IR A G AT G 5B (0 T5 s (L Lesson 17, 4 B 28 b 338 b g KA 20 B ()

9.2 FTARIFFIE

9.2.1 Thermal Equilibrium and Temperature G E 5 % ;8 &)

Temperature is familiar to us as the measure of the hotness or coldness of objects or
of our surroundings.

Our sense of touch can usually tell us if an object is hot or cold. Early in childhood we
learn that to make a cold object warmer, we place it in contact with a hot object and to
make a hot object cooler, we place it in contact with a cold object.

When an object is heated or cooled, some of its physical properties change. Most
solids and liquids expand when they are heated. A gas, if its pressure is kept constant,
will also expand when it is heated, or, if its volume is kept constant, its pressure will
rise. If an electrical conductor is heated, its electrical resistance changes. A physical
property that changes with temperature is called a thermometric property. A change in a

thermometric property indicates a change in the temperature of the object.
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Suppose that we place a warm copper bar in close contact with a cold iron bar so that
the copper bar cools and the iron bar warms. We say that the two bars are in thermal
contact. The copper bar contracts slightly as it cools, and the iron bar expands slightly as
it warms. Eventually this process stops and the lengths of the bars remain constant. The
two bars are then in thermal equilibrium with each other.

Suppose instead that we place the warm copper bar in a cool running stream. The bar
cools until it stops contracting, at the point at which the bar and the water are in thermal
equilibrium. Next we place a cold iron bar in the stream on the side opposite the copper
bar. The iron bar will warm until it and the water are also in thermal equilibrium. If we
remove the bars and place them in thermal contact with each other, we find that their
lengths do not change. They are in thermal equilibrium with each other. Though it is

common sense, there is no logical way to deduce this fact, which is called the zeroth law of

n

Fig. 9-1 If objects A and B are separately in thermal equilibrium with a

thermodynamics (Fig. 9-1) .

third object, C, then A and B are in thermal equilibrium with each

other

If two objects are in thermal equilibrium with a third , then they are in thermal
equilibrium with each other.
Two objects are defined to have the same temperature if they are in thermal

equilibrium with each other.

9.2.2 The ldeal-Gas Law(IBES&EHE)

The properties of gases at low densities allow the definition of the ideal-gas
temperature scale. If we compress such a gas while keeping its temperature constant, the
pressure increases. Similarly, if a gas expands at constant temperature, its pressure
decreases. To a good approximation, the product of the pressure and volume of a low-
density gas is constant at a constant temperature. This result was discovered
experimentally by Robert Boyle (1627—1691), and is known as Boyle’s law:

PV = constant(constant temperature)

A more general law exists that reproduces Boyle’s law as a special case. As we know,
the absolute temperature of a low-density gas is proportional to its pressure at constant
volume. In addition—a result discovered experimentally by Jacques Charles (1746—1823)
and Joseph Gay-Lussac(1778—1850)—the absolute temperature of a low-density gas is
proportional to its volume at constant pressure. We can combine these two results
by stating

PV =CT (9-D

il
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where C is a constant of proportionality. We can see that this constant is proportional to
the amount of gas by considering the following. Suppose that we have two containers with
identical volumes, each holding the same amount of the same kind of gas at the same
temperature and pressure. If we consider the two containers as one system, we have twice
the amount of gas at twice the volume, but at the same temperature and pressure. We
have thus doubled the quantity PV/T = C by doubling the amount of gas. We can
therefore write C as a constant £ times the number of molecules in the gas N
C=k N
Eq. (9-1) then becomes
PV =N kT (9-2)
The constant £ is called Boltzmann’s constant. It is found experimentally to have the
same value for any kind of gas
k=1.381 10" J/K=8.617 X 10’ eV/K (9-3)
An amount of gas is often expressed in moles. A mole (mol) of any substance is the
amount of that substance that contains Avogadro’s number N, of atoms or molecules,

defined as the number of carbon atoms in 12 g of C"

