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Question1  (*¥)

The straight lind, passes through the points with coordind&4,6) and(2,2,]).

a) Find a vector equation of; .

A different straight lind, passes though the poi@t(6,6,- 4) and is parallel to the

vectordi- 2+ & .

b) Show clearly that, andl, are skew.
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Question 2 (**)

Relative to a fixed origirD, the respective position vectors of three poiatsB and
C are

3 -5 4
2, 11 and O
9 6 -8

a) Determine, in component form, the vectéi8 and AC.
b) Hence find, to the nearest degree, the aBf€.

c) Calculate the area of the triangBAC.

AB=-8i+9- &, |AC=i-2j- 1k |, |g» 83|, |area» 10§

Created by T. Madas



Created by T. Madas

Question 3 (**)
The straight lind, passes through the poingg2,5,9 and B(6,0,10.

a) Find a vector equation fdy.

The straight lind, has vector equation

8 2
r=8 +m 1,
0 -3

where m is a scalar parameter.
b) Show that the poinA is the intersection off andl,.

c) Show further that; andl, are perpendicular to each other.

r=2+5+8 +/(4-pk )
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Question 4 (**)
Relative to a fixed origirD, the pointsA and B have respective position vectors

i+7)+% and5 +j- X .
a) Find a vector equation of the straight lihewhich passes throughA andB.
The straight lind, has vector equation
=5-4+&+m- g+ IR),
where 71 is a scalar parameter.
The pointC is the point of intersection betwegnand|,.

b) Find the position vector of .

c) Show thatC is the midpoint ofAB.

r=i+7 +% +/ (2 -B- 6|, |OC=3i +4

@ o= b2 = (ure)- (1

@ Mveont o i WAk g 48, z4e) [ US
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Question 5 (**)
The figure below shows the triang@AB.

A

The pointM is the midpoint ofOA and the pointN is the midpoint ofOB.

Let OM =a andON =b.

By finding simplified expressions favIN and AB, in terms ofa andb, show that
MN is parallel toAB, and half its length.

proof
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Question 6 (**+)

The pointsA(2,4,4), B(6,8,4), C(6,4,0, D(2,0,0 andM (4,4,2) are given.
The straight lind; has equation

n=6+4 +/(+4),
where/ is a scalar parameter.

The straight lind, passes through the poirtsand M .

a) Find a vector equation of;.

b) Show thatAB is parallel tol, .

c) Verify that D lies onl, .

d) Find the acute angle betwe&C andl, .
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Question 7 (**+)

The straight lined; andl, have the following vector equations
n=4+3 & +/( +¢ +3)
r,=8+g +1B +m(2 - 3+16),
where/ and m are scalar parameters.
a) Show thatl; andl, intersect at some poift and find its coordinates.

b) Calculate the acute angle betwderandl,.

P(6,11,7),

(1) ST Dtk o
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Question 8 (**+)

Relative to a fixed origirD, the pointsP and Q have respective position vectors
(- 7j+ &) and(3i- §+ X).

The straight lind; passes through the poinftsand Q.

a) Determine a vector equation for.
The straight lind, has vector equation

r=(7+g +t ) +m +4 k ),

wherea andb are scalar constants, amdis a scalar parameter.

b) Given thatl; andl, intersect aQ, find the value ofa and the value ob.

¢) Calculate the acute angle betwegnandl,.

[ 1 [r=-7+&+/(8-j- ©),[a=8], [b=-2], [86.4]
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Question 9 (**+)

The straight lined; andl, have the following vector equations
n=2+3 +/{ 4)
r,=2+5+% +m(R2  k ),
where/ and m are scalar parameters.
a) Show thatl; andl, do notintersect.
The pointP lies onl; where/ =4 and the poinQQ lies onl, where m= - 1.

b) Find the acute angle betwe@&® andl; .

[ T.[56:3
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Question 10 (**+)
Relative to a fixed origirD, the pointsA, B andC have respective position vectors

a=8i+j, b=5+& and c=14i+j+1% .
a) Find a vector equation of the straight line whiasges througtand B.
The pointM is the midpoint ofAB.
b) Show thatCM is perpendicular tcAB.

c) Determine the area of the trianghBC.

r=5+& +/(-2+4 +2 )|, [area= 90
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Question 11 (**+)
With respect to a fixed origi®, the respective position vectors of the poiAts B

andC are

2 12 10
9, 4 © and -3
-1 7 7

a) Find the position vector of the midpoint &C .
The pointD is such so thaABCD is a parallelogram.

b) " Determine the position vector @ .

c) Calculate, correct to one decimal place, the afgs.

d) Hence, calculate the area of the triangiBC.

6i+3 +&], [2j-k|,|g»98.6], [area» 49.
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Question 12 (**+)
OABC is a square.

The pointM is the midpoint ofAB and the pointN is the midpoint ofMC..

The pointD is such so thaAD =% AB.

Let OA=a andOC=c.

a) Find simplified expressions, in terms afandc, for each of the vectorBD,
MC, MN, ONand ND .

b) Deduce, showing your reasoning, tl@f N and D are collinear.

-1 1. - 1&7 -1,,3 -1..,3
BD—ZC, MC 2c a, IMN 4c 2a, ON a+4c, ND a+4c
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Question 13 (***)
Relative to a fixed origirD, the pointsP andQ have respective position vectors

5i+% and3i+3.

a) Determine a vector equation of the straight linehich passes through the
points P and Q.

The straight linem has a vector equation
r=4+§ -k + mb-j+ B,
where 71 is a scalar parameter.

b) Show thatl andm intersect at some poir& and find its position vector.

c) Find the size of the acute angje formed byl andm.

r=G+x+/(2-B+R)|, |OA=-i+9j- &«|, [g»38.8]
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Question 14 (***)
The pointsA(2,10,7) and B(0,15,19 are given.

a) Determine a vector equation of the straight lipehat passes through the
points A and B.

The vector equation of the straight lihgeis
=4+ -&+m2-j+1B),
where mi is a scalar parameter.
b) Show thatl; andl, intersect at some poif® and find its coordinates.

c) Calculate the acute angle betwdermand |, .

[ 1 n=2+19 +® +/(-2+ p+k5)[, |P(6,0- 3|, [77.4
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Question 15 (***)
Relative to a fixed origirD the following position vectors are given.

1 4 6 2
OA= 6 ,0B= 3 ,0C=1 andOD= 8 .
11 5 1 9

a) Show clearly that ...
I. ... AD is perpendicular t@D.
ii. ...the pointsA, B andC are collinear and state the rath®: BC.

b) Determine theexactarea of the trianglBD.

[AB: BC=3:2], area=%f5
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Question 16 (***)
Relative to a fixed origirD, the pointsA and B have respective position vectors

4i+3-% and 2i+X.

a) Determine a vector equation of the straight lipgvhich passes through the

points A andB.

The straight lind, passes through the poi@t with position vectordi - § and is

parallel to the vector |3k .
b) Write down a vector equation df,.

c) Show thatl; andl, intersect at the poinf.

d) Find the acute angle betwegnandl,.

=4 &+ n(3-k)| 473

n=2+x+/(2+8-6),

@ AB=b-2-(

® o=
@
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Question 17 (***)
Relative to a fixed origirD, the straight lined and M have vector equations

4 F2 -4 5
=5+t 4 and r,= -1+s 1,
0 1 3 -2

wheret and s are scalar parameters.
a) Show thatL andM intersect at some poirk and find its coordinates.
b) Find the size of the acute angje formed byL and M .

The pointsB andC lie on theL where t =3 andt =6, respectively.

c) Find the ratioAB: BC.

[ 1.[A(6.1- 1}, [g» 714, [AB: BC=4:3
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Question 18 (***)

The straight lined; andl, have the following vector equations
n=2+ +/(i+2+8)
r,=i+5 +& +n{ -R )

where/ and m are scalar parameters.

a) Verify that bothl; andl, pass through the poif®, whose position vector is
5] + & .

b) Find the acute angle betwegnandl, .
The pointQ has position vectori+ j+k .

c) Find a vector equation of the straight linethat passes through the po(@®t
so that all three straight lines intersect.

[33.2], [rg=-i+j+k +1( +4 +6 )
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Question 19 (***)

With respect to a fixed origi®, the pointA has position vecto8i - 6+ % and the
point B has position vectotti +1j +2k .

a) Show clearly that
|AB =612« 24t+ 12E.
Let f(t)=6t>- 24+ 12E.
b) Find the value ot for which f (t) takes a minimum value.

c) Hence determine the closest distance betw&emnd B .

t=2], |v101

© v ta2
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Question 20 (***)
Relative to a fixed origirD, the pointsA and B have respective coordinates

(2-33 and (51b),
whereb is a constant.
The pointC is such so thaDABC is a rectangle, wher® is the origin.
a) Show clearly thab=5.
b) Determine the position vector .

c) Find the vector equation of the straight linéhat passes through andC.

C(342|[r=2-3+B+/(+7%k )
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Question 21 (***)
The following vectors are given

a=6i- 3+ X and b=(4p+1)i+(p- 2j+k,
where p is a scalar constant.
Find the value ofp if ...

a) ... a andb are perpendicular.

b) ... a andb are parallel.

o
1]

1
wlho
©

I
Nl
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Question 22 (***)
OABC is a parallelogram and the poikt is the midpoint ofAB.

The pointN lies on the diagonahC so thatAN: NC=1:2.

Let OA=a andOC-=c.

a) Find simplified expressions, in termsafandc, for each of the vectoraC,
AN, ON andNM .

b) Deduce, showing your reasoning, tl@tN and M are collinear.

, JAC=c- a|, [AN=

i =241 -1.,1
C 3a, ON 3a+30, NM 3a+60

wl—
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Question 23 (***)
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The points with coordinates(1,4,3, B(2,2,] andC(5,4,0 are given.

a) Find a vector equation of the straight linethat passes through andC.

