Chapter 4
Vectors in Component Form:
We can use these methods where there are more than 2 vectors being applied to an object 

Unit vectors
We use I and j to help with illustrating vectors. 
**Don’t forget the curly line underneath I and j 
[image: ]
We can also use, sin and cos to help us to figure out the resultant for multiple vectors
e.g.
[image: ]

Unit Vector:
Would be a vector in the same direction but only of one unit 
· To figure it out we find out the magnitude and divide the I and k units by the 
We can use this to help us do more calculations:
e.g. 
[image: ]
e.g.
[image: ]

Equilibrium forces:
There are two approaches we could use, but the better one is
· Find the resultant of the forces 
· The equal force will be the negative vector, so it will have the same magnitude 
· Then by using trig we can find the direction 


e.g.
[image: ]

Base Vectors:
Can  be used when horizontal and vertical vectors are not useful
· We will normally get given a form and then we can equate the I and j components and then solve 
e.g. 
[image: ] 


COME BACK TO THIS
e.g.
[image: ]
DON’T FORGET THE DIAGRAM 

Position Vectors:
Are vectors from the origin to that point in the I and j form
· We can use positional vectors to help us find certain vectors
e.g.
[image: ]
[image: ]
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examples | EXAMPLE 3 |
A body is moving with velocity (7i + 24j) m/s. How far will it travel in twenty seconds?
=3i—4j and c=xi +j find. Solution
the same direction as a but twice the magnitude of a, e
tor in the same direction as a, spesd = |velocity|
the same direction as a but the same magnitude as b, = |7+ 245]
=25 m/s.
e values of =3 [c[ = al: Thus in twenty seconds the body will travel 500 metres.
r in the same direction as a will be a positive scalar multiple of a.
‘ e the magnitude the scalar multiple must be 2. m
‘ mquiredﬁr is 23, ic. 4+ 6j. The forces acting on a body are as shown in the diagram. If the body is in
itude /27 +3% equilibrium find P and 6.
13 units Solution
= veclor, n the samc. dircetion If the body is in equilibrium there can be no ‘surplus’ force in any direction
d be — \.'{_ (2i+3j) because, if there was, the body would tend to move in that direction.
2. ) The horizontal forces must balance. s PsinB=25 1]
El W E] The vertical forces must balance. = PeosB =350 [2] ]
htionalised denominators Dividing [1] by [2] gives tan®=0.5
NED 3J_ 0 =266
13 i3 Substituting for 8 into [1] gives P=55.9
+(—-4)2 If the body is in equilibrium then P= 56 and 6 = 27°.
its. Alternatively, we could approach example 4 as follows: 25N
Jhg our answer for part b, the vector in the same direction as a but of The resultant of the 25 N force and the 50 N force is a vector a, see diagram o
agnitude 5 units will be ﬁ i+ % on the righr. * o
Thus the force of PIN must be —a to counteract the effect of a and reduce the v
« >
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be a positive scalar multiple of a.

|, Sl tiple must be 2.

ctor in the same direction as a but of

la| = y22+3.
+1=4+9

x=ivf§.

a is sometimes written a.
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The forces acting on a body are as shown in the diagram. If the body is in
equilibrium find P and 6.

Solution

If the body is in equilibrium there can be no ‘surplus’ force in any direction
because, if there was, the body would tend to move in that direction.

The horizontal forces must balance. s Psin@=25 [1]
The vertical forces must balance. o Pcos@ =350 [2]
Dividing [1] by [2] gives tan@ = 0.5

0=26.6°
Substituting for 0 into [1] gives P=559

If the body is in equilibrium then P= 56 and 6 = 27°.
Alternatively, we could approach example 4 as follows:

The resultant of the 25 N force and the 50 N force is a vector a, see diagram

on the right.

Thus the force of PN must be —a to counteract the effect of a and reduce the
system to equilibrium.

By Pythagoras: P=+252 +50%
ie. P=56
. 25
By trigonometry: tan@ = 50
ie. 0=27°

If the body is in equilibrium then P = 56 and 6 = 27°, as before.

25N
a 50N
5N

PN 50N
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is to be flown directly from
till air. There is a wind blowing

o that this velocity, together with

7. _---*B
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50 or b=-96

red.)

@
Q
FH
(O
,

1 = ®

eBooks Groups

Contents Hotspots

@ N Q

Annotations Bookmarks Search

Using a = 2i + 3j and b = 41 — j as base vectors, express each of the following in the form Xa + pb.

a 5i+3

Solution

a Let
ie.

Equating the i components

Equating the j components

Solving [1] and [2] simultaneously:

Thus

b Let
n¥es
Equating the i components

Equating the j components

Solving simultaneously

Thus

Exercise 4B

b 6i-4

5i+3j=ha+pb
51+ 3j =021+ 3j) +pi-j)

5=2A+4un [1]
3=3h-p 2]
17 9
_ L d =2
VI ¥
5i+3j=as2p
[TRARY!