N, =6.022 X 10% (9-4)
If we have v moles of a substance, then the number of molecules is
N =uvN, (9-5)
Eq. (9-2) is then
PV =uN kT =vRT (9-6)

where R= N,k is called the universal gas constant. Its value, which is the same for all
gases, 1s
R =N,k =8.314]/(mol « K) =0.082 06 L « atm/(mol « K) (9-7)
An ideal gas is defined as one for which PV/(vT) is constant for all pressures. The
pressure, volume, and temperature of an ideal gas are related by
PV =wRT (9-8)
Eq. (9-8), which relates the variables P, V, and T, is known as the ideal-gas law,
and is an example of an equation of state. It describes the properties of real gases with low
densities (and therefore low pressures). At higher densities, corrections must be made to
this equation. For any gas at any density, there is an equation of state relating P, V', and
T for a given amount of gas. Thus the state of a given amount of gas is determined by any
two of the three state variables P, V, and T.
The temperature 0°C and the pressure of 1 atm are often referred to as standard
conditions. Under standard conditions, a mol of an ideal gas occupies a volume of 22. 4 L.
For a fixed amount of gas, we can see from Eq. (9-8) that the quantity PV/T is
constant. Using the subscripts 1 for the initial values and 2 for the final values, we have
pP,v, P,V,
T, T,

(9-9)
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temperature =95 thermal equilibrium PR i
hotness e electrical conductor FERC YN
coldness % thermometric property F k=¥ s
the zeroth law of thermodynamics thermal contact PR i
)P T
ideal-gas temperature scale Boyle’s law W e A
AR SRR AR
universal gas constant %:Jﬁ/—jdlli”%'i constant volume %ﬁi
Boltzmann’s constant B /R 25 %8 % 1 equation of state R T 2
mole JE /R state variable WESE
Avogadro’s number BAT AR AN 27 & £ standard condition brifE 5k
carbon atom R T subscript T ¥R

9.3 TURIEFMARAE-9 MFEMEINEHLENE

refrigerator  Hi VKFH refrigerating box & K 4H

digital thermometer #0FIEE T refrigerating fluid ¥ % W . il ¥4 7
heater AR thermopile i 22 H HE | $OH 3

heat converter HAZ 2 heat exchanger A ds

hot-water bag #K4E thermos, thermos bottle, vacuum bottle KR
thermometer J&JE it wet and dry thermometer TR JE & it
thermal converter #EE ey empty box barometer &S EH
thermostat {HIRFH IR IE 4% magnetic barrel calorimeter 4 & 4%
thermionic tube # B & thermomotor S HL ML I ShAL
calorimeter #E 3R BN E T boron thermopile 15 25 i
sonometer 5% it IR BRI tuning fork H X

resonance tuning forks JEHEFF X

specific heat capacity converter H #6245

varying-temperature viscosity coefficient tester A5y Zhiir R B KX

single-junction vacuum thermopile 4%k B 25 7 22 B Ui

sublimation and condensation of iodine demonstrator Al [Y T} 42 5 BE1E 7 7~ 2

solid shrink force demonstrator [EAR4E 7118 7~ 2%

interconversion of mechanical energy and heat energy demonstrator HLAERE # e H 28
T 7R iy

metal linear expansion demonstrator 4 J& 2k I ik U 7 8

refrigerated centrifuge &% 8.0 &ML

solidification and melt of naphthalene experiment device Z% [ 44 ff 5k [E] 52 46 2%

experimental device for gas law SR E LK 2

7
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gas law demonstrator S AKE B 7R 48

heat conduction demonstrator #% FiEH N 28

thermoelectric couple, thermocouple, thermoelectric pair #HLH | 15 22 H {H
heat flux density converter i 85 FF % e 43

thermistor thermometer — #ARE B 1 B BH IR B2 31
demonstrator of sound propagation i {E#E I~ 4%

quick freezing refrigeration device T il ¥ %% &

standing waves on a string instrument 5% 2% | 5 I SEE Y
harmonic wave analysis experimental instrument 3% 23 52 56 AL
liquid specific heat detector V&M L #GN E AL

vacuum flask/dewar flask B2 /¥ FLIR

vacuum thermopile B2 # L HE | EL 25 IR 25 o 3

refrigeration compressor il ¥ K46 H1 12 AL

thermal coefficient meters 53 B0 721X

meter of metal specific heat capacity 4 J& b A M E L

meter of specific heat ratio of gas A& H#E HE I & AL
thermotics experiment facility —#2ZSZEAY

multi-function constant-temperature controller £ I REE & 4% il X
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10.1 BT WFEFFHEIENA

HT C 242 25, Sl i ENE B4 — oo = R ARL . &3]t ) B 25 3 14 DA ) A
FIRGIEEIINGIR

ZAPENTE A G A A R A WAE . BT VR R AR 15 5 4 R N R SRR R
2 T M N FE A R A4 AR DL AR I VR TR RIEAE AL

|5 4 1l A 1 32 e 3R] T 43 =3

FERLA . that, whether, if (ASFE 24 M\ A) BAT AT A% 43

%A1 . what, whatever, who, whoever, whom, whose, which

R . when, where, how, why

FIENREZE SRR Y BN,
10.1.1 EEMNGH S| FF

F 1 A58 H A that F whether , 3% 8 40T 3% £ 81 3A) L LA KOG R AU what 515,

1) that 5]

That each atom has a tiny but massive nucleus that contains protons and neutrons is a
general phenomenon. AR FHERA —ANAL T A1 b A9/ NI 5 04 i 4% L A L 42

That two objects carrying the same type of charge repel each other is certain. 5 A )
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ol EbL 7 1 T S A EARHE T L 3 R E TCBERY .