The pointD (X, y, 2) is such so thaBD is perpendicular td.

b) Show clearly that

4x- 3z= 5.

r=i+4 +&% +/(4-B)
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Question 24 (***)
The straight linel; passes through the poirgg3,0,3 and B(5,5,2).

The straight lineL, has a vector equation given by

5 1
r=5+m 0,
2 -3

where m is a scalar parameter.
a) Write down the coordinates of the point of intetsectof Ly and L, .
b) Find the size of the acute angje betweenL; and L,.

c) Calculate the distancaB.

The pointC lies onL, so that the distanc@B is equal to the distaneC .

d) Determine the coordinates Gf.

P(5,5,2)|, [g»73.2], ||AB =+/30|, |C(L-5,4

@) Miws § T Fons (s,
W A= beas Gs)-Gony= G,

@
€l
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Question 25 (***)
A tunnel is to be dug through a mountain in oraelirtk two cities.

Digging at one end of the tunnel begins at the fpaith coordinates(- 3; 3,9) and
continues in the directioni 2 j 2k .

The digging at the other end of the tunnel stattgha point with coordinates
(-19; 7 3 and continues in the directidi+ 3 + X .

Both sections are assumed to be straight lines.

The coordinates are measured relative to a fixeginoO, where one unit i%0
metres.

a) Show that the two sections of the tunnel will evatly meet at a poinP , and
find the coordinates of this point.

b) Find the total length of the tunnel.

P(5,5,9)|, |length = 2000 metr

o
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Question 26  (***)

Relative to a fixed originO, the straight lined; andl, have respective vector
equations given by

7 8 1 9
rn= 2 +/ -1 and r,= p +m-2,
-3 2 1 5

where / and /i are scalar parameters apdis a scalar constant.
The pointT is the point of intersection betwedn andl,.

Find in any order ...

a) ... the size of acute angle betwegrandl,.

b) ... the value ofp.

c) ... the coordinates of .

g»15.8|, |p=1, |T(-17,5 9

& (- ,n‘»{'ir“;,‘ 2119, -3 5] conr

O 5= @093
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Question 27 (***)
With respect to a fixed origi®, the pointsA(2,6,5 and B(5,0,- 4) are given.

a) Find a vector equation of the straight libg which passes throughA andB.

The straight linel., has a vector equation

-4 1
r2= 4 +/770,
-5 1

where m is a scalar parameter.

b) Show clearly thal; and L, intersect, and find the coordinates of their point
of intersection.

1
The straight linel; is in the direction k .
1

c) Given the acute angle betweén and L3 is 60°, show clearly thak = +/6

n=2+§ +& +/ (i +p+B)|, (3,4,2
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Question 28 (***)

The straight lined; andl, have the following vector equations
n=2+3 +/(2 4 +4)
rp,=8+3 +8 +m{ +P k ),
where/ and m are scalar parameters.
a) Show thatl; andl, intersect at some poir&, and find its coordinates.
b) Show further that; andl, intersect at right angles.
The pointB lies onl; where/ =-1 and the poinC lies onl, where m=3.

c) Find the exact area of the triangbAC.

A(6,5,9)|, |area= 9/ 14
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Question 29 (***)

The straight lined; andl, have the following vector equations
n=4+7 +& +/( §)
r,=8+5 +& +m k),
where/ and /m are scalar parameters.
a) Show thatl; andl, intersect at some poirk and find its coordinates.
b) Calculate the acute angle betwderandl,.
The pointB(8,3,4) lies onl, and the poinC lies onl, where m=4.

¢) Find the distancaB.

d) Show that the area of the triangdBC is 6./3 square units.

A(6,5,4), [60°], |AB=2V2
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Question 30 (***)
The figure below shows a trapeziUl@BCA where OB is parallel toAC.

C

The pointD lies onBA so thatBD: DA=1:2.

Let OA=4a, OB=3b and AC=6b.

a) Find simplified expressions, in terms afandb, for each of the vectors
OC, AB, AD andOD.

b) Deduce, showing your reasoning, ti@&tD andC are collinear and state the
ratio of OD :DC.

loC=4a+6b|, |AB= - 4a+ 3|, AD=-8a+ 20|, |OD=%a+2b),

lOD: DC=1:2|
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Question 31  (***)
The pointsA(5,1,3, B(3,1,9, C(5,3,5 andD(4,0,3 are given.

a) Show that the triangl&BC is equilateral and find its area.
b) Show further that
AD =/ AB+m AC,
stating the exact values of the scalar constargsd /7.

¢) Find the size of the angIBAD.

area= 2/—3

,

~N
1
N
3
I
1
Nl=
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Question 32 (***)

With respect to a fixed origi®, the straight lines; andl, have respective vector
equations given by

9 3 0 1
rn=0+t 1 ~andr,= 4 +s -2,
4 p 3 -1

wheret and s are scalar parameters.

a) If 1, andl, are skew find the value that cannottake.

b) If |; andl, are not skew find the coordinates of their poinhtersection.

pt2,|(3-20

® =Gt P - G &, py
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Question 33  (***)
The figure below shows a triang{@AB.

The pointP lies onOA so thatOP: PA=4:1.
The pointQ lies on AB so thatAQ: QB=2:3
The sideOB is extended to the poiRR so thatOB: BR=5:3.

Let PA=a andOB=5h.

a) Find simplified expressions, in termsa@fandb, for each of the vector#B,
AQ and PQ.

b) Deduce, showing your reasoning, thaf Q and R are collinear and state the
ratio of PQ: QR.

AB=5b - 5al, |[AQ=2b- 2a, |PQ=2b-a|, |PQ: QR=1:3
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Question 34 (***)

The straight lined; andl, have respective vector equations

6 3 5 7
rnr=1+/ 4 andr,=8 +m1,
0 a b 0

where/ and m are scalar parameters wheandb are positive constants.

Given thatl; andl, intersect at some poift, forming an angle o60°, determine
in any order ...

a) ... thevalue ofa.
b) ... the value ofb.

C) ... the coordinates of .

la=5|, [b=10], |P(12,9,1Q
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Question 35 (***)
The points with coordinates(8,0,19 and B(9,- 2,14 are given.

a) Find the vector equation of the straight lipethat passes through and B .
The straight lind, has equation
r=i+9 +x +m2 +),
where m is a scalar parameter.
b) Show thatl; andl, are perpendicular.

c) Show further that; andl, intersect at some poifR and state the coordinates
of P.

The pointC(9,13,9 lies onl, and the poinD is the reflection ofC aboutl, .

d) Determine the coordinates &f.

[ 1.[n=a+1x +/( - 2+r)|,[P(3.10,2],[D(-3,7.2

Created by T. Madas



Created by T. Madas

Question 36  (***)
Relative to a fixed origirO, the pointA has position vectori + 4 and the poinB
has position vector 3j+ & . The straight linel; passes through the poinésandB.

a) Find a vector equation fal; .
The straight lineL, has a vector equation

r=3-3- &+ m+ p+1B),

where m is a scalar parameter.

b) Show thatl; and L, intersect at some poii@, and find its position vector.

c) Show further thal; and L, are perpendicular.

The pointD has position vectodi - k .

d) Verify that D lies onL,.
The pointE is the image ofD after reflection about; .

e) Find the position vector oE .

[ ], [r=7i+4 +/( 4 &k )|,|OC=5i+2 +X |, |OE=6i +4 + X
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Question 37 (***+)
Relative to a fixed origirD, the pointsA andC have respective coordinates

(7,23 and (3-21.
a) Find the vectoAC.

b) State the coordinates of the midpointAC .

The straight lind has vector equation

5 1
r=0+/ 1 ,
2 -4

where/ is a scalar parameter.

c) Show thatAC is perpendicular td.
The pointB lies onl, where/ =1.
d) Show further that the trianglBC is isosceles but not equilateral.

The pointD is such, so thatABCD is a rhombus.

e) Show that the area of this rhombud.&/2 square units.

[ ], |Ac=-4i- 4 x|,|(50,2
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Question 38 (***+)
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Relative to a fixed origirD, the pointsA and B have respective position vectors

3i-j+ X and-i+j+ XK.

a) Show thatOA and AB are perpendicular.

b) Find a vector equation of the straight linethat passes through andB.

The pointC lies onl, so that the areas of the triangt@aB and OBC are equal.

c) Determine the position vector o .

It

I-j+XK+/(-8+ P+ R)

OC=-5+ 3+ 1&
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Question 39 (***+)
Relative to a fixed origirO, the pointsA, B andC have respective position vectors

i+1k, 4i+3+k and 8i+7+%.
a) Show thatA, B andC are collinear, and find the ratidB: BC.
b) Find a vector equation for the straight lin¢éhat passes through, B andC.
c) Show thatOB is perpendicular td.

d) Calculate the area of the triandIBAC.

|[AB: BC=3:4], [r=i +1k +/( 4 & )|, area:%\/ 222 52.1)
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Question 40 (***+)
The pointsA and B have coordinatefl1,15,4 and(13,23,7), respectively.

a) Find a vector equation for the straight linéhat passes through andB.

The pointP lies onl, so thatOP is perpendicular td, whereO is the origin.

b) Show, without verification, that the coordinatesRfare (7,- 1; 2).

c) Calculate the area of the trianglBAB.

[ ] [r=11+15 +k +/(2+j8 +#3)|, |area=3 462> 32.2

~
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Question 41  (***+)
Relative to a fixed origirO, the position vectors of the poinss, B, Cand D are

3, 21+2+%k, 4di+k and 4i+j+4& , respectively.

a) Show thatAB and BD are perpendicular.
b) Find the exact value of the cosine of the ang&C.

c) Determine the exact value of the area of trian§C.

cog ABC)=

©loo

, larea= %\/T"

Question 42 (***+)
Relative to a fixed origirO, the pointsA, B and C have respective coordinates
(5,39, (2,2,0 and(3,4.- 9.

a) Find the exact value of the cosine of the argeC.

b) Show that the exact area of the triangiBC is g\/E

cof BAC)= 3—73\/T1
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Question 43 (***+)

The straight lind passes through the poir®{-5,9; 9 andQ(a b11), wherea
andb are scalar constants.

