Chapter 10 Vectors

10.1 Definition of Vectors

Definitions:

(1) Quantitiesthat are determined by a magnitude alone are called scalars.
e.g. Thelength of the Yellow River is 4855 km.

(2) Quantitiesthat have both magnitude and direction are called vectors.
e.g. Thevelocity of the wind is 20 km/h from the northeast.

For avector from aninitial point A to atermina point B,
(1) itisdenotedby AB,a, a or &;

(2) its magnitude is denoted by ‘E&‘, ial, H or [al.

A

Definitions:

(1) Two vectors are said to be equal if and only if they have the ﬁ,l .
same magnitude and direction. | II
e.g. Inthefigure, ABCD isaparallelogram, then 'E. il

AB=DC and AD = BC. : ¢

(2) A vector with zero magnitude is called a zero vector. Therefore, AA is aways a zero
vector. A zero vector is denoted by 0 (or O, etc.). It is the only vector that has no
specific direction.

(3) A vector with magnitude 1 unit is called a unit vector. That is, u is a unit vector if and

only if |u| =1.

(4) The negative vector of v, denoted by —v, is a vector , - B
having equal magnitude but opposite direction to v.

Therefore, AB=-BA and —AB=BA.

Checkpoint 10.1
In the figure, ABCD isarectangle and E, F, G, H are the mid-points of the sides.

(@ Writedown all vectorsthat are equal to EF. e

—_— t .-"'-..-. -,
(b) Write down all vectorsthat are the negative of 1E H_ﬁ;<



10.2 Operationsof Vectors

10.2.1 Addition

(1) Thetrianglelaw of addition: : J' ’
A—B»+B—C):ATC) J,.r’ fll

(2) Theparalelogram law of addition: AB+BC -/
ﬁ+6¢=6§ i’ OA +0OC

-
L

10.2.2 Subtraction

The difference of two vectors are given by

a+(-b)=a-b
For two vectors OA and OB,
OA-OB=BA
Example 10.1

Consider a quadrilateral ABCD. The diagonal AC and BD bisect each other at E. Prove that
ABCD isaparallelogram.

Solution
E isthe mid-point of AC and BD,

AE = EC and BE=ED
AD = AE+ED

AD //BCand AD =BC.
ABCD isaparallelogram.



Checkpoint 10.2
In the figure, ABCD isarectangle. E isapoint on CD produced such that CD = DE.

(8 Show that AE=BD.
(b) Expressthefollowing as asingle vector in terms of the vertices A, B, C, D and E.

() AE+DC (i) DE-AB (i) DC+DB



10.2.3 Scalar Multiplication

For any vector a,
(1) aandkaare parallel vectors for any non-zero constant k.

(2) theunit vector of ais a

A

For any vectors u, v, w and scalars m, n, we have
(1) u+v=v+u

20 u+(v+w)=(Uu+v)+w

(3) m(nu) = (mMN)u =n(mu)

(4 (Mm+n)u=mu+nu

B5) mu+v)=mu+nmv

Example 10.2
In AABC, M and N are the mid-points of AB and AC respectively. Prove that MN // BC and

MN :EBC.
2

Solution /
Since M and N are the mid-points of AB and AC respectively, v, . \
AM =MB and AN = NC / !
AB=2AM and AC=2AN o Y
BC=BA+AC
= 2MA + 2AN
= 2(MA + AN)
- 2MN
BC and MN have the same direction, i.e. BC / MN.
BC = 2MN
B -3MN
BC=2MN

MN :EBC
2

MN // BC and MN :%BC.



Checkpoint 10.3

In the figure, B isthe mid-point of AC, D isapoint on AE. o
(8 Find BD+DC.

(b) Show that EA + DC = DB+ EB.

Example 10.3

In AABC, X isthe mid-point of AC, and Y is the mid-point of BX. If BA = rWJrsATé, find
rands.

