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Definition of a vector

Z » direction
A Y » length=magnitude

All these 3 vectors are
identical

length
—magnitude
e



Definifion of a position vector



Definition of a position vector

VA Position vector

A
Y o » Starts from
Position  origin O

/ vector - Shows the

P location of
O > X a point P

length
—magnitude




A unit vector in x direction

Z Column vector notation
]
4 Y i—|o
0
> X
_/I’y
—p
1



A unit vector in y direction

Z Column vector notation

v -(2)




A unit vector in z direction

7 Column vector notation

a7 )

> X




Unit vectorsi , j , k




Expression of a vector v with unit vectorsi, j, k

v=at+bjy+ck

at v=ai+bj+ck

(0618



Magnitude (=modulus) of a vector v and the unit
vector of v

v=at+by+ck

atr v=ai+bj+ck

Magnitude |v|is va? + b2 + 2
. . ~. V
The unit vectorof v, j.e., vis —

M




Graphical vector addition




Numerical vector addition

If
O]
a=aji+mj+ak=1| o

a3

by
b=bji+byj+bsk=1| by
b3

then

a, b, ay + by
a+ b= Qs + | b = ay + by
a3 b5 a3 + bs



Draw the vectors a = 6i and b = 2j.



Draw the vectors a = 6i and b = 2j.




Draw a + b when a = 6i and b = 2j.



Draw a + b when a = 6i and b = 2j.

3




Draw a — b when a = 6i and b = 2j.



Draw a — b when a = 6i and b = 2j.

62
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Express p + q in tferms of i j, and k
when p =9i —7j+ 5k and q = —8i + 3j — 2k

P+q=



Express p + q in terms of i,j, and k
when p =9i —7j+ 5k and q = —8i + 3j — 2k



Express p + q in terms of i,j, and k
when p =9i —7j+ 5k and q = —8i + 3j — 2k

o (7))
(23



Express p + q in terms of i,j, and k
when p =9i —7j+ 5k and q = —8i + 3j — 2k

(2
(3

Therefore p + q =



Express p + q in terms of i,j, and k
when p =9i —7j+ 5k and q = —8i + 3j — 2k

(2
(3

Therefore p+ q=i—4j+ 3k



State the position vectors of the point with the
coordinates of P(2,4,5)



State the position vectors of the point with the
coordinates of P(2,4,5)

p=OP-=



State the position vectors of the point with the
coordinates of P(2,4,5)

p— OP — 2i+4j+5k

Y
YV p=0P=2i+4j+5k

2 X



Express the vector IE% in column notation when
R=(4,7)and S = (3, -3)



Express the vector /i% in column notation when
R=(4,7)and S = (3, -3)

‘y

. o




Express the vector /38> in column notation when
R=(4,7)and S = (3, -3)

‘y

y /@:/?u&




Express the vector /38> in column notation when
R=(4,7)and S = (3, -3)

Voo R _ 70408
3B+




Express the vector /38> in column notation when
R=(4,7)and S = (3, -3)

yoo %= R0+ 08
~ Ok + 08
= —r+s




Express the vector /38> in column notation when

R=(4,7)and $ = (3, -3)

‘y

-

RS = RO + 08
— —OR+ 08

= —r+s

7) (%)



Express the vector /38> in column notation when
R=(4,7)and S = (3, -3)

Voo R _ 70408
3B+

= —r+s

'" = (7)+(5%)

(443
- -\ -7-3

T ——



Express the vector /38> in column notation when
R=(4,7)and S = (3, -3)

Voo R _ 70408

— —OR+ 08
= —rIr+s

’" - (7)+(%)
ol =(:‘7‘f§)
s - (o)

T ——




Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

4
c—-\d=| -5 |-
10



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

() ()



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

—s-( ) (1)
(2) -G )- (%)



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

() (1)
() (iﬁﬁfﬁ()A 2) ()



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

4 -6
c-xd=| -5]-3.| 1
4 3.(=6) 4 18
(-5 |- 31 |=(-5|-| 3
(10> (3-(—7)> (10) (—21)
(4—(—18)
- -5



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

() (1)
() () () (%)



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

4 -6
c-xd=| -5 | -3 ]
o) ()
4 3-(—6) 4 -18
= -5 | - 3.1 = —5)—(3)
(10) (3-(—7)) (10 —21
4—(-18)
— _5_3 —
(10—(—21))



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

4 -6

c-xd=| -5 | -3 ]

o) ()

4 3-(—6) 4 -18

= -5 | — 3.1 = | -5 —( 3)
o) () () (s
4—(-18) 22

= -5-3 = -8

(10—(—21)) (31 )



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find ¢ — \d expressed in terms of i, j and k

4 -6
c-xd=| -5 | -3 ]
10 —7
4 3-(—6) 4 -18
() () -(s) ()
10 3-(-7) 10 —21
4—(-18) 22
= -5-3 = -8
10— (—=21) 31
=22i —8j+ 31k