The vector equation df is given by

1 d
r=7 +/ -1,
c 2

wherec andd are scalar constants adis a scalar parameter.
a) Determine in any order the value of each the const, b, c andd.
The pointT with x coordinate4 lies onl.
b) Show clearly that ...
I. ...OT is perpendicular td, whereO is the origin.

i. ... PT:TQ=3:7.

la=25, |b=-1], [c=-5], [d=3]
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Question 44 (***+)

4a+kb

a- 10b
5a+b

The figure above shows a trapezitBCD where AD is parallel toBC.
The following information is given for this trapemnn.

BD=5a+b, DC=a-10b and AD=4a+kb,
wherek is an integer.

a) Find the value ok.

b) Find a simplified expression foAB in terms ofa andb.

k=-6|, |AB=-a- 7b
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Question 45  (***+)
The straight lined; and L, have respective vector equations

4 5 9 -5
rn=-3+t-1 and r,= 8 +s -5,
3 1 -2 2

wheret and s are scalar parameters.

a) Show thatly and L, intersect at some poirR, and find its coordinates.

b) Find the exact value of the cosine of the acutéeaggbetween L; and L,.
The pointA(9,- 4,4) lies onL, and the point8(4,3,0) lies onL,.

c) Find the distance oAP and the distance dP.

d) Show the area of the triangkPB is 9/14.

oo|§\

|AP| =643, ||[BP=3V6

P(-1; 2,2, |cosg =
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Question 46  (***+)
With respect to a fixed origi®, the straight lind has vector equation

a 0
r=b +/ 1
10 2

wherea andb are scalar constants adis a scalar parameter.

a) If | passes though the poiﬁt(7,3,6), find the value ofa and the value 0b.
The pointQ lies onl so thatOQ is perpendicular td.
b) Find the coordinates .

The pointT lies onl where/ =-7.

c) Find the ratioPQ: QT.

| 1.[a=7], [b=5],|Q(7.0,0|, [PQ: QT=3:2
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Question 47 (***+)

Relative to a fixed originO, the straight lined and m have respective vector
equations

6 1 4 2
rn=1+t 0 and r,= -3+s 2,
1 a 7 -5

wheret and s are scalar parameters, aads a constant.

| andm intersect at the poir®(8,1- 3.
a) Find the value ofa.

4

b) Show that the vectorl is perpendicular to bothandm.
2

c) Determine a vector equation of the straight Imesuch that all three straight
lines intersect, with th@ being perpendicular to bothand m.

a=-2|,[r=8+ -&+n(8+ +R)
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Question 48 (***+)
With respect to a fixed origi®, the straight lind has vector equation

24 1
r= 6 +/ 1
0 2

where/ is a scalar parameter.

a) If the pointD(4,a,b)lies onl, find the value ofa and the value ob.
The pointP lies onl where/ = p, and the poinC has coordinatefl8, 6,39 .
p+6
b) Show thatCP= p

2p- 36

c) Given further thalCP is perpendicular td, find the coordinates of .

la=-14], [b=-40, |P(35,17,23
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Question 49 (***+)
The straight lind has the following vector equation

r=-2-13 & /(+ B R),
where/ is a scalar parameter.
The pointP(a, b,3) lies onl .
a) Find the value of each of the scalar constanendb.

The pointO represents a fixed origin.

The pointQ lies onl, so thatOQ is perpendicular td.

b) Show that the coordinates & are(2,0,- J).

You may not verify this fact by using the coordesmbdfQ.

c) Find the exact area of the triandéQ.

| |, [a=4], [b=6|, |area=+/ 70
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Question 50 (***+)
The straight lineL has the vector equation

3 1
= -4+/ 4,
6 -2

where/ is a scalar parameter.

The straight lineM passes through the points with coordina#¢40, 6,6 and

B(a,b,3), wherea and b are scalar constants.

L andM intersect at the poirnE(6,8,0).

a) Find the coordinates dB.

b) Calculate the acute angle betwderand M .

P(8,7.3|,
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Question 51  (***+)
The straight lind, passes through the poiné{2,8,1) andB(2,4,3.

a) Find a vector equation fdy, in terms of a scalar parameter

The straight lind, has a vector equation

5 1
r=2+m b,
a -1

wherea andb are scalar constants, amdis a scalar parameter.

The pointC(2,-4,c), wherec is a scalar constant, is the point of intersection
betweenl; andl,.

b) Find the value of each of the scalar constantb and c.

c) Determine the raticAB: BC.

n=2+9 4« +/ (2 k)|, [a=4|, [b=2], [c=7|,[AB: BC=1:2
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Question 52 (***+)

The straight lined; and L, have vector equations

12 3 0 1
rn= 7 +/ -3 and r,= 1 +m 2,
1 -1 21 -3

where/ and m are scalar parameters.

a) Show thatl; and L, intersect at the poin, and find its coordinates .
b) Show further thal, and L, are perpendicular to each other.
The pointA(0,1,2]) lies onL, and the poinB lies onL, so that‘AP‘ :‘ PI51.

c) Find the distanceAB.

d) Hence state the shortest distancd?ofrom the line throughA and B.

6v7

P(6,13,3

|AB[ =127
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Question 53 (***+)

The straight lined; andl, have the following Cartesian equations

Z
4 -2

x-a_wl_ =z1
2 -5 -3

l5:

wherea is a scalar constant.

a) Show thatl; andl, intersect at for all values &f.

The intersection point of, andl, has coordinate¢b,b,b), whereb is a scalar
constant.

b) Find the value ofa and the value ob.

c) Calculate the acute angle formedIpyandl,.

| |, [a=6|, [b=4], [g» 7.6
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Question 54 (***+)

OAB is a triangle with the poinP being the midpoint 0OB and the poinQ being
the midpoint of AB.

The pointR is such so thaAR:% AP.

Let OA=a andOB=0h.

a) Find simplified expressions, in terms afandb, for each of the vectorsAB,
AP, AQ and AR.

b) By finding simplified expressions, in ternasandb, for two more suitable
vectors, show that the poin®, R andQ are collinear.

AB=Db-a|, |AP=

b-al, AQ=5b- sa|, |[AR=

1
2

N

Nl
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Question 55  (***+)

The pointsA(1,1,2), B(2,1,5, C(4,0,] andD form the parallelograrABCD,
where the above coordinates are measured relat&dixed origin.

a) Find the coordinates dD.
The pointsg, B and D are collinear, so thaB is the midpoint ofED.
b) Determine the coordinates &.
The pointF is such so thaABEF is also a parallelogram.
c) Find the coordinates df .
d) Show thatB is the midpoint ofFC.

e) Prove thatADBF is another parallelogram.

[ 1.|p(30- 2] |E(1219], [F(0,2,9
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Question 56 (***+)

The straight lined; andl, have the following vector equations

=2+ +& +/{ -R)
rp=i +md +fh +X ),
where/ and m are scalar parameters, aacand b are

l; andl, intersect at right angles at the pokit

a) Find the value ofa and the value ob.

b) Determine the coordinates .

scalar constants.

The straight lind; passes through the poi@(1,- 1; J).

¢) Find a vector equation fdg, given that all three lines intersect at the same

point.

a=1 b=4,|P(2,4,2

r=i-j-k+ n(+ 5+ B)
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Question 57  (***+)

The figure below shows the poin®, C, A, D, B and E, which are related as
follows.

O, B and E are collinear and®B: BE=1:2
O, C and A are collinear andC: CA=1:2
B, D and A are collinear andBD: DA=1:3

Let OA=a andOB=b.

a) Find simplified expressions, in terms@afandb, for each of the vectorsAB,
DB,CD and DE.

b) Show that the point€ ,D and E are collinear, and find the rati©oD: DE.

c) Show further thaBC is parallel toEA, and find the ratidBC: EA.

AB=b-a|, |DB=

1 -.1.,.3 -_.1,.9
b 4a, CD 12a+ 4b, DE 4a+ 4b

|CD: DE=1:3, |BC: EA=1:3

N
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Question 58 (***+)
With respect to a fixed origi®, the following points are given

A(2,2,5, B(12,7,0, C(0,0,) andD(9,k,4),
wherek is a scalar constant.

a) Find the vector equation of the straight lipethat passes through and B .
The straight lind, passes througl@ and D, and intersect at the pointP.

b) Determine in any order ...
I. ... the coordinates oP .

i. ...the value ofk.

iii. ... the acute angle betwegnandl,.

[ [, [r=2+3+& +/(2+ k )|, |P(6,4,3|, [k=6|, [40.2]
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Question 59  (****)

Two submarinesS, andS,, are travelling through the ocean.

They both appeared on the radar screen of a trgckation at the same time. The
distances are measured in hundreds of metres artdrét, in seconds, is measured
from the instant they were both observed on tharradreen of the tracking station.

The coordinates 0§, and S,, relative to a fixed origirD, are given by
S: ri=(2t- 4)i+ (t 19+ (# %
Syt rpy=10 +(-2t+ B + (2= Xk
a) Show that§ andS, are travelling in perpendicular directions to eatitrer.
Suppose tha§ and S, continue to travel according to the above vectpragions.

b) Show further thatS, and S,, will eventually collide at some poir®, and
further determine the coordinates Bt

c) Calculate, to the nearest metre, the distance ket8eandS,, when they
were first observed by the tracking station.

P(10,- 8,13/, |distance= 700 14 2619]
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Question 60  (***+)
The straight lind passes through the points with coordinates

A(-1; 4,89 and B(1-25.
a) Find a vector equation df.
The origin is denoted b®.
The pointP lies onl, so thatOP is perpendicular td.
b) Determine the coordinates &f.
The pointQ is the reflection 0O, aboutl .

c) State the coordinates .

r=-i- 4+ &+ /(2+ p- 8)].[P(3.0.2],[Q(6.0.9
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Question 61  (***+)

The pointsA and B have coordinatef4,- 7,5 and(- 2,8,17), respectively.

a) Find the equation of the straight lihewhich passes throughandB.