Solution //.H"\
BA =BC+CA y N
;/"\

—BX +XC+CA e ;

:zs—y’+§A—c’_/Tc

— 1—

=2BY -—AC



Checkpoint 10.4
In the figure, E and D are points on AC with AF = FE = EC. D

is the mid-point of BC. Given that ﬁ::p and A—B:q :
express the following in terms of p and g.

. . a -
(& BE () BC
(© BD (@ DE Lol LA,
Example 10.4

Consider two non-zero vectors a and b which are not parallel.
(@ If ma+nb=0,provethat m=n=0.
(b) If ca+pb=ya+dob,provethat a =y and f=¢.

Solution
@ ma+nb =0
ma=-nb
Suppose mis non-zero, then it can be written as a = (—rﬂnjb .
a must have the same or opposite direction to b.
i.e. aandb areparallel, acontradiction to the given condition.
m=0
Then, —nb =0 and we haven = 0.
(b) aa+pfb=ya+ob
(a—p)a+(f-0)b=0
By the result of (a), we have
a-y=p-6=0
a=yand =0



Example 10.5

In the figure, M is the mid-point of AB. N isthe mid-point of
MC. Pisapoint on BC such that AN // NP. Let BC=a and
BM=bh.

(@ Find MN and AN in terms of a and b.

(b) Let MP = kAN .. Express BP in terms of a, b and k.

Hence find the value of k and show that BP = é BC.

Solution
@ MN==MC
2
1_. —_
=—(MB+BC
2( )
1
=—(-b+a
2( )
AN =AM + MN
1
=-b+=(-b+a
2( )
zla_Eb
2 2

() BP=BM+MP
=b+ k[la—Ebj
27 2
:Ea+(1—3—kjb
2 2

Since BP// BC,

5a+(1—3—kjb =ra
2 2

1-*_g
2

— =7
2

On solving, kzg and r =

_—

BP:%ﬁzandspz BC

Wik wlk




Checkpoint 10.5
In the figure, M and P are points on BC with CM = MB = 3MP. Q is a point on AB such that
MA /I PQ.

(@ Find MA intermsof aand b.

A

(b) Let PQ=pMA, BQ=qBA. .
() Express%intermsof a, b and p. y
(i) Expressg)intermsofa,bandq. -
(O By considering PO = PB+BO, findthevaueof p. « M P ’



10.3 Vectorsin the Rectangular Coordinate System

In the rectangular coordinate system, i and j are unit vectors along the x- and y- axes.
Let P(x, y) be apoint on the rectangular coordinate plane and O be the origin. Then

(1) OP=x+yj;
@ [OF=x*+y?;
3 tano=7, iT .

X Qo _’I L x, O]
where is angle between OP and the positive x-axis anticlockwise.

Given two vectors OA = Xi+Y,] and OB = X,i +Y,j. Then

o A Bixz. ¥:)
(1) AB= (Xz - X1)| + (yz - yl)j ;
@  [AB =06 %)+ (v, )7
™ B
3 taHQZM; A ) o .
X, — X, o ]
4 if OA = OB, then X=X andy =Y,.
Example 10.6
If Alis(—2,-1) and B is(1, 3), find the magnitude and direction of E .
4
Solution
1,8
AB=OB-OA = (i +3j)— (-2 —j) = 3i +4j //
AB =34 =5 70 o)
-2, -1}

0= tan_l(gj =53.13°

The magnitude of AB = 5 units and AB makes an angle of 53.13° with the positive

X-axis.



Example 10.7

If the coordinates of A are (2, —1) and AB=—i+ 6] , find the coordinates of B.

Solution

Let B be (x, y). Then OB = xi + yj .

OA+AB=0B

AB=0B-OA

=(Xi +Vj)—(-i +6j)

=(X-2)i +(y+D)j
It is given that AB = —i + 6] .
X-2=-1 and y+1=6
x=1 and y=5

The coordinates of B are (1, 5).

Checkpoint 10.6

In each of the following, find ATB intermsof i andj.

@ AL 3), B4, 6)
(b) A(-2 5), B(=3,—7)



Checkpoint 10.7

If the coordinates of B are (-1, 4) and AB=4i + 6] , find the coordinates of A.

