R

n The vectors a and b are given by a = (_34J and b = (_2]

Vectors

ROBINSON Worked solutions

5

a. Find 2a - 3b, giving your answer in terms of i and j
b. Find |a|

o)

Werete eh ¢ and J ocorm

o =
b =
20 =
3 =
20 -3b =
20 -3b =
128 - 23

o)

3 - 4

2. 45

G - %)

-6l + \SJ‘

(¢ = (-0 + (-2 -15))
12 - 23)

Use Pythagoras on the components
(32 4+ (-u)?)
{L7(2+16)

{as

o] =
o] =
ol =
of = §
o| =5

This topic online

(3 marks)
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u The vector v = 5i - 12j

a. Find a unit vector in the direction of v

b. Find the angle between v and the positive i direction.

o)
Find €he m«bnatude ocirs'(:

vl = (5% +(-12)2)
vl = I id

vl = \3

(4 marks)

Oivide v bv ite mmanitu&c
unit vector = l (5:. - |2_5)
13

s 12 .
—_ = —
\3 13

b)

Sketeh:! S across, 12 down, so v points below the ¢ direction

'(:o.n9 = ﬁ
S

6 = fo.h"(l.‘-t)
O = ¢ran..

[~}
¢T1.4 below the positive ¢ direction
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n Relative to a fixed origin 0, the point A has position vector 2i - j and the point B has position vector
-4i + 7j

a. Find AB
b. Find the distance AB
c. Find the position vector of the midpoint of AB (4 marks)

o)
Vector AB = 06 - OA

AB = (-uc+ 7‘)) - (2¢ - J)
AB = -¢ty)

-6i + 80‘
b)

AB| = [T((-¢)2 + %2)
AB| = (3¢ +¢u)
AB| = Moo

AB| = o

10

¢)

M'\d.pou\t = L (OA + 06)
2

oM = l Ce - .
2_(2. yowitTy)
OM = l("li"‘:))
2

oM = -&+3:)

=L+ 3)
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n The vectors p = (k + 2)i + 6j and q = 2i + (k + 3)j, where k is a constant.

Given that p is parallel to q, find the possible values of k. (4 marks)

Parallel means p = 7\1, so the components are in £he same rateo
(e +2) = 3
2 (e +3)
Cross nw(.'l‘:ip(.:)
(v +2)(k +3)

R2+ Sk t¢ = 12

12

R24+Sk=-¢ = O
Fo.c‘tortsz

(k4+¢)(n-\) =0

k= \orlk =<6
Check

k=l1p=3:.+6\)',1=2:.*'+"),p=\.51'
k=-Cp=-4ct6),9 =2i-3),p=-29

R=\ork ==§
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a The vector ¢ = 2ti + (t — 5)j, where tis a constant.
Given that |c| = V65
a. find the possible values of ¢

b. find, for the positive value of ¢, a unit vector in the direction of ¢

o)

S«luo.ro, the m«smtu&e to remove the root
2 = (2¢)* + (£ -5)
¢S = 4t*+t*-10t +25

(5 marks)

B

= stt-\ot-40

= t*t-2t -2
0o = (£-4)(t+2)
t=Yort=-2

b)
Substitute t = 4

¢ = %i-t('-}-S')\)‘

e = 2 -")
Ocvide by Ic’ =l¢s

| .
I ¢s (8- 3)
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n Relative to a fixed origin 0, the points A and B have position vectors

OA=3i+j and OB=-i+4j

a. Find the size of angle AOB, giving your answer in degrees to one decimal place.

b. Find the exact area of triangle OAB

«)

Find £he three scde Le.askks

|oA
06

AG

AG

{2+ )=l 10
-0 +ur) =L
06 - OA = -uc + 3
e+ =5

Cosine rule For the angle ak O

cos AOB
cos AOB
cos AOB

Aob

%s.¢

©

)

= (o+17-25)

(2x L woxd17)
2
(2{"170)

|
{10
o

35.¢0...

Use sin2 B 4 cos? B =1 to keep tt exact

«cn AOB = G- | )

sin AOB
scn AOB

[giial

= 13

1o

Acrea = L ab sen C

orfeo

ofeo.

ofeo

2

| \3
—xr|0x_r\7x i
2 o
| 13
_xrl'le -

2 {0

13

2

(6 marks)
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(K-

2

Relative to a fixed origin 0, the points 4, B, C and D have position vectors
a=i+2j, b=5+4j, c=8i+10), d=2i+7j
a. Show that ABCD is a trapezium, giving reasons for your answer.
b. Find the ratio AB: DC

»)

Find vectors for opposite sides
AB = (sctu))-(c+2))=uwi+2)

(4 marks)

0C = (% +103) - (2 + 7)) = ¢ + 3}
0C = i(n«.+z\)‘)=iA6
2 2

50 A6 XS po.ro.(..(..c(. to 0C
AD = (204 7)) - (c+2)) =i +5)
BC = (2 + 10)) - (5 +4)) =3 +¢)
\: S s not the same ratioas 3§, so AOD is not po.ro.(.(.e.(. to BC
one poif of parallel scdes on(.y

ABCO s a trapeziom
b)
0C = 2p8

2

AG:0C=2:13
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n Relative to a fixed origin 0, the point A has position vector 4i — 7j and the point B has position
vector 14i + 8j