That she became a physicist may have been due to her father’s influence. 1% hy 4 B
K] BE A 52 W A R R

There seems little doubt that radar technology is a permanent and im portant aspect
of research and development in electronics. (That 5] 5 B M AJVE PR T8 L B4 5 ],
TEHL T2 BB ST AR e b B IR R B — AR AT HE A7 .

2) whether 5| %

Whether the experiment of dropping bodies of different weight from the leaning
tower of Pisa was performed before a multitude, as some accounts have it, was not
known. FEATANKIIE L 5% 3435 v 1R 92 50 2 AR S LL BORHC #UIAE AR 2 N B g T 647

Whether the plan of carrying out the experiment is feasible remains to be proved. X
e TR A A A T

Whether the discharge will do us harm remains to be seen. JHH EH A EXEF
—F.

Whether the experimental result would support the theory was a problem. SZI5 45 IR
S BRI & —

Whether a length is exactly a meter is a question no experiment can decide. — B ¥
SR A MR 1 m, WA SRR T E

3) HHAI G| 7

Whoever discovered the phenomena did not make any difference. FI|JiE & e & #iX 1 FH
R B 255

Whichever of the particles gets out first does not matter. JCiEWB~BL T 5 i R #R
KE.

Who should be responsible for the environmental degradation is still unknown. Xt 1
BB TR AT R

) FERERE G

When magnetism was recognized is not quite clear. 5% &4 g & B, A2
+4rie.

How the experiment was done was a mystery. X525 8L & — 1%,

How this happened is not clear to anyone. X/ EME K ER . R ATEHFE.

Where Coulomb confirmed the inverse-square law for the electrostatic force remains to
be proved. JF& i€ 2 75 WP HLA R R 0 9 SF O B L E R AT TR IESE

5) XFZAIA what 5]

What we need is a precision tool. FATF WK T A,

What the physicists were waiting for at that time was a solar eclipse. ARB}, ¥ HL% R
MR — K HE,

What make the lab more im pressive are the modern instruments. b 3256 25 14 {4 () &

BACE I A i 4

Il
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101.2 FIEBNGAEERXEIE it

H IR T 2 AT A A R R R DCA] B AL R 2 TR i, R EOE Y I )
BEAKR., H it BB FIER that WA LR IR A 380 X 2 .
“Tt+be+IEZE1R +that MA]”, 0.

It is necessary that... g A% eee e

It is natural that... B H K-

It is strange that... ZFPEM)SE -
“Tt+be+iF %431 +that A7, 4.

It is known to all that... AT JE Hleee -
It is reported that... JEJRE-----

It is said that... FEiie---

It has been proved that... T iESZeee"
“It+be-+ 4417 +that MAJ”, 40 .

It is a fact that... ZHFITSE-----
It is an honor that... JEHoRE w--e-
It is common knowledge that... +e- S

“Tt+ A K 31 + that M A)”, 40 .
It appears that... Bl F---

It seems that... Bl J-eeeeee
It happened that... X5 ee-e-
It occurs that... i Fgeee-.-

i FEIE A w3 DU =M

D X F LA that 51509 355 WA 8l # HE X 808 16 WA

For example, in electric circuits it is often assumed that the relations between voltages
and currents are linear. 57, 7 F % v 3 i i R R U Y OC R 2 R PRI

It has been found repeatedly in science that the discovery that two branches are
related leads to each branch helping in the development of the other. TERI2FHE W K],
P SO G R 2 S B 7 M AR R

It is quite clear that the whole project is doomed to failure. RWEFFE AEANTTRITEEE
K.

It's a pity that he didn’t find any useful results in the experiment. 1R 35 B Al 7E 52 5 rh
BB 2 4R .