Example 10.8
I and j are unit base vectors as shown in the figure. a is a vector making an angle of 45° with

i and and |aj =4. Expressaintermsof i and j. Hence find the unit vector in the direction of a.

Solution
Let O_A =a. Then ¥

‘cTs‘ - [oA] cosas° = {g] =22 c A

OC| =|OA|sin45° = V2 =22 y
oc )

OB=2/2i and OC=2y2] A

a=0A = OB +0C = 2¢/2(i +])

Unit vector of aisi=m_ V2

11



Checkpoint 10.8

Given P(7, 1) and Q(3, 4). Find the magnitude and direction of @ Write down the unit

vector in the direction of @

Example 10.9

Ifu=2i+jand v=i+3j,express 8 +9j intermsof u and v.

Solution
Let 8i+9=mu+nv
8 +9) =m(2i +j)+n(i + 3j)
8=2m+n ... @
9=m+3n ... (2
(2)x 2, 18=2m+6n ... 3
3 -, 10=5n
n=2
Substitute n = 2 into (2),
9=m+3(2)
m=3
8i+9)=3u+2v

12



Example 10.10
Prove that, for any two non-zero vectors a= x,i + y,j and b = x,i +y,j, a L b if and only if

XX, +VY,Y, =0.

Solution

Let OA=a=xi+Y,j and OB=b = x,i +V,j .
AB=b-a

= (X, = X)i + (Y, = ¥1)]
— 2
‘AB‘ = (X2 - X1)2 + (yz - y1)2

By Pythagoras' theorem and the converse of Pythagoras' theorem, a L b

2 2 ——2
iff ‘AB :‘04 +‘OB

iff (X, - X1)2 +(Y, - yl)2 = (X12 + y12) + (X22 + Y22)
iff Xz2 —-2X,X, + X12 + y22 -2y,¥, + Y12 = X12 + X22 + Y12 + y22

iff XX, +Y,Y, =0

albifandonlyif xx, +vy,y, =0.

Checkpoint 10.9

In the figure, OABC is a rhombus with OA =3i and A
ZAOC=60°. c B

(8 Find OC intermsof i andj.
() Find OB and AC intermsof i andj.
(©) Show that OB L AC.

13



10.4 Point of Division

104.1 Position Vectors

In the rectangular coordinate plane, the position vector of A with respect to O is defined as
OA and is denoted by a. Similarly, the position vectors of B, C, D, ... are OTB, &f, oD
orb,cd,...

It can be found that AB=OB-OA =b -a.

10.4.2 Point of Division _
Let A and B be two points with position vectors a and WY
b with respect to O. If Pisapoint on the line AB such

that AP: PB =r : 1, wherer isareal number, then the p

position vector of P, p, is given by

_a+rb
1+ 0

In particular, if Pisthe mid-point of AB, then

a+b
r=land p=——
P 2

14



Example 10.11

Pisapoint on AB such that 3AP=2PB.If Ais (-1, -3) and B is (4, 7), find the coordinates
of P.

Solution

a=OT°:=—i—3j J?[a.?:.
b=O0B=4i+7j 1
3AP=2PB
AP_2
PB 3
. . 2, . .
(—I—3j)+§(4l+7j)

P
1+g
3

_ 3(—i —3j) + 2(4i +7j)
3+2

_ 5i+5]
- 5
=i+]
The coordinates of P are (1, 1).

Checkpoint 10.10

The position vector of A is denoted by a. In each of the following, if a:B_C, find the
coordinates of A.

@ B(-3,2),C(4,5)

(b) B(-6,1),C(-2,3)

15



Example 10.12

Given that AD is the median of AABC, and G is a point on A
such that AG = 2GD. Find the position vector of G in terms of a,
b and c, where a, b and c are the position vectors of A, B and C
with respect to O respectively. (G is caled the centroid of
AABC.)

Solution

Let g and d be the position vectors of the points of G and D with respect to O respectively.

