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* The vector equation is equivalent to three equations:
R=A+B
R =A+B, R =A+B, R =A+B Y

* The scalar (dot) product of two vectors is

A-B=ABcos@=AB +A B, + 4B,

+ The vector (cross) product of two vectors is k
AxB=ABsin0h /

where the direction of n is given by the right-hand rule.
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Products of Vectors

Let @ be the smaller of the two angles between @ and B.
Then

T-5=h-T=ab, + ab, +ab, =abcosf

i ]k
Txbh=-Dxd= a, 4, a
b, b, b,
sla, ag| |, oa, - la, a,
e, b T b, h;‘ Y b,

= (a,b, — byai + (a,b, — b.a,)j + (a,b, — ba )k
I7 % Bl = ab sin @

B. F&Hi;

d n n-1 n a n+l A7 4L
—(ax") = anx Jlax"dx = ——x a: g
dx( ) -[ n+1 ﬁJE]T

Derivatives and Integrals

. sinx =cosx J sin x dx = —cosx

(X

J Cos X dy = sin x

—CosX = —sinxy
i
i J
— et = T e dy = e*
iy
J —_:I_!. = In(x + /2% + &%)
VIt +od

Xy _ 1
(x2 + a2)*? - (32 + g2

dx _ x
(x? + @) @?lx? + e

27455 AR - F T e ]
(A) 47 velocity --- /#72 displacement
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(B)-77 work
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W = lir (Y F,-Ax, )= [F, dx

1
Thus, the work done by a force F, from an initional point
Ato final point B is

3.EEFR ST RS

To find the center of mass of a continuous body one must
integrate the contributions of each mass element dm. Exl:& L %?fé_ = M

r =L Irdm =L J‘r/{(r) dr

cm
body body

‘l 2
=— |\ro®)dr

Mbc;.:h'

1 ) Ex.2 d B R A
=a7 TP 455 0 & SUEE

body - e
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C. = izt
Binomial Theorem
. ax nln — 12 )
(14+x)=1+=—F—t .. (x2 < 1)

1! 21

D. 153 HyRdwmne | B R 1T



Ch. Introduction and Vectors

Physics : study 1. composition of matter — Elementary Particles
2. interaction between particles — Fundamental Forces

Category of Physics :

Classical Physics Modern Physics
Mechanics, Relativity and
Thermodynamics, Quantum Physics
Optics, and Electromagnetism

© 1-1 Standards of Length, Mass, and Time

SI Units
Measurements — standards or Units

International System of Units (SI units) :

ﬁ Base units :

Physical Quantity Name Symbol

Length meter m

Mass kilogram kg
Time second S
Temperature ampere A
Electric Current kelvin K

Amount of Substance mole mol
Luminous Intensity candela Cd

Derived units : combinations of base units
- Ex: (1) The Sl unit of force is called the newton (N ), N = kg-m/s* (F = ma)
(2) The Sl unit of energy or work is called the joule (J)
J = N-m=kg-m?/s? ( W=F-As)

i’/\‘i Table 1.4 : Some Prefixes for Powers of Ten

Factor | 10® | 10 | 10° | 10° | 10%® | 10° | 10° | 10® | 10° |10%% | 10

Prefix | peta | tera | giga | mega | kilo | centi | milli |micro| nano | pico |femto

Symbol| P T G M K g m i n p f




© 1-2 Dimensional Analysis (p8)

—Check Units

We say the dimension of a distance is length, [L]
Ex:
N = kg-m/s?, the dimension of force [F) = MLT?
An equation must be dimensionally consistent.
eg. x=at/2=L=(LT?(T)=L

I 1/2 L 1/2
T=27 |~ S [T]=[g]2 ST=[—
" [TI=[l/] 7]

p.9 Exercise 3 and Example 1.2

© 1-3 Reference Frames and Coordinate Systems

- A coordinates system used to specify the position

in space consists of

~ (1) Afixed reference point O, called the origin.
(2) A set of axes.

1. _ (or rectangular coordinate system) (Fig. 1.1)

—X. V. and z axis. mutually perpendicular.