It is important that the ex periment should be carried out in vacuum. S WM AE B 28
MHEAT

2) X RL i AR CRIRD 515 4 3255 AT, n] U R E 5 32 1R A0 J2 06 ) e ml
RGN R ) P

Whether they would support us was a problem. fifi]2E & LA TIL ZE— A&,

It was a problem whether they would support us. ARG ZHFERMNLEZE—1
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[A) 7,

It remains to be seen whether the material will do us harm or good. X ¥ B Xt FHA T2
M2 E BIEE UL,

3) AR AME A what 5158 F1H WA G0 W BHEOK R NRRER E . .

What we need is an inertial frame of reference. FANTHFEMEBIESFE R,

What I want to know is how we apply Newton’s laws to solve problems. A8 %13E )
5L AN AR 3 A 1 AR e e 1)

A fERE X FE. .

It is clear enough what the results meant. &5RE R 2 BEMREHEE.

4) WERAY R B A I A IS X F 0 i 945

Is it true that the electric field of the source particles is present whether or not we
introduce a test particle into the field? ANEH 50 HL faf J2 75 A L 37 U5 HEL 7o 7= A= 1) FL 37 #1002
PR, & FL A 7

How is it that the two particles attract each other? WiPRL T E 42 HAHWR 5| g7
10.1.3 13 that #94& B (o] &

S5 E i A IR that A AT A IRBER , HENZ : 2 that 51 5 8 £ 15 M )
EAEAL TR E W that ANEEA WS s 4 that 51 0 FIHE WAL TR AR | 7B E
Wit ) that n] LA I

That you failed to use Am pere Circuital Theorem correctly was a pity. 1R IRAK K g
IEWE 28 e B, (that ARAT4)

It was a pity (that) you failed to use Am pere Circuital Theorem correctly , TRisIE/R

KBEIE B 2 R B B, (that W 45)
1014 FIENGATATFHAENREMER

(D if 51 EE NG TE G WA E.

(2) Tt is said (reported)... &5F4H ) £ iH I AJA A AT .

(3) It happens.... It occurs... &5 A9 15 N A) AT 2R,

(4) Tt doesn’t matter how/whether... &5#) 71 A9 =15 A AR AT H2 07,
(5) & Fif W) 52 5 ) o BE [B) A IR 32 1 D) AN ] 21

10.1.5 What 5 that #5| S F1E MBI BT HIX 3

What 515 £ 15 AT AT 58 25 4] 7oy a0 21 VR0 R R BEA I . That A
VEARAT ISy o i ATk B AT, JF AR i ] TR U i i chat n] LU

10.2  E Al RIE 5

10.2.1 Heat and the First Law of Thermodynamics(F R # & —E &)

Heat is energy that is being transferred from one system to another because of a

I
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difference in temperature. In the seventeenth century, Galileo, Newton, and other
scientists generally supported the theory of the ancient Greek atomists who considered
thermal energy to be a manifestation of molecular motion. In the next century, methods
were developed for making quantitative measurements of the amount of heat that leaves or
enters an object, and it was found that if objects are in thermal contact, the amount of
heat that leaves one object equals the amount that enters the other. This discovery led to
the caloric theory of heat as a conserved material substance. In this theory, an invisible
fluid called “caloric” flowed out of one object and into another and this “caloric” could be
neither created nor destroyed.

The caloric theory reigned until the nineteenth century, when it was found that
friction between objects could generate an unlimited amount of thermal energy, deposing
of the idea that caloric was a substance present in a fixed amount. The modern theory of
heat did not emerge until the 1840s, when James Joule (1818—1889) demonstrated that
the increase or decrease of a given amount of thermal energy was always accompanied by
the decrease or increase of an equivalent quantity of mechanical energy. Thermal energy,
therefore, is not itself conserved. Instead, thermal energy is a form of internal energy,
and it is energy that is conserved.

We will always talk about energy transfer to or from some specific system. The
system might be a mechanical device, a biological organism, or a specified quantity of
material such as the refrigerant in an air conditioner. A thermodynamic system is a system
which can interact (and exchange energy) with it surroundings, or environment. A
process in which there are changes in the state of thermodynamic system is called a
thermodynamic process.

In this part, we define heat capacity, and examine how heating a system can cause
either a change in its temperature or a change in its phase. We then examine the
relationship between heat conduction, work, and internal energy of a system and express
the law of conservation of energy for the thermal systems as the first law of
thermodynamics. Finally, we shall see how the heat capacity of a system is related to its
molecular structure.