The pointC has coordinate§s,6,]) .

b) Find the shortest distance froghto |.

r=4-7+%+/(-2+ pt &)

, Ishortest distance 1
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Question 62  (***+)

Relative to a fixed origirO, the pointsA, B and C have respective coordinates
(-2,513, (1,1)and(3,5,5.

a) Determine the size of the anghBC.

The pointD has coordinatef9,- 8,6).

b) Show thatBD is perpendicular to botAB and BC.

c) Find the distancd3D.

d) Calculate the volume of the right triangular prigith base the trianglé&BC
and heightBD.

42.0], ||BD|=+/170

, 1340 cubic unit
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Question 63  (***+)
The points with coordinates(3,0,3 and B(4,- 1,5 are given.

a) Find a vector equation of the straight lihethat passes through and B.

The straight lind, has equation
r=5+1Q +& +m{ +B k ),

where m is a scalar parameter.

b) Show thatl; andl, are perpendicular.

c) Show further that; andl, intersect at some poirR and find its coordinates.
The pointE is on thel; .
A circle with centre aE is drawn so that it cuts, at the point<C andD.

d) Given that the coordinates &f are(0,- 5; 1), find the coordinates ob .

[ I |n=3+x+/(-+r),|P(21)

D(4,7,3
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Question 64  (****)

E(25,0,9 c(2.14.4

The figure above shows a solid, modelling a houitle avstandard slanted roof, where
all the distances are measured in metres. Witheotsp a fixed origin, the
coordinates of some of the vertices of the soledraarked in the diagram.

a) Find a vector equation cAE.
b) Show thatAE is perpendicular tAAC.
c) Find the cosine of the anghBC.
The straight lineBD is parallel toAE. The length ofBD is 10 metres.

d) Determine the coordinates &f.

[ [.[r=10+29 +B +/(i8- 4)|, lcos( ABC)=4|, |D(15,5.13

Created by T. Madas



Created by T. Madas

Question 65  (****)
Relative to a fixed origirO the following position vectors are given.

0 1
OA= 8 and OB= 13 .
3 1

a) Find a vector equation for the line straightwhich passes throughA andB.

The straight lind, has vector equation

7 2
r=0+m-3,
9 1

where m is a scalar parameter.
b) Show thatl; andl, do not intersect.

¢) Find the position vector of , given it lies onl, and ABC=90°.

[ 1 fr=g+% +/{ +5 -R)|,[Cc(-3,15.9
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Question 66 (****)

The straight linely passes through the poingsand B, whose respective position
vectors relative to a fixed origi@® are

1 2
2 and 1
5 6

a) Find a vector equation fa .

3
The angleABC is denoted by, whereC is the point with position vectorO .
1

b) Show clearly thatosg =

Wl

The straight linel, passes througl® and is parallel td;.
The pointsP andQ both lie onL, so tha AB =|CH =| CQ.

c) Determine the position vector &f and the position vector @, given that
P is furthest away fron©O.

d) Show further that the area of the quadrilatex8PQ is 2.

rn=i+3 +& +/( § « )|,|OP=4i-j+ X |, |0Q=2i +]
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Question 67  (****)
The pointsA and B have position vector8i + 3 + % and 9+ 4 +k , respectively.

a) Find a vector equation of the straight lihethat passes through and B.
The straight lind, has the vector equation
rn=6+3-&+mM+ k),
where m is a scalar parameter.

b) Show thatl; andl, intersect and find the position vector of theinrpoof
intersection.

¢) Find the acute angle betwegnandl,.
The pointC lies onl, in such a position so that is closestAo

d) Show that the position vector & is given by

c=4i+j- X .

n=9+3 +& +/( -k ), |9 +6- k|, |45.6
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Question 68  (****)
With respect to a fixed origi®, the points with coordinate&(2,3,5, B(6,- 1,5,
C(9,2,2 andD(5,6,2 are given.

Prove thatABCD is a rectangle and show that its arehdd 6 square units.
The diagonals of the rectangle intersect at thetpbi

a) Find the coordinates dE.

b) Find the size of the angIBEA.

c) State the exact area of the trian@EA.

E(11

3 —;) [ BEA=94.9], lared BEA)= 3/ 6

nNolon
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Question 69  (****)
Let OA=a, OB=b, OC=2a andOD=2a+b.

If OE :é OD prove that the poinE lies on the straight liné\B.

proof
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Question 70 (****)
The point A has position vector 5j+ K .

a) Find a vector equation of the straight lihghat passes throughA and is
parallel to the vector+ j3k .

The pointP lies onl so thatOP is perpendicular td, whereO is the origin.
b) Determine the coordinates .
c) Show that the pointB(5,10,2 lies onl.

The pointC is onl so thatOB =|0d.

d) Find the coordinates of .

r=-5+%+/(+3-k ), |P(219], |C(-1 889
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Question 71 (****)

Relative to a fixed origirD, the straight line$; andl, have vector equations

2 3 b 7
rn=a+/ -2 and r,= 2 +m-4,
2 -2 14 6

where/ and m are scalar parameters, aacandb are constants.

l; andl, intersect at the poin, whosez coordinate iS8.
a) Find the coordinates of the poirR .
b) Show that the value of both andb, is zero.

The point A, whosez coordinate is zero, lies dp.

The pointC lies onl,, so thatAC is perpendicular td, .

c) Determine the coordinates Gf.

P(-7.6,9

C(21- 10,33
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Question 72 (****)

The straight lind passes through the poingés and C whose respective coordinates
are(-2,7,9 and(8,- 3; J).

a) Find a vector equation fdr.

The pointE(2, p,q) lies onl and the poinB has coordinate§- 4,1,1) .

b) Determine the value op and the value of.

c) Show thatBE is perpendicular td.
The pointD is such, so thaABCD is a kite with  ABC= ADC.
Determine ...

d) ... the coordinates oD .

e) ... the area of the kitéABCD.

[ 1 r=-2+3+&+/(-j-k )|,[p=3 andq=§, [D(8,5,9)|, |20/42
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Question 73 (****)
The straight lind passes through the points with coordinds 1,1 and (- 1,4,6).

a) Determine a vector equation bf
The pointsC and D have coordinatef4,- 2; 3 and(p,q,- 1), respectively.
The midpoint ofCD is the pointM , whereM lies onl.
Find in any order ...

b) ... the coordinates oM .

c) ... the value ofp and the value of.

d) ... the size of the acute angie betweenCD and| .

[ fr=di-j+k +/(i+j+ )|, [M(7,-4; 2

~N——

,|p=10,9=-§,[g»51.9
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Question 74  (****)
Relative to a fixed origirD, the straight lined and M have vector equations

4 -1 0 2
rn=10 +/ 1 and r,= 14 +m -2,
1 -2 -7 4

where/ and m are scalar parameters.

a) Show thatL and M represent the same straight line and find a linear
relationship betweert and /m, giving the answer in the fornh = f Qn)

The pointsA, B andC lieonL, where / =3, / =5 and/ =8 respectively.

b) State the raticAB: BC.

| |,|/7=4-2m|,[AB: BC=2:3
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Question 75  (****)

Relative to a fixed origirD, the pointsA and B have respective position vectors

a=2i+4j+& and b=4i+4- & .

a) Find the position vector of the poifit, given thatc=a+b.

b) Show thatOACB is a rectangle, and calculate its area.

The diagonals of the rectang@ACB, OC and AB, meet at the poinD .

c) State the position vector @ .

d) Calculate the size of the angBDC.

lc=6i+8 +X|,

area= 8/ 4]

) [d=3i +4j +k |, [94.2
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Question 76 (****)
With respect to a fixed origi®, the pointsA and B have coordinatef5,- 1; 1) and
(1- 5,7), respectively.

a) Find a vector equation of the straight lihevhich passes througA and B .
The pointC has coordinatef4,- 2,1).

b) Show thatC lies onl.

c) Show further thaODC is perpendicular td.

The pointD lie onl so that‘CD‘ = 2‘C4.

d) Find thetwo possible sets for the coordinatesf

[ 1.|r=5-j-k+ /(+j- )], |D(2-4,9 orD(6,0,
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Question 77  (****)

OABC is a rectangle, withA(2,2,0, B(3,a,b), wherea and b are positive
constants an@® is a fixed origin.

a) Given that the area ®ABC is 12 square units determine the valueaofind
the value ofb.

b) Find a vector equation of the straight lin¢hat passes through andC.

la=1],[b=4|,[r=2+3 +/(i- B+ k)
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Question 78  (****)
With respect to a fixed origi®, the pointsA and B have coordinatefl,5,4) and
(3,4,9), respectively.

a) Find a vector equation of the straight linéhat passes through and B .

The pointC lie onl so thatAC :% CB.

b) Determine the coordinates Gf.

c) Calculate the size of the ang®AC.

r=i+§ +& +/(24 « )| |c(

o=
SN
uilto
N —
(o]
w
g
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Question 79  (****)
Relative to a fixed origirO, the pointsA and B have position vector8i +5 + 'k
and8i + 6 + & , respectively.

a) Find a vector equation of the straight lirewvhich passes throughA andB.
The straight lind, has the vector equation

p=8+5-R+m 4 k),

where m is a scalar parameter.

b) Show thatl; andl, intersect and find the position vector of theirinpoof
intersection.

c) Calculate the acute angle betwderand|,.
The pointC lies onl, so thatC is as close as possible #o.

d) Find the position vector of .

n=8+5+% +/( -K ), [8+8- K|, |45.6], |OC=3i +3

Created by T. Madas



Created by T. Madas

Question 80  (****)
Relative to a fixed origirD, the position vectors of three poindg B andC are

OA=i-2%, AB=2i+1+X and BC=6i-173.
a) Show thatAC is perpendicular tAB.

b) Show further that the area of the triangi8C is 18V6.

c) Hence, or otherwise, determine the shortest distaficA from the straight
line throughB andC.