Since AG = 2GD, we have

_a+2d
1+2

Substituting (2) into (1), we have

1 1
gzé[a+ 2-§(b+c)]

1
=—(a+b+c
3( )

Example 10.13

ABCD is aparallelogram. The position vectors of A, B, Cand D
with respect to O are a, b, ¢ and d respectively. Prove that

(@ a+c=b+d

(b) thediagonals AC and BD bisect each other.

Solution
@ - AD=BCandAD//BC
. AD=BC
d-a=c-b
a+c=b+d

16



(b) Let G, and G,, with position vectors g, and g,, be the mid-points of AC and BD
respectively.

Then g, =%(a+c) and g, :%(b+d)

Using theresult of (a), g, =0,.
As G, and G, coincide, the diagonals AC and BD bisect each other.

Checkpoint 10.11

ABCD isaquadrilateral. P, Q, R and S divide AB, AD, CD and CB respectively in the ratio
2:1.

(@ Findthe position vectorsp, g, r, s, intermsof a, b, c, d.

(b) Provethat PQRS isaparalelogram.

17



Example 10.14

In the paralledlogram ABCD, P is the mid-point of AB. PC _‘ ~ _1

intersectsBD &t Q. BQ: QD=1:1,PQ: QS=1:s AB=a and [ 7 -

AD=b. KON
QD

(@ By considering B_Q: r, find A_Q> intermsof a, b andr.

QC

(b) By considering E: s, find r@ intermsof a, b and s.

(c) Hencefindr ands.

Solution

QD

@ SinceB—er,

A—Q>: DOb+ra
1+r

r 1
=——a+—>D
1+r 1+r

— 1
b AP=-a
(b) 5
AC=AB+BC
=a+b

QC

Since =— =5,
pQ

DO@+b)+ s(l aj
E _ 2
1+s

2+s 1
= a+
20+s) 1+s
(c) Fromtheresultsof (a) and (b),
r 1 2+s 1
a+ b= a+
1+r  1+r 20+s) 1+s
Since a and b are non-zero and not parallel,

r 1 2+S 1
a-+ b= a+
1+r  1+r 20+s) 1+s
r 2+Ss
= ... (1)
1+r 2(1+5s)
1 1
— = ... (2

1+r :1+s



From (2),r =s.
Substituting r = sinto (1), we have
S 2+S

1+s 2(l+s)
2s=2+S
s=2

r=2

Checkpoint 10.12

ABC isatriangle. M and N are the points dividing AB and AC respectively in the ratio 3 : 4.
Find, in terms of a, b and c, the vectors BC and MN. Hence, or otherwise, prove that

MNNBCamﬂMNLqusrL

19



Checkpoint 10.13
In the figure, taking O as the reference point, the position
vectors of points A and B are a and b respectively. D is apoint
on OB with OD : DB = 1: 2. E and C are points on AD and
AB respectively with AB: BC=2: 3.
(@ Find AD and AC intermsof aand b.
(b) Let AE=KAD.

(i) Find OE and OC in terms of k, a and b.

(i) If O, E and C are callinear, find the value of k.

20



Checkpoint 10.14

In the figure, OA =a and OB=h. Cisapoint on AB suchthat AC:CB =2:1. D isapoint
on OA and E isapoint lying on CD produced suchthat CD:DE=2:1.
@ Express& interms of aand b.
(b) Itisgiventhat OD = ma.
(i) Express CD and CE interms of a,bandm.

(i) Hence express OE in terms of a,bandm.
(c) Suppose AB isparallel to EO.

() Findthevaue of m.
(i)  Hence provethat OBCE is a parallelogram.

B
A

21
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10.5 Scalar Product

The scalar product or the dot product of two vectors a and b, denoted by a-b (read as a dot
b), is defined as the product of the magnitudes of a and b and the cosine of the angle 8 (where
0° <@ <180°) between them,

ie a-b =|a/|b|cos®

For any vectors a, b, c and a scalar k, the following laws are valid.
(1) a-a:|aj2

(20 a-b=b-a

(3) k(a-b)=(ka)-b=a-(kb)

4 a-(b+c)=a-b+a-c

® ii=jj=1

®6) i-j=0

(7) a-b=0ifandonlyif a_lb. (aandb areboth non-zero vectors.)