6i—4j =Xa+pb
61— 4§ = M2i + 3j) + p(4i - j)

6=2A+4un [1]
—4=3k-p [2]
l=—; and u=$
5 13
6i—4j=—-a+—b
i-4j 7a+7

-

X
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EARIMIFL

j, because these are convenient directions. However anyja
vectors if horizontal and vertical are not convenient.

Airports A and B are such that A_B) = (6001 + 200j) km. An aircraft is to be flown directly from
A to B. The aircraft can maintain a steady speed of 390 km/h in still air. There is a wind blowing

with velocity (30i — 20j) kuv/h. I

Find, in the form 4i + bj, the velocity vector the pilot should set so that this velocity, together with

the wind, causes the plane to travel directly from A to B. Using a =2i + 3j and b = 4i — j as base vectors, expre

a  Si+3j b
Solution )
The resultant of the planes velocity due to its engines, Solution o
(@i + bj) km/h, and the wind, (30i — 20j) km/h, must be a Let 5i+3j=
along A_B) . i.e. the resultant must be a positive scalar Le. 5i+3j=

multiple of 6001 + 200j. Equating the i components =

Equating the j components =

Thus ai + bj + 30i — 20§ = A(600i + 200§) A>0 Solving [1] and [2] simultaneously: A=
Equating the i components a+30= 6000 [1] Thus 5i43j=
Equating the j components b—20=200A (2]
Dividing [1] by [2] #+30 _ 600 b Let 6i—4j=
b—20 200 ie. 6i—4j=
b e 4=36-90 Bl Equating the i components =
Q ‘We also know that |ai+&j| =390 ie. a4+ 1 =390 4 Equating the j components 4=l
el (36=90)" +4* =390° Solving simultaneously =
Q Using a calculator to solve this equation gives b=150 or b=-96
@ But A must be positive so, from [2], b = —96. Thus 6i—4j =
— —
(O (Note: b = —96 gives a resultant in direction BA, not AB as required.)
EF If b=150, a=360 i.e. velocity = 360i + 150j.

The required velocity is (360i + 150j) km/h. Exercise 48

1 For each of the vectors a to d shown below, write i1
- | >

hd
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Points A and B have position vectors 2i + 3j and 5i — j respectively. Find A_B> .

Solution
Initially draw a rough sketch of the situation: A
—_ — =
From the diagram AB = AO + OB
—_— =
=-0A + OB
=—(2i+3j) + (5i—j) 0
=3i-4j B
—_—
Thus AB =3i-4j
EXAMPLE 8
At 1 p.m. a ship is at a location A, position vector (2i + 8j) km, and is moving with velocity
(51 — j) kin/h. If the ship continues with this velocity what will be its position vector at 4 p.m.?
Solution N
5 ¢ o q e:’ nd[}’ Ve
Suppose the ship is at point B at 4 p.m. (see diagram). ALi-j) k,%m‘"
—_— @ — — —
Then OB = OA + AB 4 o’
=(Q2i+8j)+3(5i—j) §
=17i+5j
By 4 p.m. the ship will be at the point with position vector (171 + 5j). 0
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Points A and B have position vectors i + 7j and 10i + 4j respectively. Find the position vector of the
point that divides AB internally in the ratio 1: 2.

(Note: If a point P divides AB in the ratio 1:2 then AP:PB=1:2))

Solution
‘We require the position vector of the point P (see diagram) where
AP:PB=1:2
_— =  —
OP = OA + AP

| ==

—_
=OA+§AB

=a+§(—a+b)

=Ea+lb
33

_ %(i +75)+ %(lt}i +4)
=4+ 6j

The point dividing AB internally in the ratio 1:2 has position vector 4i + 6j.

Exercise 4C

1 Points A, B, C and D have cartesian coordinates (2, 5), (=3, 6), (0, —5) and (3, 8) respectively.
Give the position vectors of each point in the form #i + »j where i is a unit vector in the direction

9 If point A has position vector 3i + 4j

12

13

Mattias .~

Points A and B have position vectory
How far is a Afrom the ¢

With respect to an origin O, points |
2i—3j,i+2j,9i+ 21j and 6i — 2j req

—_—

Find a AB in component form
e A

¢ CD in component form

—  —
e OA + AB in componen|

Point A has position vector —i + 7j, 4
Find a the position vector of p
—
¢ BC.
Point A has position vector —i + 9j. i
—
Points B and D are such that BC =4
Find a the position vector of p
—
¢ BD,
A particle has an initial position vect
moves with a constant velocity of (2
a 1second? b
How far is the particle from the orig

A particle has an initial position vect
moves with a constant velocity of (i
v

»
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Nkedious to have to write ‘horizontally’ and ‘vertically’ every time.
#ly could mean to the left or to the right and vertically could mean up or

Elis stage we are only considering vectors in two dimensions so do not have
vectors coming out of the page).

use i and j to represent horizontal and vertical
unit length) as shown in the diagram on the right.

