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1.2 LAEIFFEE
1.2.1 Introduction(3| )

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”), 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(Hfja 5 25 [g)

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
that space has no “graininess” and that whatever its properties may be, they are
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 (or 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.




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)ZlO_”’ m 1 micron (por pum)=10"°m
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(1) We can assume a freely falling body moves in one dimension under constant
acceleration if we neglect air resistance.
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(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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Analysis of projectile motion is surprisingly simple if the following three assumptions
are made.
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The analyzing of projectile motion is surprisingly simple if the following three
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Analyzing projectile motion is surprisingly simple if the following three assumptions
are made.
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Projectile motion of the ball needs to be analyzed now if the following three

assumptions are made.
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The acceleration of the car is due to the force applied on it. ZE ) HN#E & B T 40 F1 1
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WA The acceleration of the car=The car accelerates.




In the case of all freely falling bodies, gravity is essential in the change of the
velocity. FA M B h &4z 3 B i, B B R AR TR E A,

H o the change of the velocity=the velocity changes.
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A rigid body can change its position by translation or rotation. W& & ) ok 28 7] L)
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Kepler’s laws have found application for the exploration of the planets. FF 3% #) i £
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/) A] A8 &y People have applied Kepler’s laws to explore the planets.
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Friction of fers resistance to the movement of the block. EE# /7 PH8 A3k )iz 3) .
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movement of the block.
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I have a doubt whether the instrument works well. FPEEX NI EBIZFT BRI,

A AT L g il T doubt whether the instrument works well or not.
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Kepler’s laws had been developed. For this reason, Newton could discover his laws of

motion.




LESSON2 —

DA b 6 ) AT B 4% R4k 45 4 4 5 26 35 8 the development of Kepler’s laws #1 for Newton
to discover his laws of motion,
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The development of Kepler’s laws makes it possible for Newton to discover his laws
of motion.
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If we substitute some rolling friction for sliding friction, we can considerably reduce
the friction.
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The substitution of some rolling friction for sliding friction results in a very
considerable reduction in friction.
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Last year 17 major changes and improvements were made toward making the lab even
more perfect.
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The engineers are confident about the motion of the “Shenzhou” spaceship from the
very beginning.
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The engineers are confident how the “Shenzhou” spaceship moves... | IE X #& BE K R FEAK .
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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.




2.2 FTAEEFERE
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(%& &%)

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=A+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=1)




Vector Subtraction (& B i%)
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#3/&7%R)

The scalar product of any two vectors is defined as a scalar quantify 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 = ABcos ¢ (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.

/
/
s /B Y’Qosb}
P’/
-B
C=A-B B
Fig. 2-3 Vector subtraction Fig. 2-4

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 AXB 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=AXB= (ABsin$)n (2-3)

Fig. 2-5

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




2.2.3 Unit Vectors(BE A& 8)

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, (or i,j, and k) respectively (Fig. 2-6). For example, the
vector A,i has a magnitude | A, | and points in the positive z 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+Aj+ Ak (2-4)
The addition of two vectors A and B can be written in terms of unit vectors as
A+B=(Ai+A,j+ Ak + (B,i+ B,j+ B,k)
=(A,+B)i+ (A, +B))j+ (A, + B,k (2-5)
The scalar products of the unit vectors are
ivi=ly jej=1y kek=1, isj=0, jok=0, kei=0 (2-6)

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

given by
§0F e Pk dy sk Yok =y (2-7)
iXi=jXj=kXk=0 (2-8)
vector K magnitude K h
velocity o acceleration i3
momentum shi scalar R
proportional to 1E He parallel AT
position vector B RE coordinate system AR FR B
resultant/net vector SR addition s
subtraction U equivalent ZEH 1Y
translate SR head-to-tail method =R
parallelogram method 47Uk I diagonal Xt A 2%
commutative law T scalar product FRFR
dot product J=¥ cross product YR
vector product K area AR
right-hand rule HFEEN parallel K47
unit vector B k& unit magnitude B KN
dimensionless oM respectively 43 51 Hb,
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2.3 EUMEEEAREE-2 UHFEF

