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SCALARS AXD VECTORS
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A scalar is a quantity that has only magnitude.

Quantities such as time, mass, distance, temperature, entropy, electric potential, and popu-
lation are scalars. A vector has not only magnitude, but direction in space.

— \
s a quantity that is described by both magnitude and direction.
N——— e i - & .
Vector quantities include yelocity, force, momentum, acceleration displacement, and electric

field intensity. Another class of physical quantities is called tensors, of which scalars and vectors
are special cases. For most of the time, we shall be concerned with scalars and vectors.*
\

To distingt_lg's@ween a scalar and a vector it is customary to re cset a vector by‘
a letter with an arr6w on top of it, such as A and B, or by a letter in boldface type such as
A and B. A scalar is represented simply by a letter—for example, A, B, U, and V.

~
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A v@ﬁ has both magnitude and direction. The magnitude of A is a scalar written as

A pF |Al. A unit vector a, along A is defined as a vector whose magnitude is unity (i.e., 1)
and its"direction is along A; that is, \

a_i_é: x
A Al AJ 7[

A A,
Note that |a,| = 1. Thus we may write A as I

/|- == | -y
I X a, )
Yy F—

' yy

(a) (b)

Aa,+Aa, + Aa
a = - ke - FIGURE 1.1 (a) Unit vectors a,, a,, and a,, (b) components of A

VA + A) + Al along a,, a, and a,.
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VYECTOR ADDITION & SUBTRACTION

Two vectors A and B can be added together to give gnother vector C; ﬂwat is,
S, <

C=A+8B

The vector addition is carried out component by component. Thus, if A = (4,, A,, 4,)
andB = (B, B, B).

C=(A,+B)Ja,+ (4 +B)a+(4+B),

Vector subtraction is similarly carried out as

)
D=A-B=A+(-B)
= (Ax - Bx)ax + (Ay - By)ay + (Az - Bz)az
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VECTOR ADDITION & SUBTRACTIONh

Law \:J Addition Multiplication

“ ; -
Commutative A+B=B+A kA = Ak G/
s
Associative A+(B+ C)=(A+B)+C  k(fA) = (kOA
Distributive k(A+B)=FkA + kB

N

(o)
p—
FIGURE 1.2 Vector addition C = A + B: (a) parallelogram rule,
(b) head-to-tail rule. m—

!

B FIGURE 1.3 Vector subtraction

D = A — B: (a) parallelogram rule,
A b /i (b) head-to-tail rule.
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POSITION Aé_l__\ID DISTANCE VECTORS
-

The position vector r, \or radius vector) of point P s defined as the directed dis-

fce from e%toPthatls l,a,oj I""° QJ\)\O\

rp=0P=xa 1 ya + 2,

\ SV FIGURE 1.4 lllustration of position vector
W rp=3a + :13.,+ Sa,.
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IfA = 10a, — da, + 6a, and B = 2a, + a, find (a) the component of A along a,, (b) the
magnitude of 3A — B, (c) a unit vector along A + @F

Solution:
(a) The component of A alonga,is A, e
(b) 3A — B = 3(10, —4.,6) — (2,1,0)

= (30, —12,18) — (2,1,0)
= (28, —13,18)

EXAMPLE 1.1

Hence,

V282 + (—13)2 + (18)2 = V1277

35.74

[3A — B

(c) LetC = A + 2B = (10, —4,6) + (4,2,0) = (14, —2,6).

A unit vector along C is

. Cc (14, —2.86)
ICl V142 + (—2)2 + 62

ac

a, = 0.9113a, — 0.1302a, + 0.3906a_

Note that |a_| = 1 as expected.
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v () The distance betw

Points P and Q are located at (0, 2, 4) and (—3, 1, 5). Calculate

9'=RandQ e

(d) A vector parallel td P \gmth magnitude o

Solution:
(@) rp="0a, * 20, t da, =2, T 4,

(b) tpg =g = 1p=(=3,1,5) = (0,2,4) = (-3,-1,1)
orrpy=~3a, -, 14,

(c) Since ryqis the distance vector from Pto () the distance between P and Qs the mag-

nitude of this vector; that is,

d= gl =V9+1+1=3317

Alternatively:

d=Vlxg= 3" + (- o + (e - )
=Vo+1+1=3317

(d) Let the required vector be A, then

A=AaA

where A = 101s the magnitude of A. Since A s parallel to PQ, it must have the same unit
vector as fy or rgp. Hence,