For any two unit base vectorsi and j, if a=xi+Y,j and b = X,i+Y,j, then

a-b= XX, + V1Y,

Example 10.15
Find the values of the following scalar products.

@ (2+3)-(5i-j) (b) @i+j)-(-3j)
Solution
€) (2 +3))-(5i-))=(O+ @)D
=7
(b) @i+))-(-3) =D +D(=3
=0

23



Example 10.16
Find the angle between the vectors 3i +j and i + 2j.

Solution
Let & be the angle between thevectors 3i +j and i + 2] .

@i+j)-(i+2)) =)@+ D2
=5
B +j)- (i +2j) =[3i +j|i + 2j|coso
=32 +12 x+/1? + 22 cos@
=52 cos6
5\2cos6 =5

cosd = i

V2

0 = 45°

Checkpoint 10.15

Find a-b and the angle between a and b in each of the following.

@ a=4i+2j,b=-i+]j (b) a=-2i+5j,b=i-4j
(Give the answers correct to the nearest 0.1° if necessary.)

24



Example 10.17

If |a| = 4, |b| = 7 and the angle between aand b is 60°, find the values of

@ ab (b) (a+2b)-(3a-b)
Solution
@ a-b =4(7)cos60° =14
(b) (a+2b)-(3a—b)=3d" +5a-b-2b[°
=3(4)% +5(14) - 2(7)?
=20
(© la+b|° = (a+b)-(a+b)
=|a|2+2a-b+|b|2
=47+ 2(14) + 7°
=93

Checkpoint 10.16

In the figure,

(8 Find AB and BC intermsof i andj.

(b) Find thevalueof AB-BC.

(¢ Disapoint onthelinex =5, find BD if AB is
perpendicular to BD.

(©

la+ b|2

Ci5, 3)

25



Checkpoint 10.17
In the figure, OABC is a parallelogram. E and F are the mid-

points of AB and BC respectively. OA =6i + 2] and
OB=7i+5j.

(@ Find OC, OE and OF.

(b) Find OE-OF.

(0 Find ZEOF.

(Give the answers correct to the nearest 0.1° if necessary.)

26



Checkpoint 10.18

In the figure, OAB is a triangle. C lies on AB such that
AC:CB=1:r,wherer > 0. Let OA=a and OB=b. D lieson
OB such that &)’:%b.

(@ Express OC and AD intermsof a, b and .
(b) SupposeOA =1andOB =r.
() Finda-aandb-b.
(i) Hence prove that AD is aways perpendicular to OC
forr > 0.

A

27



Exercise 10 Vectors

10.2
1. Inthe figure, AM = MN = NC. If ﬁzp and B—C:q, express the following in terms
of pandq.
o
A\
& 1
F -__ M
P/
& ;_ 4N
B == o ‘_.' C
q
(& CA () CN
(© MC (d BN

2. Inthefigure, C and D aretwo pointson AB suchthat AC: CD:DB=1:2:3.

T'---'-F-E.-
A
(@ Express AC intermsof AD.

(b) Express CD and CB intermsof AB.

3. Giventhat a and b are two non-zero and non-parallel vectors, find the values of mand n
in each of the following.
@ ma+(n-2b=4b
(b) (m+Da+(n+1)b=(2n-Da+mb

4.  Given that a and b are two non-zero and non-parallel vectors, find the value of m if
3ma+5b and (2-m)a+2b areparald.

28



5.

Refer to the given figure,

1]

A\

AN

F'.{'-.- K\.
III' - '\-\.\_ "'\."'
' '\-\.\_\_\_ %
P -\-\-\-'\"-._\_\_\_.. "'.%\
!