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find the magnitude of ¢



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find the magnitude of ¢



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find the magnitude of ¢

| = /42 + (~5)2 4 102



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find the magnitude of ¢

| = /42 + (~5)2 4 102
= /16 +25+ 100




Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find the magnitude of ¢

| = /42 + (~5)2 4 102

= /16 +25+ 100
— 147




Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find a unit vector parallel to ¢



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find a unit vector parallel to ¢

>
I



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find a unit vector parallel to ¢



Consider the vectors ¢ = 4i — 5j + 10k and
d = —6i + j — 7k together with the scalar A = 3.
Find a unit vector parallel to ¢

>
I
|

1
— 4i — 5 + 10k
c| \/141( / )



Scalar product

b The scalar product:

a-b
—a1-bi+ay-by+ a3 - bs
= |a||b|cosd

0

produces a scalar.
@ see the proof in the keynote

two vectors
subtend an angle ¢



Visual vector product

la x b= |a||b| sin O7r ~—vector product

a-b=|al||b|cost

scalar product



Numerical vector product of a x b
ay by
as by
az bs
First step:
far b
ay by
az b3

1a]b]|

Second step:

(@ b) =

For 2 component: For 3 component: For k component.
a1 0T ap by a})(l;p
IN
a%bg it trb7 i+ ay by k
as “bs 2y 03 Gg=bs
a; by a’ by a; b




Numerical vector product of a x b

Second step:

For 2 component: For 3 component: For k component.
a1 (1/1 ay b1 aqu
a D) . ay 54 . a9 bz
t 1+ + k
a:?<z3 @z J Gs=bs
ap by ai by ap by

= (02b3 — O3b2)i + (Cl3b1 — bs)[ + (G] b, — ng])k
_ |a|b]sin oA



Find the angle between the vectors
p=-3i—j+2kandq=2i+3j+k



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

Which knowledge should we use ?
4



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

Which knowledge should we use ?

y
Scalar product!



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

Which knowledge should we use ?

Y
Scalar product!
What is needed to use scalar product ?

4



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

Which knowledge should we use ?

y
Scalar product!

What is needed to use scalar product ?

I
Findp-q, |p|, |q



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

p.q:



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

(3] 3)



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

(3] 3)

= (-3)2+(-1)- () +(2)- (1) =



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 2

p-gq=|—-1]-13
) ()
—(=3)-2+(=1)-B)+ (2 (1)= ~6-3+2=-7

Pl =



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 2

p-gq=|—-1]-13
) ()
—(=3)-2+(=1)-B)+ (2 (1)= ~6-3+2=-7

Pl = (=302 + (12 +22 = /o + T+4= V14

ql =




Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 7

p-g=| -1 -(3

) (
—(=3)24(-1)-3)+(2) ()= —6-3+2=—7

Pl=/(-32+ (-1)2+22=/9+114=14

al = /(22 + (@2 +12=Va+9+1= V14

P-q=|p|-|q|-cosd ..




Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 7
p-q=|-1]-[3

()

—(=3)24(-1)-3)+(2) ()= —6-3+2=—7
Pl=/(-32+ (-1)2+22=/9+114=14

ql= /(22 + (32 +12=V4+9+ 1= V14
p-q=|p|-|q|l-cosd.. —7=+14-V14cosh




Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 7

p-g=| -1 -(3

) (
—(=3)24(-1)-3)+(2) ()= —6-3+2=—7

Pl=/(-32+ (-1)2+22=/9+114=14

al = /(22 + (@2 +12=Va+9+1= V14

p-q=|p|-|q|l-cosd.. —7=+14-V14cosh
. —7=14cos¥; ..




Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 2
)
2 ]
—(-3) 24+ (-1)-(3)+(2) ()= —6-34+2=—7
Pl=/(-32+ (-1)2+22=/9+114=14
1= /(22 + (372 +12= VA +9+1=14
p-q=|p|-|q|l-cosd.. —7=+14-V14cosh

s —7=14cos@; -. 5 = Ccosf; .0 =



Find the angle between the vectors
p=-3i—j+2kandqg=2i+3j+k

-3 2
()
2 ]
—(=3)-2+(=1)-B)+ (2 (1)= ~6-3+2=-7

Pl=/(-32+ (-1)2+22=/9+114=14

al = @2+ @2+ 12= Va4 9+ 1= VT4

p-q=|p|-|q|l-cosd.. —7=+14-V14cosh
-, —7=14cos9; .. _7] = C0s0;.. 0 =120° = %ﬂ




Simplify (p —2q) - (3p + 5q) when p and q are
perpendicular

(P—2q)-(3p+5q)

(p-q=0)




Simplify (p —2q) - (3p + 5q) when p and q are
perpendicular

N

(P—2q)-(3p+5q)
(p-q=0) =3p-p+5q-p—2q-3p—-2q9-5q

B

>p



Simplify (p —2q) - (3p + 5q) when p and q are
perpendicular

N

(P—2q)-(3p+5q)
(p-qu) =3p-p+5q-p—2q-3p—-2q9-5q
=3|p|*+5q-p—6q-p—10/q?

n - =




Simplify (p —2q) - (3p + 5q) when p and q are
perpendicular

N

(P—2q)-(3p+5q)

(p'qu) =3p-p+5q-p—2q-3p—-2q9-5q

=3|p|*+5q-p—6q-p—10/q?