The point P lies on the line segment AB such that AP: PB = 3:2

a. Find the position vector of P

b. Find |OP|, giving your answer as a simplified surd. (4 marks)

o)

Ao;s%o;l\&

A = (e +8)) - (4e-T))
AG = 10 +15)

Ap = %(IOL-F\S"))
AP=6§.+1:)

o¢ = OA +Ap

Of = we-Ty+6i+19;
Of = \Ou +2)
\Oc + 2§

b)

o?| = { (\o*+22)
of| = { iou

of| = LTuxt 26
o°| = a{ 2¢

2 2¢
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n In triangle OAB, 0A =aand OB =b

The point M is the midpoint of OA. The point N lies on AB such that AN: NB =2 : 1

a. Find MN in terms of a and b, giving your answer in its simplest form.

—

The point P is such that OP = 2b
b. Show that M, N and P lie on a straight line.

c. Find the ratio MN : NP

o)

Go From OtoN a.L003 OA &hen port of A

A6=b-o.
ON = .+ 2(p-a)
)
ON = 1,42,
) 3
oM = 1,
2
MN = ON - OM
MN = la».'l'ib-'—a.
3 2
MN:-lo,*ib
¢ 3
MN=-lo.+ib
6 3
b)
Mp = or - oM
Mp'-‘Zb-lo.
2

Me
Mp

MP is parallel to MN and both pass ‘throusln M

\ 2
3(-—a + —b
(-=o 3)

aMN

M, N and @ Lie on o s(:ro.:.ak‘k Lene

e)
Me
NP

aMN
Me - MN = 2MN

(6 marks)
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MV:NP=1:2
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m A park is modelled as a quadrilateral OPQR. Relative to the point O, the corners have position vectors
OP = 6i, 0Q =10i +9j, OR = 8i+ 18]
where i and j are unit vectors due east and due north and each unit represents 10 metres.
a. Show that the side PQ is parallel to the side OR

b. A straight path runs from O to Q. Find the length of the path in metres.
c. Find the size of angle OPQ

d. Give one limitation of the model.

o)
N

PO
4 AN
OR = 8c+18)=2(uc + 1j)
OR = 2/

S NPEN porallel to OR
b)

(8 marks)

OoB. - O?
\Oi+15-éi

qa+15

04| = I (\o*+9%)
06Q.| = { il
OB = \3.4953... uncts

Eoach unct cs \O m

(.e.na(:h = \34.53..m

1I3S m
)
Sude Le.aatlns of {:r:.o.nat.e. (014 &N

|op = ¢

IPG. = f(w+)=L17
|o& = Mo

Cosine rule For the Q.I\SLL ot P

cos OPQ. = (36 +97-1%1)
(zxcxr‘h)

cos OPAL = -+8
(21 97)

cos OPOL = -0.w0¢lI...
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oS = \I3."IC...°

\I‘+.O°
4)

the edges well not be pe.race.o'(:(.j stro.isk(: and the ground s not
I.(.o.'l:
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m Relative to a fixed origin 0, the points 4, B and C have position vectors
i+2j 4i+6j and pi- 3j
respectively, where p is a constant. Given that angle ABC = 90°
a. use Pythagoras' theorem to find the value of p
b. find the area of triangle ABC
c. The point D is such that ABCD is a rectangle. Find the position vector of D (7 marks)

«)
AB = (wer ¢ -(c+2)) =344
BC = (pi-3j)-(wi+¢))=(p-u)-1
AC = (p:.-'b\)‘)-(i+z\)‘)=(p-l)i-$:)
Right angle ot B, <o AC is the hypotenvse

AC|* = |AB|*+ [BC

(p-1)*+25 = 254 (p-u)* +ul

2

prm2pty = pr-Fpr i+
¢p = 96
P \é

p=l6
)

AG
&C
&C

= |
afeo = _ xs5 XIS
2

afeo = 37.5

A+ w)=+5
\2.&-‘15
T +9) =15

37.§

)
Iha re.d:ombu. AO = BC

00 = oA +6C
o0 = L2y Iz -9y
00 = 3¢ -7

\3i - 7y

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 13 of
Tuition 15



m In triangle OAB, OT4 = aand JB =b
The point P lies on OA such that OP: PA = 1: 2 and the point Q is the midpoint of AB. The lines 0Q
and BP meet at the point X.
a. Find, in terms of a and b, (i) JQ (ii) B}
b. Using a vector method, find the ratio 0X : XQ
c. Find the ratio BX : XP

(8 marks)
o)
oa. = ot l (b - m)
2
oa = lo. + l b
2 2
B = or-06
G = lm -b
3
\ | |
OB = —a + —b,69= —a=-b
YR 2 3
b)
\Werete OX two wa ys
OX = AO&=Am+Ab
2 2
OX = o6+,¢60=b+,¢(%&-b)
OX = %u‘!’(l'[&)b
a and b are not parallel, so compare c.oe.ococ:.c;e.ats
A=p
2 3
Asip
2
H o=
)
o= 3-3p
=2
Y
A= 2p )
3 2
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ox = L oa
2

OK: K& =11

e)

(o
%
"
g~
(o
)
"

EX.Y,
N

Br:xP=3:1
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