]

distance= %\/_3 )
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Question 81  (****)

The straight lind, passes through the poing{6,2,0 and B(5,0,5.
a) Find a vector equation df.

The straight lind, has vector equation

7 -5
I’2: 6 +m O,
4 2

where m is a scalar parameter.
b) Show thatl; andl, intersect at some poii@, and find its coordinates.
The pointD lies onl, so thatDBC =90°.

c) Determine the coordinates @f.

[ I, [r=a+3 +/(-5+R)[,|C(86- 10|, [D(-22,6,2
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Question 82  (****)

The straight lined; and L, have vector equations

2 1 a 4
r,=10+/ 1 and r,= 8 +mb ,
14 2 4 1

where/ and m are scalar parameters, aacand b are scalar constants.

L, andL, intersect at the poin® whosez coordinate is6, and the acute angle
betweenl; andL,, isg.

a) Determine the coordinates &f.

b) Find the value ofa and the value ob.
c) Show thatcosq=1%x/_3.
The pointQ lies onl,; where/ =1.

The pointT lies onL, so thatQT is perpendicular td., .

d) Determine the exact distan&¥T .

[ 1.|P(-2,6,6|, [a=-10, b=-

_25
|PT|=22+2
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Question 83  (****)
The pointsA and B have coordinateg3,- 1,2 and(2,0,2), respectively.

a) Find a vector equation of the straight lihethat passes through and B.
The straight lind, has equation
r=2+ & +m k),
where m is a scalar parameter.
b) Show thatl; andl, intersect at some poir and find its coordinates.
c) Verify that the pointC(9,1- 6) lies onl,.
The pointD lies onl; so thatCD is perpendicular td .

d) Determine the coordinates &f.
e) Calculate the area of the triangkDC.

f) Deduce the acute angle betwderand|,.

n=2+x +/(4+)[,[P(LL2], |D(5.- 32|, larea= 16 &
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Question 84  (****)
Relative to a fixed origirD, the pointsA and B have respective position vectors

2i+1G+X and 2i+j+X .

The angleAOB is g.

6

a) Show thatsinq:?.

b) Calculate the exact area of the trian@©B.

c) Show further that the shortest distance of ...
i. ... A from the straight lin€OB is 62,

ii. ... the straight lineAB from O is 22.

, larea= 9/ 2

Created by T. Madas



Created by T. Madas

Question 85  (****)

The straight lined; andl, have the following vector equations
n=2a++& +/( «)
=2+ +& +m{ +# k)
where/ and m are scalar parameters.

The pointA is the intersection of; andl,.
The pointB(b,1,- 1), whereb is a scalar constant, lies ¢n

The pointD(4,d,3), whered is a scalar constant, lies s

a) Find the value ob and the value ofl .

b) Calculate the cosine @f, wheregq is the acute angle formed lhyand|,.

The pointC is such so thaABCD is a parallelogram.

c) Determine the coordinates Gf.

d) Show that the area of the parallelogré&BCD is 48V2 square units.

,|C(10,9; 3

Wl

, Ib=8, d=9, |cosg =
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Question 86  (****)

The straight linel; passes through the poim(S,- 2,]) and is parallel to the vector
2
0.
1

a) Find a vector equation fdr;, in terms of a scalar parameter

The straight lineL, has a vector equation

0 -1
r=4+m 2,
3 1

where m is scalar parameter.

b) Show that the lines intersect at some pdtntand find its coordinates .
The pointB lies onL, where m=-2.
The pointC lies on a straight line which is parallel k9 and passes througs.

The pointsA, B, C andP are vertices of a parallelogram.

c) Show that one of the possible positions @iis the originO and find the
coordinates of the other possible position@r

[ 1. |r=5-3+k+/(2+ )|, |P(3-20],|Cc(4,0,2
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Question 87  (****)
The straight lineL has vector equation

r=i-2+%+/(4 k),
where/ is a scalar parameter.

The point A has position vector+j -k .

The pointP lies onL so thatAP is perpendicular td. .
a) Find the position vector oP .
The pointB is the reflection ofA aboutL .

b) Determine the position vector oB.

[ ] |oP=4i+j+X|, |OB=7i +] +k
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Question 88  (****)

All the position vectors and coordinates in thiesfion are measured from a fixed
origin O.

The pointP lies on the straight line with vector equation
r=i-%+/(2+3+58),
where/ is a scalar parameter.

The pointQ has position vecto8i + 9 + & .

a) Determine, in terms of , an expression for the vect@QP.

2
b) By considerianP‘ , find the value of/ which makes*QP‘ minimum.

c) Hence, or otherwise, find the shortest of distaofc® from I.

1, |op=(2/ - 2)i+ (3 - 9+ (15- | [/ =2, |14
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Question 89  (****)
The pointsA(- 1,4), B(2,3) andC(8,1) lie on thex-y plane, whereD is the origin.

a) Show thatA, B andC are collinear.

The pointD lies onBC so thatBD: BC=2:3.

b) Find the coordinates dD .

The straight lineOB is extended to the poiR, so thatAP is parallel t®OC.

c) Determine the coordinates &X.

.o PR3
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Question 90  (****)
Relative to a fixed origirO, the pointsA, B andC have respective position vectors

-6i- 5 2k, 8+9 and ui- Pr Kk,
whereu andv are scalar constants.
A, B andC lie on the straight liné.
a) Find a vector equation df.
b) Determine the value ai and the value o¥.
c) Calculate the distancaB.
The pointD lies on | so thatOD is perpendicular td.

d) Determine the position vector @ .

e) Calculate, correct to three significant figureg #nea of the triangl®AB.

[ lr=a+9+/(2+p+B)|, [u=-4,[v=-18, |AB =717
d=4i+5 - & |, |area» 12
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Question 91  (****)
The position vectors and coordinates in this queséire relative to a fixed origi®.

The straight lined,, |, andl; have the following vector equations
rn=10+6 +8 +/(B+ +4)
p=-4+18+nf + - B)
rg=-3- &+ n(4+ B+k ),

where/ , mandn are scalar parameters.
a) Show thatl; andl, intersect at some poi, and find its coordinates.
b) Verify that B(5,6,- 2 lies on bothl, and|;.
The pointC is the intersection of andl;.
c) Find the coordinates ot .
d) Show thaiCA =|CH.

e) Hence calculate the shortest distanc€ofrom |,.

A(4.4], [c(1.3- 3], |distance= 31 1¢
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Question 92 (****)

The position vectors and coordinates in this queséire relative to a fixed origi®.

The straight lined; andl, have the following vector equations

n=3+3 &« +/(# + +H3)

=9 +nmi-3+&)

where/ and i are scalar parameters, aads a scalar constant.

The pointA is the intersection betwedpandl,, and the acute angle between them

is denoted byg.

a) Find in any order ...
I. ... the value ofa.
ii. ... the coordinates oA.

iii. ...the value ofg.
The pointB has coordinatef5,13,1}.
The pointP lies onl; so that the anglaPB is 90°.

b) Calculate the distancBP.

a=-2], |A(7,6,9

lg=542],

IBA=+/61
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Question 93 (****)
The position vectors and coordinates in this queséire relative to a fixed origi®.

The pointsA and B have respective position vectors
2i+3 and 6i- 2+ &.

a) Find a vector equation of the straight lirethat passes through and B .

The straight lind, has vector equation
r=5-3+&+m-p+rR),

where m is a scalar parameter.

b) Show thatl; andl, intersect at the poinA.

c) Find the exact value afosg , wheregq is the acute angle betwegnand|,.
The pointC with position vector3i +j + X lies onl,.

d) Show that the shortest distance fr@nto |; is exactly one unit.

r=2+3+/(4-5+B)|,|cosg=22
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Question 94  (****)

The position vectors and coordinates in this queséire relative to a fixed origi®.

The straight lind has vector equation

10 1
r=7 +/ 2,
7 2

where/ is a scalar parameter.

The pointP(14,15,15 lies onl and the pointA has coordinatef5,1,2).

a) Calculate the size of the acute angle tA& makes withl .
The pointB lies onl so thatABP=90°.

b) Determine the coordinates &.
The pointC is such so thal is the angle bisector cAPC.

c) Find a set of the possible coordinatesCaf

lg»6.17, |B(7,1)

C(9,1,0
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Question 95  (****)
The position vectors and coordinates in this queséire relative to a fixed origi®.

The pointsA, B andC have coordinate0,0,8, (2,6,4) and(8,8,0), respectively.
The pointD is such so thaABCD is a parallelogram.
The angleABC is g.
a) Determine the coordinates &f.
b) Use the scalar product to find an exact valuecfusg and hence show
sing = %\/ES

c) Explain, with reference to the calculations of pgJ}, why AC must be
perpendicular taBD.

d) Show that the area of the parallelograrﬂlﬁs@.

[ 1.|p(6,2,4)|, |cosg=-

~on
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Question 96  (****)
The position vectors and coordinates in this queséire relative to a fixed origi®.

The straight lined; andl, have the following vector equations
n=5+3 +& +/ (24 +R)

p=-i+§+& +m - 2- R),

where/ and m are scalar parameters, aads a scalar constant.
The pointA lies on bothl; andl,.

a) Find the value ofa and the coordinates d&.
The pointP(11,p,19, where p is a scalar constant, lies on
The pointQ(gq,- 9; 8), whereq is a scalar constant, lies bn

b) Find the value ofp and the value of.

c) Determine the coordinates of the midpointRD .

d) Show thaf AP =|AQ.

e) Hence, or otherwise, find a vector equation ofahgle bisector of PAQ.

