Copyright statement

The images and the pictures in this
lecture are provided by the CDs
accompanied by the books

1. University Physics, Bauer and Westfall,
McGraw-Hill, 2011.

2. Principles of Physics, Halliday, Resnick,
and Walker, Wiley, 8t and 9t" Ed.

The rest is made by me. /.
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All about vectors!
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Coordinate rotation

;. / Y,
a, = a, cost + a,sinf

a, = —a, sinf + a, cos ¢
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(1) Geometric method
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(2) Algebraic method
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(3) Unit vectors

2D

a=(ag,ay) = am% + ay3

3D

a=(a;,a,a,)=a;i+a,j+ ak
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1. Geometric method, parallelogram method
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2. Algebraic method, adding components
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a X b=ab



vector &5}7|: scalar product
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Component of 5)

along direction of
ais b cos ¢

S Component of @
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i b= abcos ¢
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Vector &5}7|: vector product

gxb= absin ¢¢ ||,

(a)g ixb = —gx&’,

§ adx (b+¢) = adaxb+axd,
x| ax(kb) = k(@xb),
1;3 axa = 0.

(b)
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.(cxa):C*(aXb\)
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i = ﬁ:(l,0,0)

j — 5/’:(0’1,0)

k = 22(0,0,1)
S i-j=j-k=k-i=1x1cos90° =0

i-i=j-j=k-k=1x1cos0°=1

ixi=jxj=kxk=0

— = — — — = = =

» ixj=k, jxk=1 kxi=]j
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a=a,+a,+a,

a=azi+a,j+ak=(az,a,,a,)
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a+b = (azi+ a,j)+ (bsi+b,j) = (ax + bs)i+ (ay, +by)j

a-b = (ami+ayj)' (b£i+b’y-])
= (agby)i-i+ (ayby)i-j+ (ayby)j-i+ (ayby)j -]
= agzb, + ayb,

axb = (a£1—|—ayj) ( I:l_l_b’yt])

(azby)i X i+ (azby)i X j+ (ayby)j x i+ (ayby)j X j
azb,k + a,b, (k)
= (azby, —ayb,)k



axb = (a,b,—a.b,)i+ (a,b, —ayb.)j+ (ayb, —a,b,)k
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Sample problem

- — _EE
= 7 ; - f -
______ 30° d=b+a-c
¢ = a=2.0km, East
—— b = 2.0km, 30° North of East
0 1 2
(a) (D) C :10km, WeSt

dy = a+bcos30° — ¢ =4.732 ~ 4.7 (km)
d, = bsin30° = 1.0 km
d = \/dg +d2 = /472 + 12 = 4.8 (km)




Sample problem

s a = (42m)i— (L5 m)j.
\ b = (—1.6m)i+ (2.9 m)j,
I - @ = (-3.7m)j,
‘; 2 r = a+b+c="
s T rr=a +b +c, =2.6m
(@ r,=a,+ by +C, = —2.3m
26 .
7T 14 ; _32334 r =(2.6m)i—(2.3m)j
* ; r =/(2.6)? +(~2.3)> =3.5m
‘ ,—2.3

) 6=tan™ =41
26




Example
a = 3.0i—4.0j, b= —2.0i+ 3.0k : ¢ =?

a-b = abcosp
vV 3.02 +4.02 - v/2.02 + 3.02 cos ¢
18 cos ¢

a-b (3.0i — 4.0j) - (—2.0i + 3.0k)
—6.0i-1+9.0i-k+8.0j-1—12.0j-k

—6.0

¢=Cos™ =89 109
18.0




3.0i—4.0j, b= -20i+30k:c=axb="

o
|

axb=(31-4))x(-2i+3k)
=—6Ix1+91xk+8Jx1-12)xk
=9(—J) +8(-k) —12i
=-121-9)-8k

Cea=(—12i—9j—8Kk)e(3i—4j) =—-36iei+36jej=0
Cob=(—12i —9j—8K) e (~2i+3K) =24i ei — 24k ek =0



Face diagona

b= 2eosal

-, Problem = -1

(a) Body diagonal, z= AtO|2| ZF

(= w
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b= bwsefjga®@:J
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