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9. ABCDEF is a regular hexagon. Express in terms of a single vector the sum of the

vectors
(a) AB, AE, o (b) AB, AC, AE, AF,
(c) AB, AF, (d) 44B, 2AC, AD, AE, SAF. ©

10. ABCDEF is a regular hexagon. Given that Xl? =p and E(? = (, express the

following in terms of one, or both, p and q.

- —— — —
(a) AD +BE (b) BD+CE

In Example 4, p and q are non-parallel vectors and E D

}7_5 =ptq,

(D=q-p=-p+tgqg

- F c

BE =2(q — p)= —2p + 2q. q

P
A B
Fig. 23.16

Each of these vectors is expressed in terms of the non-parallel vectors p and q and is of

the form mp + nq, where m and n are scalars.

In general:

This result may be be explained as follows: B P
For any vector OP there is a parallelogram OA'PB’ such B
that

— —

OA’ = ma, OB =uwnb

—_ — — :
and OP = 0OA' + OB’ (parallelogram rule) o T Al

: = ma + nb '
Fig. 23.17
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An important nature of vectors is that two non-parallel vectors cannot be equal. This
enables us to have the following results: :

If non-zero vectors a and b are non-parallel, then

(a) da=pma = da=0and pa =0

= A=0and p=0,

(b) pa+tgb=ra+sb = (p—na=(—qgb

= (p-nN=0and (s—q) =0,

which gives

Example 6

Solution:

Example 7

Solution:
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Given that vectors a and b are non-parallel and non-zero, find the values
of ¢ and s if

a+1b+2a)=2a+b+s@—b).

a+#b+2a)=2a+b+s@—b)
(1+2t)a+tb=(2+s)a+(1—s)b
= 14+2t=2+s

D T 1)
and T R USRI IUUURIE U R ORI, (2)
Adding (1) and (2),
3t=2 :‘,~z‘=2 and so s=1
3 3

In Fig. 23.18, OA =a, OB = b and OP = 2a + 3b. Given that

- — — — —

OM = AOP and AM = pAB, express OM : P
(a) in terms of A, a and b, '

(b) in terms of w, a and b.

Hence find the values of A and y and

— ‘
express OM in terms of a and b.

(a) 0_1\7 = )\b?
= A28+ 3b) i

(b) AM = @ .
= u(OB — OA)
= ub —a)




By the triangle law,
— — —_—
OM = OA + AM
=a+ ub —a)
=0 —pwat+ub o, 2)

From (1) and (2),
2 Aa + 3Ab =1 — w)a + ub
= 2V =1—p and 3A=pu
1 3

= = —~ =
ER

and OM = %(Za +3b)

2
f— +
= ——Sa b

Wi

(Answers on p. 590)

OABC is a parallelogram with 52 = a and : c Q B
51? = b. P and Q are the midpoints of AB

. —_— = — b
and BC respectively. Find OP, OQ and AQ P

in terms of a and b.

0 A

oy

ABCDEEF is a regular hexagon with centre O. Suppose E = p and ZI_; = (, eXpress
1—4—5, ;&—5 A_E and EE in terms of p and q.

Given that the non-zero vectors a and b are non-parallel and that
3a+12a—3b)=a+ b+ s@a-+2b),
find the value of ¢ and of s.

Two non-zero vectors a and b are non-parallel. If 2a + #(a — b) and 2b +a + b
are parallel, find the values of . ‘

OABC is a square with b—X = a and 55 = ¢. M is the midpoint of BC and AM

— — — — —_—
intersects OC produced at P. Given that AP = kAM and OP = nOC, express OP
(a) in terms of k, a and ¢,

(b) in terms of »n, a and c.
Hence, find the value of n and of k.
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6. Given that 5X = a, 55 = b and
55 = a + 2b as shown in the figure. AB
meets OC at R so that —A—ﬁ = kﬁ and
51_3+ = nb—5 . Express 0—1?

(a) in terms of k£, a and b,
(b) in terms of n, a and b.
Hence, find the value of n and of k.

7. Given that ’o_A’ = a, 0—l?= b, ?)_ﬁ = 37(_)—; and 56 = 2Zb, express E and ?Q) in
terms of a and b. '
PQ meets AB at R'so that —PTIS = nI—’a andXRT> = @ Express Z)‘R)
{(a) - in terms of n, a and b,

(b) in terms of £, a and b.
Hence find the value of n and of k.

In Fig. 23.19 the position of a point P with P
respect to an origin O is indicated by Qg

directed line segment OP. The vector OP

is called the position vector of P. 0 Fig. 23.19

Example 8  Relative to an origin O, the position vectors of the points A and B are
a and b. C 1s the point such that OACB is a parallelogram and M is the
point of intersection of the diagonals OC and AB. Find the position
vectors of C and M.

Solution: By the parallelogram law, c
— — —
OC = OA + OB B
=a+h
The position vector of C is a + b. b
A
Since the diagonals bisect each other, o a
—
OM = %Oc Fig. 23.20
=la+m

The position vector of M is %(a + b).
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Exercise 23.1 (p. 481)

1

4.

(a) AP (b) AB (&) AD 3. %(0_13 ~ 0A), %(52 + OB)
(@ %(574 + OB), *%52 + OB, —204 +;_0_E

LR v nmd Arad3na Lam 147
(b) 50C+20A, 0C+50A, EOC—EOA

5. 208 6. () p+q ) p-gq © q—-;-p;/i units
8.q—/2p 9. (a) AD (b) 2AD (©) %A_ﬁ (d) S%A—ﬁ
10. (a) 4q — 2p (d 3q—-p
Exercise 23.2 (p. 485)
1.—;—(a+b),b~%a,b—%a 2. p+q2p+qp+2qq—p
_4 5 T
3. s—7,z 5 4 1
5. (a)(l—%k)aJrkc ) nen=2,k=2
6. (@) (1 —ka+ kb (b) na+2nb;n=%,k=§—
7.E=b—a,@=2b~§a
(a) %(l—n)a+2nb (b) (1 - k)a + kb; n=%,k=%
Exercise 23.3 (p. 490)
1. %(23 +b), %(a +2h) 2. ma+b 3. 2(a — b), 5(a — b)
4. AFZZp*Sq,A?=5p+(k-—1)q;k=—~12—,)\=%
6. A —Dp+(+Dg A+ Dg A=1
7. @ loe+a ®) q-p © 3p—q
_ 1 k n—2
8. (@) (I - mka + 3nb O
9. (a) (m+1)q— mp ' d) G+nq—9p;, m=9,n="7, 10q — 9p
10. AQ=2b—a,BP=3a~-b '
(@ (1-Na+2b (b) 3/,La+(1—,u)b;)x=—§—,u=;—; %a+g—b
1. (L~ Da+2b, 20— kay k=17, 1=3
G =ta+ld oc=-L L4 OFE=a— VF = 3q — 1
12. 0G=1a+1d,0C=~Ja+b+5d OF=a~b+d,0F=2a—b+d
13. OD = 3(p — 2q), A = —4 14.0_5=a+c—b,0ﬁ=%(a+c)
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