(8 Find PQ-RQ.
(b) Show that PQ+RS=PS+RQ.

Given two vectors u and v such that u| =4, find [u+ V| in each of the following cases:
@ v=3u (b) v=5u

(©) uandv areperpendicular and |v|=3.

In the figure, DMC and BNC are straight lines. DM =3, MC=2,CN=1and NB = 4. If

AB =Db, AC =cand AD =d, express

e
___-rl"__ 2 [ H
—3 M _—F &
- y 1
[ :-'\-.._.N_'
E.‘- 4
1 LY II
M [ I,'I
, r f ]
[ | A4 ‘.‘I
) ! .'I
rd a i
\ S | .'ll
.I'i'- b - B -'.:

@ CM intermsof cand d;
(b) CN intermsof b and c;
(© MN intermsof b, c and d.

29



8. In the figure, X, Y are the mid-points of the sides PS and QR of a quadrilateral
respectively. Z isthe mid-point of XY. Let PS =a, Q_Ié =band XY =c.

L | _ NH\. I|
¥ -""----:“u
[

(@ Express ZP, Z—Q ZR and ZS intermsof a, b and c.
(b) Hence provethat ZP+ZQ+ZR+ZS=0.

10.3

9.  Find the magnitude and the angle @ the vector —3i + 4j makes with the positive direction
of the x-axis, measured anti-clockwise.

(Give the value of & correct to the nearest 0.1°.)
10. Let P bethe point (-8, 3). Find the coordinates of Q if % =-12i + 9.

11. Ineach of the following, find a unit vector u in the same direction as the given vector v.
@ v=-i (b) v=-8i+15

12. Leta=3i+5 andb =2 -3j.
(@ Expressthe unit vectorsi andj intermsof aand b.

(b) Expressp=-4i + 2 intermsof aand b.

13. Letu=12i —7j, v =-6i + 14j. Find a vector p which has magnitude 8 and is paral€ to
3u + 2v.

14. Giventhree pointsA(2, 7), B(-1, 3) and C(2, 1).

(8 Find AB.
(b) If Disapoint suchthat CD isparalel to AB and ‘E)":ls, find
() CD;

(ii) the coordinates of D.

30



15.

104
16.

17.

18.

19.

20.

Given that OA = 2i + 6], OB = 5i — j and OC = i — 5j. P is a point such that
AP=KAB.
@ Express@ interms of k.

b) If ‘C_P'( - ‘/ﬁ‘ , find the possible values of k.

Pis point on aline segment AB. If OA =-3i + 3, OP = 15 and AP: PB=3:5, find
OB.

h and k are two non-zero vectors which are not parallel. The position vectors a and b of
two points A and B with respect to O are given by a = 5h + 3k and b = -2h — 4k
respectively.

If Pdivides AB intheratio 4 : 3, express the position vector of Pintermsof h and k.

Given atriangle ABC and apoint O. G is apoint such that GA + GB+GC =0.
(@ Express GA intermsof OA and OG.

(b)  Show that &':%(ﬁ+&i+o_c').

The figure shows a quadrilateral ABCD. The position vectors of A, B, C and D with
respect to O are a, b, ¢ and d respectively. If M and N are the mid-points of AC and BD

as shown, express MN in terms of &, b, ¢ and d.

The position vectors of the points A, B, C and D with respect to O are a, b, c and d
respectively. A, B and C lieon astraight linesuchthat AC: CB=1: k.

(@ Expresscintermsof aandb.

(b) Disapoint lying on OC such that d = 2a + 3b. Find the value(s) of k.

31



21.

22.

23.

In the figure, P isthe mid-point of OQ and PX : XR=1: 3. Let OP = p and OR =r.

(@ Express OX in terms of pandr.
(b) LetQY:YR=m:n. Expr&eso_\f intermsof p, r, mand n.
(c) Usingtheresultsof (a) and (b), find QY : YR.

In the figure, QRP and OQS are straight lines. The lines PQ and RS intersect at T such

that PT : TQ=3:4, RT: TS=1: 2. The position vectors of P, Q, R, Sand T with

respectto O arep, g, r, sand t respectively.