[ 1.[a=6l,[A(119)], [p=6,a=§, M(Lf- 3.2)|, [r=i +i +x +t(8 1)
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Question 97  (****)

The points with coordinateA(4,0,- 4 andB(5,- 1; 6) lie on the lineL, where the
point O is a fixed origin.

a) Find a vector equation of the lire.
b) Find the distance between the poiAtsand B .

The pointD lies on the lineL, so thatOD is perpendicular td. .

c) Find the coordinates of the poibt, and hence show tthD‘ =8

The pointC is such so thaDABC is parallelogram.

d) Find the exact area of the parallelogr@ABC.

r=4-&+/(i+j+ R )|, |AB=V6|,|D(2,2,0|, |area= 4/ 3
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Question 98  (****)
The linesl, passes through the poim(2,2,- 2) and has direction vectortj + X .

a) Find a vector equation fdy.
The linel, has the vector equation
r,=7+ - X +/7(2-j-k )
where m is a scalar parameter.

The lines intersect at the poiBt and the acute angle between the two lingg.is

b) Find the coordinates dB .
1
c) Show thatcosq:g.
The pointP(15,- 3; § lies onl, and the poinQ lies onl, so that PQB=90°.
d) Find ‘BP‘ and show tha.tBQ{ =6.

e) Show thaq PQ{ =./210.

f) Verify that the pointQ is in fact the same the point &s

n=2+3-&+/(+ +k)[B(330] |BP=+216=6/6
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Question 99  (****)
With respect to a fixed origin, the poings, B andC have coordinate§- 2; 4,6),
(-16,1,4and (4,8, 6), respectively.

a) Find a vector equation for the lirg, through the pointsA and B.

b) Find a vector equation for the lirg, that passes through the po@itand is
parallel to the vectopi + g - & , where p andq are scalar constants.

The line L, passes through the axis, and is perpendicular tg.
c) Find the values o andq.

d) Verify that L and L, lines intersect at the poir.

n=-2- 4+ &+ /(10 5 R),[,=4+8-&+/(p+q- 1)
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Question 100  (****)
The straight lined. and M have the following vector equations

L:ry=(3/ +3)i +(4- 4 )j +/2k
M:r,=(3m+12)i +(20- 4nfi+(2m %k ,
where/ and m are scalar parameters.
a) Show thatL andM are parallel.
b) Show further thatA(6,0,2) lies onlL.
The pointB lies onM so thatAB is perpendicular tov .

c) Find the coordinates dB.

d) Hence determine the shortest distance betweamd M .

B(18,12,9), |distance=_18 unit
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Question 101  (****)

The straight lined; andl, have the following vector equations
n=-2-j R+ /{+])
rp,=8-5+28+m-j+ 1)

where/ and m are scalar parameters.

a) Givenl; andl, intersect at the poin®, find the coordinates o .
b) Showl; andl, are perpendicular.
The pointsA(-8,a; 2) andC(c,11- 2 lie onl;.

c) Find the value of each of the constaatendc, and show further tha® is
the midpoint of AC.

The quadrilateraABCDis a square.

d) Determine the coordinates of the poisand D .

P(12- 2|, [a=-7|, [c=10, |B(4,- 1,10 &D( 2,5, 14 in any ord¢
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Question 102 (****)

Relative to a fixed origin, the point8 and Q have position vector9j- X and
7i- §+ 1k , respectively.

a) Determine the distance between the poltandQ.
b) Find the position vector of the poiM , whereM is the midpoint ofPQ.

The pointsP and Q are vertices of a cube, so thAQ is one of the longest
diagonals of the cube.

c) Show that the length of one of the sides of theedah3 units.

d) Show that the origirD lies inside the cube.

[ ] |PQ=+507],|oM =

NN
+

ok
+

o
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Question 103  (****)
The pointsA(7,a,5) and B(b,1,12) lie on the straight lind, with vector equation

r=19- 3- R+ /(Bj- I<7),
where/ is a scalar parameter.

a) Find the value ofa and the value ob.

The pointC has coordinate- 3,19,1Q and M is the midpoint ofBC.

b) Determine the coordinates M .
The pointD is such so thaABMD is a parallelogram.
c) Find the coordinates d .

d) Show thajAB =|BM|.

e) Find the exact area of the parallelograBMD.

a=0, b=1, |A(-1,10,13|, |D(5,9,4)|, |area= 66 2
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Question 104  (****)
The straight linel; passes through the poing{1,- 2,5 andB(4,- 3,3.

a) Find a vector equation fal; .

The straight linel, has a vector equation

8 1
r=p +m 4 ,
q -1

where i is a scalar parameter, appdand q are scalar constants.
b) Given thatl,; and L, intersect aB, find the value ofp and the value of.
¢) Find the cosine of the acute angle betweenL; and L,.

The pointC is on L,, so thatAC is perpendicular td.,.

d) Show that the length oAC is ‘5602'

r=i-2+%+/(B-j- ), [p=13 q=-1, cosq=4i2ﬁ

Created by T. Madas



Created by T. Madas

Question 105 (****)

With respect to a fixed origi®, the variable pointA and B have the following
position vectors

t-1 2t2- 12+ 18
OA= 2 - 6t+ 14 and OB= 3-t ,
28- 2%+ 9% t° 1

wheret is a scalar parameter.
a) Calculate the angl&OB whent =5

b) Find the values of for which the angl&OB is a right angle.

9864, [t=4 or t=13
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Question 106  (****)
The pointsA and B have coordinatef7,13,14 and(15,19,19, respectively.

a) Find a vector equation of the straight lirewhich passes througA andB.
The linel, has vector equation
r=5-g- &+ 7f B B 13),
where 7i is a scalar parameter.
b) Show thatl; andl, do not intersect.

c) Find a vector with integer components in their despproportions, which is
perpendicular to both lines.

[you may not use the cross product for this part

r=7+13 +1k +/(B+j6 k )|, |i- 2j+ &
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Question 107  (****)

The straight lined; and |, have respective vector equations
n=5+3« +/(+ k) and r,=-3+4+8& +m(R-j- B),
where/ and i are scalar parameters.
a) Show thatl; and I, intersect at some poiR, further finding its coordinates.
b) Calculate the acute angle betwderand |,.

The pointA(7,5,3 lies onl; and the poinB lies onl,, such that the straight line
AB is perpendicular td, .

c) Determine the area of the triangi8P.

L [ |P(31- 3|, [72.0

areg ABC) =838 7.0f
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Question 108 (****)
The straight lineL passes through the poirB{1,4,0 and D(2,2,6).

a) Find a vector equation df .

The pointA(1,0, p), where p is a scalar constant, is such so th&AD =90°.
b) Find the possible values qf.

The rectangleABCD has an area a2y 2 square units.

¢) Find the coordinates ot .

L i r=i+4+/(-2+8)

C(2,6,2

o)
I
N
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Question 109  (****)

The straight lined; andl, have the following vector equations
n=12+7+B +/(2+ k)
rp=i +3 +m38 k ),

where/ and i are scalar parameters.

a) Show thatl; andl, intersect at some poir, further finding its coordinates.
b) Calculate the acute angle betwderandl,.

The pointB(16,9,9 lies onl; and the pointD lies onl,.
c) If BD is perpendicular td, find the coordinates ob .

d) Find the coordinates of a poifit so that the triangl&BC is isosceles.

| 1, |A(4,3- )|, [49.8], |D(13,3; 4|, [C(22,3; )
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Question 110 (****)
The vectorsp andq are defined as

p=a+2b and qg=5a- 4b
wherea andb are unit vectors.

Given thatp andq are perpendicular, determine the acute angle leetaeandb .

| |, lg=60°]
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Question 111  (****)

The straight lined; andl, have the following Cartesian equations

X-8_wl =z 2
1 -1 1

l;:

x-3_y 4 z1
-1 1 1

P
a) Show thatl; andl, intersect at some poiri?, and find its coordinates.
b) Find the exact value afosg, wheregq is the acute angle formed lhyandl,.

The pointA(6,1,0 lies onl; and the point8(4,3,0 lies onl,.

c) By considering AP and|BP| show further that the angle bisector cAPB
is parallel to the vectok .

[ 1. [P(52- 1), |cosg

Wl
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Question 112 (****+)
The figure below shows a triang@AQ.

The pointP lies onOA so thatOP: OA=3:5.
The pointB lies onOQ so thatOB: BQ=1:2.

Let OA=a andOB=D.

a) GiventhatAR= hAB, whereh is a scalar parameter with< h <1, show
that

OR=(1- ha+ tb.

b) Given further thatPR= kPC, wherek is a scalar parameter with<k <1,
find a similar expression foDR in terms ofk, a, b.

c) Determine ...

i. ...the value ofk and the value oh.

ii. ...the ratio ofPR: PQ.

PR: PQ=1:6

[ 1.|or=2(1- Ka+ |, |k

"
ol
>
I
N
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Question 113 (****+)
The pointsA and B have coordinatef4,0,2) and(7,0,- 1), respectively.

a) Find the vectorAB.
The straight lind has vector equation
r=-3- 4+k+ /(7+ p+k ),
where/ is a scalar parameter.

b) Show thatA lies onl .

c) Calculate the acute angle betwe&B and| .
The pointC lies onl so thatABCD is a rectangle.

d) Find the coordinates dD.

AB=3i- X|, |[g»58.5], |D(8,4,6)
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Question 114  (****+)

The straight lined; andl, have the following vector equations
n=3+k +/(2-j+R)
=2A+%& +mf -j+R),
where/ and i are scalar parameters.
a) Show thatl; andl, intersect at some poirR and find its position vector.
The pointsA andC lie onl; and the pointd8 andD lie onl,.

The point A has position vectodi +j + XK .

The quadrilateralABCD is a parallelogram with an area®™ square units.
b) State the position vector of the poiat

c) Show that the distance of the poBtfrom |; is 3 units.

p=-2i+ 4-k|, [c=-8i+ 7j- &
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Question 115 (****+)
With respect to a fixed origi©, the pointsA and B have respective position
vectors
i+13+% and 11- 4+ & .
a) Find a vector equation for the straight lihewhich passes througA andB.
The pointC is the point orl closest to the origi®D.
b) Determine the position vector & .

