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2.1 Vector Algebra Operations

Two principal operations involving vectors are vector addition and scalar
multiplication. A scalar is simply a real number, and is called such when
we want to draw attention to its differences from vectors. Scalars can be
positive, negative, or zero

DEFINITIONS Letu = (uy, up, u3) and v = (v, vp, v3) be vectors with k a
scalar.

v Addition: , :
u+v={(u +uv,l+ vylz + v3)
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Parallelogram law Geometrical way

v' Scalar multiplication:

ku = (ku,, ku,,ku, )

Same direction as u with different magnitude

Opposite direction as u with the same magnitude



v SUBTRACTION:
u—v=u-+(—v)

u-—v={(u —uv,l — vyUz — V3)

u—v=u-+ (—v) u— v

Letu = (uy, u15, u3) and v = (v, v,, v3) be vectors with k a scalar.

Addition: u+v={(u +v,u + vy, uz + v;)

Scalar multiplication: ku = (kuy, kuy, kus)

Properties of vector operation:

Let u, v. w be vectors and a. b be scalars.

1. u+v=v+u 2. (u+v)+w=u+(v+w
3. u+0=u 4. u+(—u)=0

5. Ou=0 6. lu=u

7. a(bu) = (ab)u 8. a(u+v)=au+ av

9. (a + b)u = au + bu

Example: initial point is U(-1, 3, 1) and terminal pointis V (4, 7, 0) Find:
(a)2U+3V (b)U-V (©) ;U]
Sol:

(@) 2u +3v=2(—1,31) + 3(4,7,0) = (—2,6,2) + (12, 21,0) = (10,27, 2)

®u-v=(-131)—-(470 =(-1—-43-171-0)= (-5 —4,1)
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2.2 Unit Vectors or Finding a Vector’s Direction
A vector v of length 1 is called a unit vector. The standard unit
vectors are

i=(1,0,0, j=1(0,1,0, and k=(0,01).

Any vector v = (v}, v,, v3) can be written as a linear combination of the standard unit
vectors as follows:

v = (v, v2,v3) = (v1,0,0) + (0,v,,0) + (0,0, v;)
= v(1,0,0) + v»(0,1,0) + v3(0,0, 1)

=i+ wnj+ vk

We call the scalar (or number) v, the i-component of the vector v, v, the
j-component, and v; the k-component. In component form, the vector from P;(x;, v, z;)
to Pa(x2, 12, 22) 18

PP, = (x; — x)i + (y2—n)j + (22— z1)k

PI—IBZ
u = ———
| Py P |

Example: Find a unit vector U in the direction of the vector from P1 (1,
0,1)and P2 (3, 2, 0)

Sol:
PP,=G3-1i+(2-0j+(0—-Dk=2i+2j—k
PP = VP + Q2P + (m1P=Va+4+1=9=3
PP, 2i+2 -k
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Example: If v = 3i - 4j is a velocity vector, express v as a product of its
magnitude (its speed) times its direction.

Sol:

Speed is the magnitude (length) of v:

v = VB3P + (-4 =V9+16=5

The unit vector v/|v| is the direction of v:

Example: A force of 6 newtons is applied in the direction of the vector v
= 2i + 2j - k. Express the force F as a product of its magnitude and
direction.

Sol:
- . . . A Y
The force vector has magnitude 6 and direction —, so
o
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) v 2L+ 2 - Kk 2i + 2) — Kk
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2.3 Midpoint of a Line Segment

The midpoint A of the line segment jomning points Pj(xy.v;.Z;) and
P>(x5, v>, 25) 1s the point

Zit% Bty 53+ %
2 < 7, '

Example: Find a midpoint for P:P.vector

Sol:

The midpoint of the segment jomning P;(3, —2, 0) and P»(7,4. 4) 1s

- /
<3+7. _+4-0+4):(5‘1.2).

7 2 )

H.W:

a)) let u (3,-2) and v (-2,5) Find the (a) component form and (b)
magnitude (length) of the vector.

1. 3u 2. —2V
3. u+t+v 4. u—v
5 2a— 3v 6. —2u + Sv
3 4 5 12
7. §u+§ 8. —EU'{"EV

b)) find a unit vector

P, P, if P, is the point (5. 7. —1) and P, is the point (2. 9. —2)
Pl_i’z if Py is the point (1. 2. 0) and P; is the point (—3. 0. 5)
ZE if A 1s the point (—7. —8. 1) and B 1s the point (—10. 8. 1)
A_l‘?ifA is the point (1. 0. 3) and B is the point (—1. 4. 5)