!
PN

- by
.___.--" |

- i o

| o
e

- P

1
R

(@ By consdering AORS, expresst intermsof r and s.

(b) Giventhat p :gr and g :%s, by considering AOPQ, show that t =

Hence, find the value of L.

In the figure, OA = aand OB =Db.

A x B ¥

(@ If XdividesAB intheratiol: 2, find OX intermsof aand b.
(b) If BdividesAY intheratio 3: 1, find OY intermsof aand b.
(c) Show that AB = XY and hence show that AX = BY .

14r + us
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24,

25.

105
26.

27.

In the figure, OPQR is a paralelogram. M and N are the mid-points of PQ and QR
respectively. OM and ON intersect the diagonal PR at X and Y respectively such that
OX oy

2 . 2, Let OP=p, OR=r .
XM YN ¥ P

| N
[#] R

(@ Find PX and YR interms of p,r, Aand L.
(b) Show that X and Y trisect PR.

In the figure, OA = 15i + 10j and OB=i + 2. OP: PA=3:2and OB : BQ=1:2.

._-:.r"
o
S
a R~ P
B
I
i "-l-.
_;. el |

(@ Writedown AB, OP, &Q and % intermsof i andj.

(b) Giventhat AR =hAB, express OR intermsof h, i and].
(c) Giventhat PR = k@, express OR intermsof k, | andj.
(d) Using theresults of (b) and (c), find the values of h and k.

Findu-v if
@ u=-i+j,v=3i+2
(b) u=6i-7j, v=10i-9j

In each of the following, find the angle between a and b.
(Give the answers correct to the nearest degree if necessary.)
(@ a=4i+j,b=3+5

(b) a=-1+2j,b=3+4j
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28.

29.

30.

31

32.

33.

Giventhat || =2, |b|=5 and the angle between aand b is 60°.
(@ Finda-b.
(b) Hencefind (a+3b)-(4b-5a).

Giventhat OA =2i+j, OB=4i+kj and OC=3i+3j.f AC-OB=0A-0C, find
(@ thevaueof k,

(b) ZABC correct to 2 decimal places.

Find the unknown constant k if a=16i+kj and b =4i —kj are perpendicular to each

other.

Given two vectors p=5i—2j , q=+13i+4j . Show tha p+q and p-q ae

perpendicular.

Giventhat [ =3, |b|=2 and [a+2b| =5, show that a is perpendicular to b.

In AOAB, OA =a, OB=b and ZAOB = @. Show that
B
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(6) areaof AOAB=2 [’/ - (a-b)*
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34. The figure shows three points A(3, 4), B(8, —6) and C(7, 1). Prove that OC bisects
ZAOB.
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35. Inthe figure, OACB is arhombus and OA = 1. M and N are the mid-points of AC and
CB respectively. Let OA =a and OB=b .

B M c

o [}]
(8) Express OM and ON intermsof aand b.

(b) Provethat ﬁ’.o_m’:%a-bu.

(c) If ZNOM isaright angle, find ZAOB.

(Give the answer correct to the nearest 0.1°.)

36. In the figure, ABCD is a square and AB = 1. P and Q are points on AB and BC
respectively suchthat PB=QC=Kk, AB=u, BC=vV.

(@ Express A—Q and DP in terms of u,vandk
(b) Show that AQ_L DP.
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37. Giventhat P, Q and R are three points (5, -8), (2, 3) and (8, 7) respectively.
(8 Find PQ and PR.
(b) Sisapointon PR suchthat SQ L PR.
(i) Express % in terms of % and PS.
(i) FndPS: SR.

38. u and v are unit vectors and a, b are vectors such that a=u—-3v and b=v-5u. Find

the angle between aand b if u-v:%.

39. Inthefigure, AP L OB.

(b) Let OA=3i+4j and OB =6i—2j.
(i) FindOP: OB.
(i) Find OP and PA.
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