- R =3lp’-q-p—10/g)?
D -




Simplify (p —2q) - (3p + 5q) when p and q are
perpendicular

N

(P—2q)-(3p+5q)
(p-qu) =3p-p+5q-p—2q-3p—-2q9-5q
=3|p|*+5q-p—6q-p—10/q?

0 N =3|p?> - q-p—10|q]
p = 3|p|* - 10|q/?
(-p-q=0)



Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.



Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

=




Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

P& = PO + 0@ =



Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3).and (1,0, —1) respectively. Find I@ « PR,

PG =PO+ OQ= — OP + 0Q




Points P, Q, and R have coordinates (9,1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

PG =PO+ OQ= — OP + 0Q

(-6




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

PG =PO+ OQ= — OP + 0Q

(0BG




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

PO=PO+0Q= — OP + OQ

SIELNE NG




Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

PR =



Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

B B3+ OB —




Points P, Q, and R have coordinates (9, 1, -2),
(3,1,3).and (1,0, —1) respectively. Find I@ « PR,

PR— PO+ OR = — OP + OR




Points P, Q, and R have coordinates (9,1, -2),
(3,1,3).and (1,0, —1) respectively. Find I@ « PR,




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.




Points P, Q, and R have coordinates (9,1, -2),
(3,1,3).and (1,0, —1) respectively. Find I@ « PR,

(7 m)—(‘oé i?)

5 1
Thus

P& x PR =




Points P, Q, and R have coordinates (9,1, -2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

o) 1

Thus
0O —11. 5 1 1.
@xﬁ?:‘5 1 l+‘_6 _8‘l+




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus

-6 -8 0 -1

. ‘ 1‘. ‘—6—8
i+ j+

g




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0 -1 5 1 1. -6 -8
R e S Y S i [

:{O-(1)—(—1)-5}i+




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0 -1 5 1 1. -6 -8
Paxmt=|g v | 5 i |6 e

= {0-(1)—(—1)-5}i+{5-(—8)—(1)-(—6)}i
_|_




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0O —11. 5 1 1. -6 -8
@m:\5 1 |.+\_6 _8\,+' : _1|k

= {0-(1)~ (-1)-5}i + {5+ (-8) ~ (1) - (-6)}]
H6(=1) = (-8) - (O)}k =




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0O —11. 5 1 1. -6 -8
@m:\5 1 |.+\_6 _8\,+' : _1|k

={0-(N) = (=1)-3H+{5-(=8) = (1) - (-0)}J
+{=6-(~1) — (~8)- (0)}k = {0+ 5}i +




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0 —11. 5 1 |. -6 -8
@x??:‘5 ] |l+|_6 _8‘I+' 0 _]|k

={0-(1) = (=1)-3} +{5-(=8) = (1) - (-0)}J
+{=6-(=1) = (=8) - (0)}k = {0+ 5}i + {—40 + 6}j
_|_




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5 1
Thus
0 —11. 5 1 |. -6 -8
@x??:‘5 ] |l+|_6 _8‘I+' 0 _]|k

={0-(1) = (=1)-9}i+{5-(-8) - (1) (=6)}J
+{-6-(=1)—(-8)-(0)}k = {0+ 5}i + {-40 + 6}j
+{6+ 0}k =




Points P, Q, and R have coordinates (9, 1, —2),
(3,1,3), and (1,0, —1) respectively. Find PQ x PR.

(7 m)—(‘oé i?)

5
Thus
0 1 1. | -6 -8
PQ) x PI? ‘5 ] ’+|—é—8"+‘o —1|"
={0-(1)=(=1)-8} +{5-(=8)—(1)-(=6)}J
+{=6-(=1) = (-8) - (0)}k = {0+ 3}i + {-40 + 6}j

+{6 4+ 0Vk = 5i — 34j + 6k




Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

c is parallel to



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cisparalleltoax b— ¢ =



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1
0 1
[

(a b)=



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1
0 1
[

(a b)=

axb=



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1
0 1
[

(a b)=

1T =11.
axb:‘o ] I+




Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1
0 1
[

(a b)=

T -1

axb:|o ]

o



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)

1T =1

1T =1

0 1

[

(9
1 =1

(a b)=

T -1

axb:|o ]

|



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)

1T =1

1T =1

0 1

[

(9
1 =1

(a b)=

T -1

axb:|o ]

|



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)

1T =1

1T =1

0 1

[

(9
1 =1

(a b)=

T -1

axb:|o ]




Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jaoandb=—-i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1

(a b)= 0
T -1
T =17, o 1|, T —
axb:|o ] l—|—|] _]‘/+|] _]‘kzl—/
.C=



Find a vector ¢ which is perpendicular to both of
the vectorsa=i+jand b= —i—j+k

cis parallelto a x b— ¢ =a(a x b)
1T =1
1T =1
0 1
[

(a b)=

T -1
0O 1

0 1
[

T -1

axb:| 1

i+| ‘i+| ‘k:i—i

1
LC=« ( —1 ) where « is any real number
0
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