-+ o N +(-3’-1’1)
S K
and
10(-3,-1,1
A= i¥ = £(~9.045, - 3015, + 3015,

3317 L


Mobile User


7 /) ?U/?ﬂ\::) &@%c"cﬁ\ -
[ ©,07) > ) U{Q}WW
(Z

> = Alshewe
i \/'CC,&‘M/

Jo8= pQ”


Mobile User




Mobile User




Mobile User


W Powbel = wibe

O v
ST(EQ ~ —2ax -\ay 4 "\aP

L> 0t} Jeofoy = eg <


Mobile User




Mobile User


VECTOR MULTIPLICATION

When two vectors A and B are multiplied, the result is either a scalar or a vector depending

SCa\v" —
N NeQfov' ™

Multiplication of three vectors A, B, and C can result in either:

3. Scalar triple product: A - (B X C)
= =" pe—

or

4. Vector triple product: A X (B X C)

-
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VECTOR MULTIPLICATION (contd)

Note that dot product obeys the following:

A. Dot Product

—_— (i) Commutative law:
: . : A-B=B-A
The dot product of two vectors A and B, wntten as A B, i defined geometical -_—
as the product of the magnitudes of A and B and the cosine of the smaller angle (ii) Distributive law: &
Detween them when they are drawn tail o tal A(B+C)=AB+AC
- Ve 4§
(iii) . A
DA — 2 _ 42
A-B = ABcosf,; __A__,A‘“f' =AnD ) WP
AN
IS

R.g)z \A\ \@\ con @A\Q __,)6\) Also note that !

\ @ ac-a, =a-a =a-a =1



Mobile User


VECTOR MULTIPLICATION (contd)

B. Cross Product

———

The cross product of two vectors A and B, written as A X B, is a vector quantity
whose magnitude is the area of the parallelogram formed by A and B (see Figure 1.7)
and s in the direction of advance of a right-handed screw as Ais turned into B.

A X B = ABsinfza,

P’FIGURE 1.8 Direction of A X B and a, using (a) the right-hand rule and (b) the

A_ 5(@ = \A\ \\Z\ S “\A (ﬂm { v{ight-handed-screwrule,

: CNLL/)“‘)*" <
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VECTOR MULTIPLICATION (contd)

Note that the cross product has the following basic properties:

(1) It is not commutative:

A X B =B <X A
—— e

It is anticommutative:
A < B %B >< A

(ii) It is not associative:
A <X (B <X C) = (A < B) < C

(iii) It is distributive:
A <X (B +C) = A <X B + A < C

(iv) Scaling:
KA < B = A < kB = k(A < B)

)
N A=a—o\ L7

Also note that

axXay=az
a, >< a, = a,
a. X a, = a,
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COMPONENT OF A VECTOR

A direct application of scalar product is its use in determining the projection (or compo-
nent) of a vector in a given direction. The projection can be scalar or vector. Given a vector
A, we define the scalar component Ay of A along vector B as [see Figure 1.10(a)]

Ap=Acos,; = |Al|ag| cos b,

AB=A'aB

Ap = Agag = (A-ap)a < —aa

(a)

FIGURE 1.10 Components of A along B: (a) scalar component Ag,
(b) vector component A.
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EXAMPLE 1.4

Given vectors A = 3a, + 4a, + a, and B = 2a, — 5a,, find the angle between A and B.

—

Solution:
The angle 6 45 can be found by using either dot product or cross product.

A-B=(3,4,1)-(0,2,—5)
=0+8—-5=3
Al = V32 + 42+ 12=V26
Bl = V0> + 22 + (—5)> = V29
A-B 3
cos B, = = = 0.1092

A[IB]  \/(26)(29)

0,5 = cos” ' 0.1092 = 83.73°

Alternatively:
a, a, a,
AXB=|3 4 1

0 2 -5

= (—20 — 2)a, + (0 + 15)a, + (6 — 0)a,

= (—22,15,6)

|A X B| = V/(—22)% + 15 + 62 = V745

/A X Bl V745

= 0.994

sin OAB .

IAIIB]  \/(26)(29)

0.z = sin”' 0.994 = 83.73°
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