We describe the energy relations in any thermodynamic process in terms of the
quantity of heat Q added to the system and the work W done by the system. Both Q and
W may be positive, negative, or zero. A positive value of Q represents heat flow into the
system, with a corresponding input of energy to it; negative Q represents heat flow out of
the system. A positive value of W represents work done by the system against it
surroundings. such as work done by an expanding gas, and hence corresponds to energy
leaving the system. Negative W, such as work done during compression of a gas in which

work is done on the gas by its surroundings, represents energy entering the system.



LESSON 10

When the law of conservation of energy was first introduced in previous chapter, it
was stated that the mechanical energy of a system is conserved in the absence of
nonconservative forces, such as friction. That is, the changes in the internal energy of the
system were not included in this mechanical model.

The first law of thermodynamics is a generalization of the law of conservation of
energy that includes possible changes in internal energy.

It is a universally valid law that can be applied to all kinds of processes. Furthermore,
it provides us with a connection between the microscopic and macroscopic worlds.

We have seen that energy can be transferred between a system and its surroundings in
two ways. One is work done by (or on) the system. This mode of energy exchange results
in measurable changes in the macroscopic variables of the system, such as the pressure,
temperature, and volume of gas. The other is heat transfer, which takes place at the
microscopic level.

To put these ideas on a more quantitative basis, suppose a thermodynamics system
undergoes a change from an initial state to a final state in which Q units of heat are
absorbed (or removed) and W is the work done by (or on) the system. For example, the
system may be a gas whose pressure and volume change from P,,V, to P;, V. I the
quantity Q —W is measured for various paths connecting the initial and final equilibrium
states (that is, for various process), one finds that Q —W is the same for all paths
connecting the initial and final states. We conclude that the quantity Q —W is determined
completely by the initial and final states of the system, and we call the quantity Q —W the
change in the internal energy of the system. Although Q and W both depend on the path,
the quantity Q —W, that is, the change in internal energy is independent of the path. 1f
we represent the internal energy function by the letter E, then the change in internal
energy,AE=FE;—FE,, can be expressed as

AE=E,—E =Q—W (10-1
where all quantities must have the same energy units. Eq. (10-1) is known as the first law
of thermodynamics. When it is used in this form, we must note that Q is positive when

heat enters the system and W is positive when work is done by the system.
10.2.2 Kinds of Thermodynamic Processes(# 1 i IR 9 FK)

In this section we describe four specific kinds of thermodynamic processes that occur
often in practical situations. These can be summarized briefly as “no heat transfer” or
adiabatic, “constant volume” or isochoric, “constant pressure” or isobaric, and “constant
temperature” or isothermal. For some of these we can use a simplified form of the first

law of thermodynamics.

Adiabatic Process (4 # 3T 12)
An adiabatic process is defined as one with no heat transfer into or out of a system,

Q=0. We can prevent heat flow either by surrounding the system with thermally

M
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insulating material or by carrying out the process so quickly that there is not enough time
for appreciable heat flow. From the first law we find that for every adiabatic process
E, —E, =AE =—W (adiabatic process) (10-2)
When a system expands adiabatically, W is positive (the system does work on its
surrounding), so AE is negative and the internal energy decreases. When a system is
compressed adiabatically, W is negative (work is done on the system by its surroundings)
and E increases. In many (but not all) systems an increase of internal energy is
accompanied by a rise in temperature.
The compression stroke in an internal-combustion engine is an approximately
adiabatic process. The temperature rises as the air-fuel mixture in the cylinder is
compressed. The expansion of the burned fuel during the power stroke is also an

approximately adiabatic expansion with a drop in temperature.

Isochoric Process(Z &k i3 78)
An isochoric process is a constant-volume process. When the volume of a
thermodynamic system is constant, it does no work on its surroundings. Then W=0, and
E, —E, =AE =Q (isochoric process) (10-3)
In an isochoric process, all the energy added as heat remains in the system as an
increase in internal energy. Heating a gas in a closed constant-volume container is an
example of an isochoric process. (Note that there are types of work that do not involve a

volume change. For example, we can do work on a fluid by stirring it.)

Isobaric Process(ZET 1)

An isobaric process is a constant-pressure process. In general, none of the three
quantities AE, Q, and W is zero in an isobaric process, but calculating W 1is easy
nonetheless.

W =PV, —V,) (isobaric process) (10-4)

Isothermal process(Z8 1 #8)

An isothermal process is a constant-temperature process. For a process to be
isothermal, any heat flow into or out of the system must occur slowly enough that thermal
equilibrium is maintained. In general, none of the quantities AE, Q, or W is zero in an
isothermal process.