2. Plane polar caordinates : (r, ¢

Transformation between Cartesian and plane polar coordinates :
X =rcosé
{ y=rsind
tand =y/x
r=yx*+y?

© 1-4 Vectors and Scalars

or

A physical quantity :

scalar | mass, work, energy, power, ........

vector | position, displacement, velocity, force,........




scalar a : magnitude

vector A : magnitude(w orA) and direction.

Ex:

© 1-5 Some Properties of Vectors

1. Equality of two vectors :
A=B < (1)A=B
(2) A,B inthe same direction
2. Multiplication of a vector by a Scalar

A D if >0 then ‘m&‘ :“W’ direction unchanged

@ if <0 > then ‘aﬁ‘ = —aw, direction opposed
3. Addition :

Fig.1.2: R=A+B=B+A « Triangle method of addition

4. Subtraction of Vectors

Fig.1.3: R=A-B=A+(-B)

© 1-6 Components of a Vector and Unit Vectors

1. Use unit vectors i, ] K — lie along +x, +y, +z axis respectively

Unit vector : The magnitude is 1



See Fig. 1.4

A=A +A +A

<Fig. 1.4
2. The magnitude of A is given by
B
R
=
Figl.5 —
A=A+ A + A emeeeeee [1.2]
Given A=Aji+A j+Ak and B=B,i+B,j+Bk
— weobtain R=A+B Fig. 1.5 (2 dim. case)
R=(A +B)i +(A +B,)J+ (A +B)k ---reremee [1.3]
i-e- RX:AX+BX y Rysz+By y RZ=A2+BZ """"""" [1.4]

© 1-6 Scalar (dot) Product




AeB=BeA=ABcosd

© 1-5 Vector (Cross) Product y X

AxB=ABsindA  vector
Right-handed

ixi=0 jxi=-k Kxi=0

ixj=k jxj=0 kxj=k

fle:—j ]xIZ:iA kKxk=0
P] k

>
X
W
Il
>
@ >
o >

Ex 2.4 : Find the scalar and vector products for A=8i + 2] — 3k = (8, 2,-3), and
B=3-6]+4k=(3-6,4) -

Ex 2.7 : Find the scalar and vector products A=3i — 2] +k =(3,— 2,1),
B=i+4]-2k=(L4,-2) -

sol : AxB=7]+14K



Electric Potential

© Potential
1

. Electrostatic force is conservative

frq%—?» : electrostatic force J425 ¢+ gravitational force:
= _ ka,q, - = _Gmm, .
Fe = r—zr Fg = r—zr
for apointcharge o . q . Gm, .
_ kq r 9= r
Ee = —zlf C o>
r Fe

- Gmm, . N m . " .

> F, = r12 2f =F(r)f (Central force) ¢ :Ci—zr = F, : conservative force

=> gravity potential energy 2 W = j F.ds Independent of the path

and only depend on the initial and final position

. - kq,q, . .
> electrostatic force : F, = —q12q2 F = F(r)7 (Central force) ..the same formas F,
r

W = _[ F.ds = J': F(r)dr .. conservative force

> electric potential energy  (F5"fj-)
2.  electric potential energy

AU, =-W =—[F,-ds (. electrostatic force F, = qE )

internal
=—[qE-ds

U,-U =—[ qE-ds

@ if point charge F, =

1. _kaQ kagQ
rr r, I

Assume U(w)=0 U, -uU

U(r):kq—Q for r>oU_=0
r



The potential energy is the external work needed to bring the charge g from oo to the
separation r

@ a system of point charges

r-12 r13 r23 fi

U= kqqu + kq1q3 + kQ2QS n _ quiqi

3. (electric) potential [t (f %2 H] F‘%)

<Note>
chfﬂ‘ A potential energy U, = _kaQ a property of point charges (including
the test chargeq) in space
AR IR )
> potential F= k?ZQ
AU 1
AV === ==(-[qE-ds)
q
=—[E-ds
Assume V(0)=0  for a point charge:
AV= V, -V, _—ijd _ (R _KQ,
re f
_kQ_kQ
re
k K
Vi :_Q Vi :_Q
r, r
<Note> ;a0 e TS OF » HERIFRE
4. Sl Unit'