The pointD is the reflection ofO aboutl .

c) State the position vector @ .

d) Show that the area of the ki@ADB is 25V 42 square units.

r=i+13 +8 +/(R-Bk )|,|0OC=5i+5 +% |, (OD=10 +10 + 1R
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Question 116 (****+)
Relative to a fixed origirD, the pointsA(3t- 19,2- 14,28 t), B(t+1t- 2,%) and

C(2t- 11,10 t, & A} represent the coordinates of the paths of thedigopters,
wheret represents the time in minutes after a certaitains

All distances are in kilometres with the coordisatxesOx, Oy, Oz oriented due
east, due north and vertically upwards, respedgtivel

a) Show that all three helicopters pass through atp@imnd find its coordinates.

b) Explain why only two of the helicopters will colkdat the pointP if they
maintain their courses as described in this problem

c) Show that the paths ok and B are perpendicular.

P(5,2,20
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Question 117  (****+)

The straight linesl; and |, , where/ and m are scalar parameters, have the
following vector equations

rn=(/+2)i +(2 +6)j +(+ - Xk

r,=(2m- 4)i+ (4 i+ (3 K.
l; andl, intersect at the poinf and the acute angle betwelgrandl, is g.
a) Find in any order...

i. ...the coordinates oA.

ii. ...the exact value ofosg .

The pointB lies onl; and the poinC lies onl,. The triangleABC is isosceles with

|AB|=| A =6V6.
b) Find the two possible sets of coordinates for thiags B andC.
c) Show that eithefBC| = 6v/14 or |BC| =610

In the triangle ABC the angleBAC is acute.

a) In the triangleABC , determine the two possible pairings for the dowtes
of the pointB and the corresponding coordinates of the pGint

A(0,2,]), [cosy=3|, [Bi(-67 10,7 or B,( 6,14, }

Ci(-12,8,) or C,(12 4, §,|B,& C, or B, & G,
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Question 118  (****+)

Relative to a fixed origirD, the pointsA, B, C and D have coordinateé7,6,2),
(12,109, (L- 4; 8 and(11,4- 2, respectively.

a) Find the vector equation of the straight lipewhich passes through the point

A and B and the vector equation of the straight llgavhich passes through
the pointC andD.

b) Explain whyl; andl, do not intersect.

The pointP lieson |,.

2
c) Find an expression quP‘ , in terms of .

d) Calculate the distance betwegnandl,.

n=7+§ +& +/(b+j +3)

ro=i-4- &+ m{b+ p+ 1B)

\PAf =50n% - 200/ 236

6 unit

J
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Question 119 (****+)

Relative to a fixed origirO, the pointsA, B and C have coordinate$2,3,5),
(11,3 and(4,3,1), respectively.

The line segmenCB is extended to the poirR.

It is further given thaf lies on the line segme@A so thaOP|:|PA = 1: k.

Determine the value df .
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Question 120 (****+)
The straight linel; passes through the points with coordinam@ 2,3,4) and
B(8,-1,14.

a) Find a vector equation fdy .
The straight lind, has vector equation
r=i+§-%+m - p+ K ),
where /7 is a scalar parameter.
The pointC lies onl, so thatAC is perpendicular tdC.

b) Show that one possible position for the pdinthas coordinate(52,3, 2) and
find the other.

c) Assuming further thaC has coordinateéZ,S, 2) , show that the area of the

triangle ABC is 145 square units.

n=2-3+&+/(b- p+16), |(4-119
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Question 121 (****+)

The straight lined; andl, have the following vector equations
rn=13- 5+ 8 +/(6- 2+ K3)
rp,=-5- 4+ &+ nm(p+j- R),
where/ and i are scalar parameters.
a) Show thatl; andl, intersect at some poi@ and find its coordinates.
b) Find the cosine of the acute angle betwgeand|,.
The pointA lies onl; where/ =-1 and the poinB lies onl, wherem=4.

c) Determine a vector equation of the angle bisedtor ACB .

. |C(L- 19|, |cosg =24, [r =i -+ X +1(32+ - I6 )
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Question 122  (****+)

The straight lined; andl, have the following vector equations
n=9+7 +1& +/ (4 +j3 +&6)
rp,=-23+5- &+ n(B @ &),

where/ and i are scalar parameters aads a scalar constant.

The pointA is the intersection of, andl,.

b) Find in any order ...
I. ... the value ofa.
ii. ... the coordinates oA.
The acute angle betweénandl, is g.
c) Show thatg =60°.

The pointB lies onl; and the poinC lies onl,.

The triangle ABC is equilateral with sides of IengﬂfS\/_Z.

d) Find thetwo possible pairings for the coordinates®fand C.

L1 la=5,[A[L1]
B(13,10,1§ &C(10; 11,1p oB( 11-8, )4 & 8,13, )
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Question 123 (****+)

The pointsA(3,2,14), B(0,1,13 andC(5,6,8 are defined with respect to a fixed
origin O.

a) Show that the cosine of the angdBC is 3

NEe

The straight lineL passes througlA and it is parallel to the vect@C.
b) Find a vector equation df .

The pointD lies onL so thatABCD is a parallelogram.
c) Find the coordinates db .

d) Ifinstead ABCD is an isosceles trapezium and the pdnstill lies onL,
determine the new coordinates Df.

[ | |r=a+3+1& +/( 1 k )|,|D(8,7.9],|D(6,513
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Question 124 (****+)
With respect to a fixed origi@, the pointA and the pointB have position vectors
i- 7]+ X and-9j+ & , respectively.

a) Find a vector equation of the straight lihevhich passes throughA andB.

A variable vector is defined as
p:(p+6)i +(2p+3)j - K,
where p is a scalar parameter.
b) Show that for all values op, the pointP with position vectomp, lies onl.
c) Determine the value op for which OP is perpendicular td.

d) Hence, or otherwise, find the shortest distanck wbm the originO.

Jr=i-7+%+/(+pk)[,[p=-2], |shortest distancey 2
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Question 125 (****+)

The points with coordinates(7,6,10 , B(6,5,6) andC(1,0,4) are the vertices of
the parallelogramABCD.

a) Find ...
i. ...the coordinates ob .

ii. ... avector equation of the straight lihevhich passes through the
points A andC.

ii. ...the distanceAC.

b) Show that the shortest distancel drom B is J6 units.

c) Hence find the exact area of the parallelograBCD.

[ 1.[p(219] |[r=7+g +18 +/( + ¥k )|, ||AC|=6V3], |28/2
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Question 126 (****+)

The straight lined; andl, have the following vector equations
n=i-5+/(4-k)
r,=4-3+k + m(B- P+ R )
where/ and i are scalar parameters.
a) Given thatl; andl, intersect at some poii@, find the position vector of).

b) Given further that the poir® lies onl; and has position vector g - X ,
find the value ofp.

The pointT lies onl, so that‘PQ( :‘QT‘ :

c) Determine the two possible position vectorsTar

L, |a=i-j-k|,[p=7],[t=-5+3- & o= i 5 k3
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Question 127  (****+)
The pointP has position vecto®i + 2 + 2k .

a) Find the vector equation of the straight lingvhich passes througR and is
parallel to the vector- j+ XK .

The pointsA and B have coordinateé- 1,2,3 and(2,5,3), respectively.

The pointC lies onl so that the triangléBC is equilateral.

b) Find the two possible position vectors 1Or.

[ I [r=a+3+2 +/(§+k)] [c=-i+5+& or c=- Lir 59+ 1%
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Question 128  (****+)
The quadrilateralABCD is a rectangle with the verteX having coordinateéz,l, 2)

The diagonals of the rectangle intersect at thatpeith coordinates{7,0,4).

a) Find the coordinates of the poi@t.
The pointsB and D both lie on the straight line with vector equation
r=4+15 +1R +/( - - k),
where/ is a scalar parameter.

b) Determine the coordinates & and D .

[ 1.|c(22- 18|, |B(6,5,6), D(8: 52 inanyordt
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Question 129  (****+)
The vectorsa andb are such so that

|a=3, |b|=12 and ab=18.

Show clearly that

la- b= 3/13.

, |proof
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Question 130  (****+)
It is given that

W=u+v,
wherew =2i +§ -k .

Given further thau is in the direction +] +k , and the vectors andv are
perpendicular to one another, determineand v in component form.

[, lu=3i+3 +& |, [v=-i+5- &
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Question 131 (****+)

The pointsA(3,3,2), B(6,4,3 andC(5,1,4) are referred with respect to a fixed
origin O. The pointM is the midpoint ofAC.

a) Show thatBM is perpendicular tcAC.
The pointD is such so thaABCD is a kite with an area 06./6.

The straight lineBD is a line of symmetry for the kitABCD.

b) Find the coordinates db .

[ |p(0-23

Created by T. Madas



Created by T. Madas

Question 132 (****+)
Relative to a fixed origirO, the straight line$ andm have vector equations

p q 9 1
rn= 4 +t -1 and r,= 0 +s -2,
5 2 16 7

wheret and s are scalar parameters, apdand g are scalar constants.

The point A is the intersection of and m, and the cosine of acute angiebetween
| andm is %\/6 .

a) Find the value of p and the value o, given thatq is a positive integer.
b) Determine the coordinates &.

The pointB has coordinate8(12,5,9.
¢) Find the cosine of the acute anglebetweenAB and| .

d) Hence show, without the use of any calculating tdt

p=0|, |q=2/, |A(8,2,9|, |cos/

wl—
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Question 133 (****+)

The straight lined; andl, have the vector equations given below
n=3++k +/ (24 +B),
rp=3+X +m2-2-k ),
where/ and i are scalar parameters.
a) Show thatl; andl, intersect at some poirf® and find its coordinates.

The pointsA andC lie onl; and the point8 and D lie onl,, such thatABCD
forms a parallelogram.