In some special cases the internal energy of a system depends only on its temperature,
not on its pressure or volume. The most familiar system having this special property is an
ideal gas. For such system, if the temperature is constant, the internal energy is also
constant; AE=0, and Q =W, that is, any energy entering the system as heat Q must
leave it again as work W done by the system. For most systems other than ideal gases the
internal energy depends on pressure as well as temperature, so E may vary even when T is

constant.
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atomist JR 2B R
manifestation FIIE K
thermal contact P fih
thermodynamic system I %# KRG
caloric a. A sn. AOTD
phase AH
initial state EURSS
adiabatic 7 R
isobaric SRR Y
thermally insulating material

o AR
compression stroke J 4 i A
power stroke [VezIRuLEE

thermal energy
molecular motion
internal energy
thermodynamic process
heat capacity

heat conduction

final state

isochoric

isothermal

adiabatically

internal-combustion engine

3 FUREFEBEAREE-I0 BE

1. BERNREFE

accuracy control 8 15

accuracy grade YE#f &R

accuracy index  WEMA BE ORG B ) 5 %
accuracy requirements {fEffi B B R
high accuracy &k &

percentage of accuracy EH I H /%L
order of accuracy HE#E

overall accuracy RAH B . BLVEAG
standard of accuracy YEM PR ifE

to an accuracy of... FFEK-e---- ER R
with accuracy  1F Bfi b . B b

within accuracy of... FHEEK-e---- ES 3
with an accuracy of... ARk JLheeeees

......

within the accuracy of... TE--- [k B 0 Bl N

the accuracy with/to which... -« [{¥5 &

accurate to... fHJEKeee EHIF e

accurate (to) within... TR - Y3 Rl 22

be accurate to dimension fF& TR ~F

be accurate to/within plus or minus five per cent

i .

o Tisg)

M fiE

PAPIE SR
e T
SR
SR Y

24 F it

AR

R 2 ORF BE7E) =5 20 LN

With care a micrometer will give an accuracy of better than 1 part in thousand. f#

i
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PRI MG RE 25 R R T 0. 1 00 M HERR B

It is impossible to say with any accuracy how many are affected. JCi& Q1 fA] t0 156 AS Ui
XA 2,

The volume measuring accuracy of this system is £0.25%. Z 42 A9 245 R
+0.25%.,

Readings can be obtained to an accuracy of one micron. FRAFATEERRE LRI IK 1 pm,

The discrepancy is within the accuracy of the analysis. RZETESHIAEEILRZ M.

The accuracy with which scientists can use laser can also be of help in making
different kinds of measurements. F}22ZZ {f FH OGP 6835 2 A AE BE XT3 47 5 Alb 4% Fh il 2 b
AIREAT TR

It depends on the degree o f accuracy to which the parts must be made. X BT i 1
T T IV 3 3 AR ORG E

All input data are accurate to three significant figures. g% ARIEIERE 2 3 vl

This apparatus is accurate within microseconds. X 5 %% & FKE B FE E SR 2 Y .

These parameters are known with an accuracy ()f 5%. 1k Ee 2R O AR B B
N 5%,

The components can be positioned with an accuracy better than 0. 010 in. X $5FE {4 [#

FE FAORS B BE 0T 55 F 0,010 in,
2. F The function(Z, purpose) is + BRI ERFRIZIEE

It has several functions and probably the main one is to hide the structure of the
instrument. EA G ILAER], FEE BRI REIE N T HEIX 5 0 19 P 700 25 14 3 o B2 >k
At the end we have a clear glass, its function there is to give you a view of the circuit

inside. TEA Y FH 1208 W BHE & RO 1R 7 45 L HL 320 1% e e

3. HftRiz A& . BRI aERYIAIE

be designed + A A g 2 (B for HiE)

help + #hia A E =

have the function of

serve the purpose of

The building is designed primarily for students rather than teachers. 3X Ji& & 571 & it 2%
Az AN J2 B 0 F Y

The cast glass helps to express the structure of the lab. K& I A BT B 5 H L%
EYIELT I

It also serves the purpose of giving access over the roof for maintenance and for

cleaning the glass. i 1] LI F & 21 52 46 25 10058 25 347 44 AT 15 B
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1.1 YEFEVHEIEIHEIFZNG

B TR R I AR A2 5 R TP VR R I 44 TR R 38 R RO 32 ) 1 Sl iE) Ol 3 i) B
iRz fE . Bl .