Mattias .~
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A
The vectors a, b, ¢, d, & and £ shown in the diagram can be expressed in terms of these unit vectors We were required to sum four vectors MNarth TG
as follows. as shown in the diagram on the right. TUG 1 000N
3000 N
TUG3
.4
—a00N T
= East hl-
. - - . FORCE DUE TO
a=2j b=3i c=i+dj WIND AND WEATHER
d=2i+2j e=3i+2 F=3i+] CONDITIONS.
8000 ™
For the vector 2i + Fj, ‘2’ is said to be the horizontal component and ‘¥ the vertical component.
Onee vectors are expressed in this 2i + Fj form it becomes easy to manipulate them. Expressing each in the form ai + bj: m
For example, consider again the vectors ¢ and d. Force from Tug 1: (3000 e0s 70° i + 3000sin 70° H N N = Mewtons
Ashefore,e=i+2jand d=2i+2j. Foree from Tug 2: (4000 cos 607 i + 4000sin 60° ) N
Force from Tug 3: (4000 cos 207 i + 4000sin 20° H N
Force due to wind and water: (—B000 cos65° i — B000sin 65 ) N
e d
Thus the resultant of these forces will he
[(=3000 cos 70° + 4000 cos 60° + 4000 cos 20° — 8000 cos65°) i
+ (3000 5in70° + 4000sin 60° + 4000sin 20° — 8000sin 65%) ji N
The working and diagrams below show ¢ +d, ¢ — d and 2e. = (1352i + 401j) N
c+d= (;"* :2) +(2i+2)) c-d= (i_+ 2j) - 2i+2j) Ze= g(’ +42’ij) i.e. a veetor of magnitude \|'|13:722 +40F = 1410 Newtons, in a direction ~073°,
=3i+4 =—i =2i+
Note: *  Tofind the magnitude and direction of the resultant from the component form we used
Pythagoras and trigonometry.
2e
In the general case, if p =i+ bj then s
magnitude, or modulus, of p is given by vs“‘ & b units
[+ 8 . '
- Ip|=va'+ -— i unis —
¢ b
and 6 is found using tanf=—.
c—d &
*  The vector pi + ¢j is sometimes written as an ordered pair (p, 4), or perhaps <p, 4,
Now that we have seen how vectors can be expressed in the form ai + bj how can this be used to sum and sometimes as a coluwen bz [PJ .
a number of vectors, as the situation at the beginning of this chapter required us to do? g
Whilst the reader needs to be aware of these alternative ways of writing the vector pi + gj,
at this stage this book will tend to use the pi + g form most frequently. =
* Some calculators have built in routines for changing a vector given in component form
to its magnitude and direction. Does your caleulator have this abilivy?
v
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FUrimer exampies
A body is moving with velocity (7i + 24j) m/s. How far will it travel in twenty seconds?
Ifa=2i+3j,b=3i—4jand c=xi+j find. Solution
@ avector in the same direction as a but twice the magnitude of a, vty S
b aunit vector in the same direction as a, wpeed = [velocity |
= |Ti+24§
¢ avector in the same direction as a but the same magnitde as b, I|E;1mf d
= 5.
o the pomibla alees of xif [c| = [a]- Thus in twenty seconds the body will travel 500 metres.
Solution
@ Any vector in the same direction as a will be a positive scalar multiple of a.
T be twice the magnitude the scalar multiple must be 2.
Thus the required vector is 2a, i.e. 4 + 6j.
| The forces acting on a body are as shown in the diagram. If the body is in
b ahas magnitude /2% +3 equilibrium find Pand 8.
= Jﬁ units .
. ; o Solution
Easltns VL;L'I:OI’, L If the body is in equilibrium there can be no ‘surplus’ force in any direction
as a, would be E (2i+3) because, if there was, the body would tend to move in that direction.
3 3 ‘The horizontal forces must balance. .. PsinB =25 1]
= ﬁi + E] ‘The vertical forces must balance. . Peost =50 2]
or, with rationalised denominators Dividing [1] by [2] gives tanf = (0.5
zJﬁi+3JEi 6 =26.6°
13- 13 Substituting for 8 into [1] gives P=559
¢ b =yF+(4) If the body is in equilibrium then P = 56 and 8 = 27°.
Q =3 units. Alternatively, we could approach example 4 as follows: 23N
Thus, using our answer for part b, the vector in the same direction as a but of ‘The resultant of the 25 N force and the 50 N force is a vector a, see diagram
c = 50N
@\ e oo 10, 15 on the right. :
magnitude 5 units will be Nt i+ m].
IEI ‘Thus the force of PN must be —a to counteract the effect of a and reduce the
d e|=Va'+P and la] = y22+32. system to equilibrivm. BN
® If [c| = |a] then  22+1=4+9 By Pythagoras: P=v25"+50° sx ) ¥ 30N
ie. P=356 . :
&b x=12. e .
. The possible values of x are £2./3. By trigonometry: nf = 50
ie. =27
Note: A unit vector in the direction of vector a is sometimes written 4. TEthebodvis incquilibrumthen P=156 and D= 27°yas hefres
I
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