apparatus 25 E KA AR machinery HLE$% & LW

appliance #%EL H A% mechanism LA B

device X plant REVH.KE

equipment & realia ZFHHE . #H¥HMH

facilities &4 E set (ME)EE .U

gear FHHE.KE tool TR

instrument Y& X FE unit EF HMY .ol

machine HL2% . HLHR

a battery supply set Hi WAL % &%

a device for regulating temperature 35 il 15 AU 26 B
a hand-operated tool FzhT H

a remote-control gear EBIEAEE

acoustic analytical instrument 75 431X

acoustical instrument 22U AY

adlinbatic apparatus 4 HCEE

adjusting instrument P& AR TR E
all-purpose instrument 2 T B .7 BB
altitude instrument & FE{Y

an air-conditioning equipment for fifee---- R 28 8% &
an instrument for measuring the spectra il Y6 1% AL 2%
arc-suppressing apparatus K% E

beat measuring apparatus 45 iKY

bolometer & 5 #ll %€ #%

bolometric instrument #& & # &1

calorimeter it

cathode ray apparatus PH# 52810 %%
chromatographic instrument/chromatograph &%
current-measuring instrument U Fi{ 2%
depth-measuring instrument | ZR{Y

detecting instrument &ML 2§ AL #%

dial instrument  $§ 4 XK A % BE IR

digital measuring instrument %5 2 &%
displaying instrument F§/8{Y 2%

double-scale instrument  XUbR B R

double-range instrument X FR{LFE

dynamometer ZHE| HL S DAL W 13t 3 S it

echo-sounding instrument  [8] 7 £ {X




eddy current instrument 8 i #%

educational instrument #{2{Y %%

electric instrument H T &Y% B FE

electrical appliance Hi#%HE

electroacoustical instrument  Hi 7 () [ 2%
electromagnetic acoustical instrument Hi %75 22 (L 28
electronic measuring instrument Hi, il F Y 2%
electronic test instrument B, iR K (i) {X 2
electrostatic acoustical instrument #t Hi 75 22 (Y £%
electrostatic instrument i XX F+

electrostatic measuring instrument g 3 HE 3 | e =00 Y
electrothermic instrument #H XY F

fine measuring instrument }F % Il &Y 2% K % & A
first-order instrument — [} X #§

flow instrument i & it

humidity-measuring instrument ¥ & i 4 {¢
instructional instruments {22 {Y 3%

insulation test instrument %4 %% (Hi FH) I 184X 2%
laboratory apparatus SCHN 8§ CREE)

laboratory instrument SZI 2 3=

laser distance-measuring instrument/laser range finder 3 %I B {X
level instrument v it . K 4L

levelling instrument 7K #E#§ . 7K R L 4%
measuring instrument U % 3 1B (L 2%
metrologic instrument 4 {Y 2%

needle instrument F§4F B (YL 2%

optical instrument Y2 %8

photomicrographic apparatus Eﬁﬁﬂg*ﬁﬁﬁ
portable instrument i $## 7 {Y 3%

power plant/unit B S & /HPLAH

precise instrument {F %Y 2%

radio instrument JG£E 1LY B8

research instrument (RIGFF IR

resistance instrument Hi fH Y FE

scientific apparatus/instrument B2V 2% /{X 3
scientific experiment package Rl2EsLIb%EE
sensing instrument RN FE . REoTH

spraying apparatus M55 2%

supersonic thickness meter gauge 75l JE4X




surveying instrument Ul &Y% . 2L 2%
test instrument R4 T B 3% 4%

testing instrument iR KX 8%

the latest research equipment HHFHFIER %

visual instrument H #{Y#%
X-ray diffraction instrument X B} A7 5%
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B HIEFER SZH EAR, REREWSITE 16 Frat s, HERWREFEPH LK R
A VO Rh . — M BRAE B L — et 25 B BRAE 56 R A — R SR B

D — A rS

e B2 2 S8 SCHR BRI A5 e 2 9 I 285 2 — ML AR I, DA 3R 5 TG I ) 4 ) 8 o 2
M ER AR R RS, FEILE AT RE R Bl 2 2K ) B AR & AR R W AT B B
Pt 5 14 e L P ) RS 32 B [ Eg PR AR . BPE R BUAR — A B 58 B LI, B R AUE — A
W BB SE I, At AR A — M B AE B R AE 3% B At A A AT Ao e 4 AT DA XA Y S
MBI RN R, FEFALUT =/MAE.

(1) Ran—MBptuRd . m.

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) BOREMFLKAAEH, W,

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) KXW IBRAEMT R, W

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) — it L uf

TESR B LLRTAUR S ) A8 BUR Y P R R nf , 2 F A M. .

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