For a situation like this, in which the current is discontinuous in space, Ampere’s law
is not valid. In following, we will see how Maxwell was able to modify Am pere’s law so
that it holds for all currents. PR E PR RANESZNEN, ZEERMARSTT. T
T FR AT A 7 B 22 v 307 5 2 A0 8 1F 22 55 o A DT A %o i A Fl, i AR

This law describes how electric field lines diverge from a positive charge and

converge on a negative charge. Its experimental basis is Coulomb’s law. XA~@&H ] T

HH, 37 2k Q0] & 80T IE fE fr VSR T R o, HU SR AR S 2
1111 EEMNGH S SF

1 N A) A H % 3R] that A1 whether/if . 7% 382 48 0] ol % £z 8] 10, DL &% & & XA what
g5,

1) that 5|4

It is a common fallacy to suppose that mathematics is im portant for physics only
because it is a useful tool for making com putations. NI B 5 iR A B 5T 9 BUAR &
T e fe—FiA TR T A,

Stated in words, Ohm’s law says that the steady current through any portion of an
electric circuit equals the potential difference across that portion of the circuit divided by
the resistance of that portion of the circuit. WU EFRFIET RIR N . BB P 10H
DL SR FBE A5 T K A 1) R AR 2 B DX R 3 i HL B

Archimedes principle states that a body wholly or partially immersed in a fluid is
buoyed up by a force equal to the weight of the fluid displaced by it. P JEAK 15 JF P % R
e BB AFREAE K B AR 2 B I ) A T AR HE TR AR 1

That 5| S 09 M\ 8] % BB T 3B &5 18 J5 /F B 1% afraid, anxious, aware, certain,
confident, convinced, determined, glad, proud, surprised, worried, sorry, thankful,
ashamed, disappointed, annoyed, pleased, hurt, satisfied, content ¢, 0.

I am afraid that the shock waves will be very strong in this case. TEX PG BT . 2L
il P AR

2) whether/if 5|

Before making this case a general rule, test it by experiment two or three times and
see i f the experiment produces the same effect. FEHLIX —1F 0 E N H HLZ 87, Je B =k
S A R R R R

In order to determine whether a system is performing properly and ultimately to

I
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control the system performance, the engineer must know what the system is doing at any
instant of time. J T #iE RG & B WM iZ 1T DL R & mEH Ra kg, TR R SHRER T
fift RGBT 4

I wonder i f the wvoltage is high enough. T AFEBER BB E.

3) AT

Put them together and see which is larger. BTN K EF WA E K,

We'll do whatever we can to measure the magnetic force between the two parallel
current-carrying wires. FRATHF S FRATT BT RE A M 13X WG A4~ 47 H 3k 1) B9 AH ELAR FH R O

1 don’t know who /whom you mean. F&AHIEIRIEHE .

You can take whichever you like. K7 W5 WEANIT,

Few people knew what the relativity meant at that time. HEETAR/DAE N AR,

4) HEERE 5] T

We often fail to realize how little we know about a thing until we attempt to simulate
it on a computer. 7EIRATIKE FHIHEHEI — 5 Z 50, ATE & B IRABEMTEN T
ke ab,

Our success depends upon how well we can cooperate with one another. FATH) LTI EL
T ) 1Y RS AE

The sum, difference and product of continuous functions are also continuous. The
quotient of continuous functions is continuous except where the denominator vanishes. 3%
ZEPRAA N 22 BT AR R 21, 7 2k bR B A BT AR 0 BEAN O B 2

This essay aims to explore why quantum was put forward at that time. A 3SCFKEHIT
Ttk 5 BB S SRR I 4

I'd like to know when the electrification will be finished. FARAE I E 7 AT A4 B2

Db

g,
5 KFMIA what 5] F
In order to determine whether a system is performing properly and ultimately to
control the system performance, the experimenter must know what the system is doing at
any instant of time. ] T i€ RGEAEIZAT R A A 42 T AR ) R ST PR RE L SEER N DAL 2
BE I T % R G4

First let’s introduce what the Atwood’s machine is like. B it ATNH— T W45 R
AL,

L&Y A G A4 — A 221 N a) ((E A 305 38 5 R4 that AL if 515 09555 DD .

From what Maxwell stated s the displacement current was reasonable. M52 Jii =
I, A A% HL TR B Y

A WA B A buts except) Al #% that 5] 5 By =1 M A] .