(1)U(Fgf <) or Nem

@V(E®): 3L or (NOm or V(&)
V
e - N _
() Fersp: N/ -
4FICT‘i$;LEJ[H Bl qu—‘j FiAc &l
FEFET Y L T 2 %M’W%%ﬂH
<Note>: | Jsfu2{dn
Ex: F=xyl GHRY ) IJV:'\‘J BRERT 1 a1



5. 1eV=1602x10") - 1e=16*10"C

© Potential and potential energy in an uniform E

f
1. if E=—Ej V,-V,=—[E-ds=—[E-(dxi+dyj)=E[dy=Ed (ref

Fig 25.3)
2. Equipotential : electric field lines are perpendicular to the equipotentials and
point from higher to lower potential
3. potential energy of point charges U=qV
for point charge g at the distance r from the source charge Q

U(I’):quQ for U(0)=0

© 8§ Continuous charge distributions
Lo HPR i EHET
If V(0)=0  V,=[dV (scalar i'7Hl)
_ [ “o..
r

<Note> = i #L0E © BEIUFE T 20 (. F| )
It is not suitable for an infinite distribution of charge g dV
> (V(0) = 0) [T =

© 2. Vg -V, = —_[ E - ds <] Gaussian Law P

Ex: Find V, ata point on the axis of a charge ring r
<sol>

Set V(o) =0 L»

~ _ckdg kdq 3 K
Ve = [av, =] = ‘I(a2+y2)%_(a2+y2)%

[dg

@ +y")”

Find V, ata point on the axis of a nonconducting charge




disk with radius a and surface charge density y , ?
m

<sol>  [HHRRLENAEL % i i [l A BB R

kQ
V, =——<
(a2 +y?)?
dv,, = kg dg = o 2zrdr
(1 +y?)
~ B kdq
o =for <[ M
r
=ko2zr| ——— =20kr (a2+y2)%—y
by [ |

ITy>>2, £50 Vy=2ukely(L+ (1)) -] =2zzka[y(1+%(§)2)—y]

2 2
2y y y

b1 FE T T, [ R
AV =[dV=-[E-ds

dV =-E - ds = - (Exdx+ E,dy+ E,d2)

:>EX=ﬂ , Ey:ﬂ , Ezzﬂ

OX oy oz

E=(—aa—v)?+(—ﬁ)]+(—g)l2 For AU =—[F -ds
X oy 0z -au

:(1) For1dim:F =

OX
0 » 0 = 0 ~ i P __aU . __aU
(3) For3dim:FX:_aU F :_—6U_ F :—6U

ox Y oy G/

o |

Ex A Charged sphere shell , charge Q , R, findthe V., for ®r>R ®r<R (the
N



same as charge spherical conductor)
<sol> forr>R

10 = §E -dA= "

S
Eam? =2
So
KQ/R? F----- . ,
-E— Q f‘—k : E E=kQ/r
. o - 2 - 2 1
Ar e, r r !

2° AV :%:%(—)jqﬁ-d§=—fﬁ-d§

Vi ~Viey = =, E(r)dr

y
0

v Q

=V =———
)V an s R

(r) ~
<Note> E-r , V-r [faﬁl

Uniform distribution charged sphere Q , R, find potential for “r>R ®r <R
<sol>

(a) outside , r>R

1°E47z1’2:g ~E= ? oci
€ At e, I

2° AV=—[E-ds V, -

Letr=R

Vo =V

(b) inside r<R



1°§E-dA=Q—i”

S

Qr’
Edar? =0 _ Aa

So So

Qr

T € R?

ocr

2°AV =—[E-ds

J‘R4zze R3

Q _ Q (E(rZ

Vo~ 3
47zeoR 4re, R® 2

rr 1
Vip = ___2 Py
47z eo 2R 2

2

(__

472' € R

-R)
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