The experimenters need do nothing about it except that they should turn the power

on. SCUY A B T BE U A i T 2 BB R T A
1112 EEMNDEEXEE it
MR M) G IR AN IR B R R T A BRI A, 38 R R O N ) b fif
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e R =T i, M 5 IE R = E N 24K,

I think it best that you should explain the Guass’s law in detail now. FKINNIR I
PUAE KA o W BRAT AR —

He hasn’t made it known when he is going to get started with thermodynamics.
U E A AT I TF R A T 2

She found it difficult how she could answer the question about Maxwell’s Equations.
1l S B ] 24 33K A T A2 v 7 5 T AR AL ) AR IR M

The director made it a rule that every graduate student should make at least one
presentation in the discussion. S EG T RAEEITENZEDE —IKT .,

11.1.3 %13 that A9 & BE o] &

51 =1 N A] Y % 6] that 38 % AT DL W .

Einstein thought (that) the quantum theory was unreasonable. 7 R HrIHI\ K& T H
WHELLE A

She said (that ) the equivalent capacitance of a series combination of capacitors
would be less than any individual capacitance in the combination. fib15 3 585 B B 245 %% 19 B
LA /N T H AR — S A SR I LA,

1 promise you (that ) I will be there when they maintain the equi pment. & MNARTE
AT s R 2 KRB .

I hoped (that ) I would /should succeed in the experiment. KW B STE LI
I,

He thinks ( that ) they will fix the equipment on time. A8 AT 2> $5 B 48 28 4 %
I,

He thought (that ) they would set up the equipment in time. MARTEMA] 230} 2 2E
R A Y

I expect (that ) the experiment’s result will turn out perfect. FBHE LK 1Y 45 Fobr 2=
R,

I suggested (that ) they should handle the device carefully. F& & W ABAT /N O Y\
WA,

LY A TR, that 51 589 ZE 55 W) Al AL T 0] 1 L St chat A A 40 B,

That the electric appliance should be grounded 1 know. X HI %% I % 2 H#i, 3 2
SEERNN

1114 EENGDSEEHH

2 4iA think, believe, suppose, expect, imagine J&5# — R /R G E 2 X015 M A)
IF, HC A S 3 L R B i

1 don’t suppose that the data they presented is true. TN EIEA EEM
(M A 1 suppose that the data they presented is not true. ),

I don’t think we need waste much time on the maintenance. FAIRATA U TEAL 25 4k
I b AE K 2 E] (M A 2 1 think we need not waste much time on the maintenance. ),

I
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1115 AEEAES that W EIEM G

IR EEIE AT that 76T FIE B0 T — A 4 8%

D) B NATHTA AR, .

We hope, on the contrary, that he can find the kinetic equation for the simple
harmonic motion. A4 405, AT A R b B 0% 4k B T B2 h iz gh2= e .

2) AL TEIEm . 0.

He told me that he would apply Huygens Principle to describe the propagation of
waves. b8 R TR A 2 25T S T 2ok A 34 U A A5 4

3) that £ 5 ZIFFN M — P EENGZE. .

The book states (that) the standing waves are very interesting and that ( R £ %) a
standing wave does not transfer energy. WA UL TP AR A R L 3F 3 WAL R RE o .

4 OB =B HAMET Z AR, .

Teachers think iz necessary that physics is taught with multimedia. ZR{TA N A H
LR Y P I LB

5) that M) B [a] 25 [a) RN, 20

—What did he hear? fiWr it T 41457

—That Kate had found a new way to prove the theory. (fWr i) FL4E & B T — L BH
XA PRI BT TT .

6) 7E except Al f5 . .

The experimenters need do nothing about it except that they should turn the power
on. LH A G KA AR, oAb A A A FRAS T 2

D AL TATE R, .

That the wave like this is nothing but a standing wave, I believe. F&H{E 151X # I
TR .

8) TER M IE B F i) 316 (41 reply. object) J5. Ui

The editor replied that the paper was accepted. YR L EWEZT .,

11.1.6 FiBAEEEIZIR that A AYEN1E

XK )i A allow, refuse, let, like, cause, force, admire, condemn, celebrate,
dislike, love, help, take, forgive %, X 2&in] J5 v LA A 2 X 5k 8h 44 146 2= 08 (H A 7T LA
that 51 F = MNA],

11.1.7 RO H that N\BIEBEREENFNIE
RS A A ] T <A - )3 E - that AT SR L LA envy, order,

accuse, refuse, impress, forgive, blame, denounce, advise, congratulate ¢, %40
He impressed the expert as an excellent experimenter. (right)

He impressed the expert that he was an excellent experimenter. (wrong)
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