The pointA has coordinatef7,- 1,13.

b) Find ...

i. ...the coordinates of .

ii. ... the coordinates oB and D, given further thatBD| =12.

iii. ...the angle BAD.

c) Show that the exact area of the parallelograBCD is 36V13.

Lb]

P(1,2,4)|,|c(-55 9|, |B(5.-2,2,D( 3,6,§ inany ordg,

BAD » 55.3
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Question 134 (****+)

The straight lined; andl, have the following vector equations
n=7+3 +8 +/( 4§ +k& )
=3+ +% +m &),

where/ and i are scalar parameters, aacandb are scalar constants.

It is further given that the poinA is the intersection of andl,, and the acute angle
betweenl; andl, is 60°.

Find in any order ...
... the two possible pairings for the valueafand the valud .

... the possible coordinates &f for each possible pair & andb.

\, |a=0withb=4and A( 5,4,8, |a=4 with b:1—52 and A(3—531—52—E)
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Question 135  (****+)
The point A has position vector i+ 7j- k .

a) Find the vector equation of the straight lipevhich passes throughA and is
parallel to the vectoBi - 2j+ X .

The straight lind, has equation
r,=9-9g+8& +n(B- B+ k4)
where 7i is a scalar parameter.

b) Show that ...

I. ... 1y andl, do not intersect.
ii. ...the vector2i + 6 + & is perpendicular to both; andl,.
The pointP lies on |; and the poinQ lies on |, so that the distancBQ is least.

c) Find the coordinates d? andQ.

n=-i+7-k+ /(8- & R)|,|P(533 & Q(3-30
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Question 136 (****+)

With respect to a fixed origi®, the straight lined; and L, have respective vector
equations

-1 1 -3 1
rn= 5+t -2 and r,= 1 +s 0,
-1 1 5 -1

wheret ands are scalar parameters.

The pointsA andC lie on L andL,, wheret =0 ands=0, respectively.
a) Find ‘AC‘, in exact surd form.

b) Show thatly; andL, intersect at some poifg and find its coordinates.
¢) Find the size of the anglg, betweenL; andL,.

The pointD is such so thaABCD is a kite.

d) Show further that ...
i. ... the area of the kite i56v3 square units.

ii. ... the length ofBD is §J4_2.

B(1,13)|, [g=90°

‘AC‘ =214
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Question 137  (****+)

A person standing at a fixed orig{d observes an insect taking off from a pofkton
level horizontal ground. The position vector of tiheectr metres,t seconds after
taking off, is given by

r=(t +), +(2t +%)j +X

All distances are in metres and the coordinates @ Oy, Oz are oriented due east,
due north and vertically upwards, respectively.

a) Find ...
I. ... the bearing of the insect’s flight path.

ii. ... the angle between the flight path and the hotelaground.

The roof top of a garden shed is IocatedB(aS,% ,3).

b) Calculate the shortest distance between the irsspath and the poir .

When the insect reaches a heigh26f metres above the ground, at the pdintthe
insect gets eaten by a bird.

c) Determine the coordinates Gf.

[, [bearing» 027], [g» 427, |5/, C(114—1 zq
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Question 138  (****+)
With respect to a fixed origi®, the points with coordinatea(4,3- 1), B(5,1,2),
C(2,0,3 andD(4,2- 1 are given.

a) Find the vector equation of the lilgwhich passes throughA and B, and
the vector equation of the lifg which passes throug@ andD.

b) Show thatl; andl, do not intersect.

The pointE is onl, so that AEB=90°.

c) Show that one possible position f&r has coordinate 265%3 %) and find

the coordinates of the other possible position.

n=4+3 -k+/(-p+B)|,|r,=2+X +nf 4 -R )|, |[E(3L]

]
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Question 139 (****+)

Relative to a fixed origirD, the pointsA and B have respectively position vectors
i-3- % and-4j- 1k .

a) Find the vector equation of the straight lipewhich passes througA and B.
The straight lind, has the vector equation
=6+ +mi+p+§),
where 17 is a scalar parameter, aqpdand g are scalar constants.
b) Given thatl; andl, are perpendicular, write an equation in termgoénd g .
c) Given further that; andl, intersect, find the value gb and the value o§.

d) Determine the position vector of the point of iststion ofl; andl,.

rn=i-3- &+ /(+j+k ),|p+q:1|, p=-3,0= ,|7i+3'- 1k|
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Question 140 (****+)

The straight lined; andl, have respective vector equations
rn=3/i+(6-2 )+ (2 + Xk
r, =(3m+10)i +(-3m 10j+ ( 44 1
where/ and m are scalar parameters.
a) Show thatl; andl, do not intersect.
The pointP lies on |; and the poinQ lies on |, so that the distancBQ is least.

b) Find the coordinates d? and the coordinates &.

P(6,25 & Q(4-4,2
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Question 141 (****+)
Relative to a fixed origirD, the straight lines$; andl, have the following respective

vector equations

8 1 3 1
rn= q +/ 1 and r,= -4+m1l,
-3 p -5 1

where/ and m are scalar parameters, apdand q are scalar constants.

a) Given thatl; andl, are perpendicular, determine the valuepof

The pointD is the intersection of andl,
b) Find the value ofq and the coordinates d .

Another straight lind; intersectdoth |; andl, , and is also perpendiculartioth

l; andl,.

c) Find a vector equation fdg.
You may not use the vector (cross) product in thast

The pointsA(8,1- 3, B(8,1,0 andC(8,- 1; 1 lie only, |, andl;, respectively.

d) Show that the volume of the triangle based pyramil vertices atA, B, C
and D is 1 cubic unit.

p=-2,|la=1, [D(7,0- |, [r=7 -k+n-])
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Question 142  (****¥)

The figure above shows the rectanglBCD, whereC(3,7,12 and D(5,1,4).

The pointE(2,1,0 is such so thaBDE and EC are straight lines.

Use vector methods to determine the coordinate&.of

. |A(19,- 5,19
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Question 143  (*¥***¥)

The coordinates in this question are relative tixad origin O at (0,0,0) .
The straight lind; has vector equation

i+3+% +/(4+ B+ ),
where/ is a scalar parameter.

The straight lind, passes thought the point with coordina(tﬁsO,G) and is in the
direction 2i - 3+k .

a) Verify that A(4,3,9 is the intersection ofl; andl,, and show further that
B(12,- 9,9 lieson I,.

The pointC(6,- 3,3 lies on ;.

The straight lind; passes througB andC.

The straight lind, is parallel tol, and passes through.

The straight lind; is perpendicular td; and passes through.

b) Given thatl, andlg intersect at the poinD, find the coordinates ob .

L 1.[D(4,0.9
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Question 144  (**++¥)

Relative to a fixed origirO at (0,0,0) the pointsA, B and C have coordinates
(0,4,6), (3,5,4 and(2,0,0), respectively.

The straight lind; passes throughh andB.
The straight lind, passes throug®@ and is parallel td; .
The pointD lies onl; so that ACD=90°.
The pointE lies onl, so that CDE=90°.
The pointF lies onl, so that|EC|=2|EF.

Determine the coordinates of the possible positains .

. |F(8,2- 4 E F(206, 1
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Question 145  (*¥***¥)
With respect to a fixed origi®, the pointsA, B andC have position vectors

0 8 11
a= 5 ,b= 2 andc= 0 .
2 7 1

a) Determine the volume of the cube, with verticesgbmts A, B andC.

The pointsP, Q andR are vertices of a different cube, so that

0 k
PQ= 1 andPR= 4 ,
7 3

wherek is a positive constant.
b) Giventhat QPR=60°, determine ...
I. ...the value ofk.

ii. ...the length of the diagonal of the second cube.

| ' [volume= 343, [k =5, |[N75=5/3
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Question 146 (*****)

Relative to a fixed origirO at (0,0,0) the pointsA, B and C have coordinates
(1,2,9, (-1,0,7) and(4,- 2,8, respectively.

The pointD is such so thaABCD is an isosceles trapezium witaC| =| AQJ .

Determine the coordinates &f.

pE-4F
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Question 147 (*¥****)

Relative to a fixed origirD, the pointsA and B have position vectordi +5 + &
and 6i +§ + 'k , respectively. The straight ling passes througlA and ,B and
crosses they- z plane at the poin€. The straight lind, passes through the point
D with position vectorpj +(2p+2)k , where p is a scalar constant.

Given thatl; andl, are perpendicular, and intersectGatfind the value ofp.
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Question 148  (****¥)
The pointsA and B, have respective position vect@sandb, relative to a fixed
origin O.

The pointC lies on AB produced such thdAB| : [AQ =1: 4

The point D lies on OB produced such tha{OB/:|O0 =1: k, where
0B : |00 = 1: kis a scalar constant.

Given that AB is perpendicular t&€D show that

2 2
- 3ot Tabe 4
b|°- ab

, |proof
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Question 149  (*¥***¥)
OAB is a triangle andOA=a andOB=b.

The pointC lies onOB so thatOC: CB=3:1.
The pointP lies on AC so thatAP: PC=2:1.
The pointQ lies on AB so thatO, P andQ are collinear.

Determine the raticAQ: QB.

|, |[AQ: QB=3:2
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Question 150 (*****)

Relative to a fixed origirD, the straight line$; andl, have vector equations

7 2 14 -2
rn=1+/ 0 andr,=19 +m 4,
2 -1 3 -3

where/ and m are scalar parameters.
The point A lies onl; and the poinBB lies onl,, so that the distancAB is least.

Find the coordinates ofA and the coordinates @3 .

[ 1 |A(3.1- 9|, |B(18,119
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Question 151  (*¥***¥)

The pointP lies on the straight ling,;, which is parallel to the vectdi +j + X and
passes through the point with coordina8,3,7), relative to an origin a{0,0,0) .

The pointQ lies on another straight link,, which is in the direction of the vector
4i - j+k and passes through the point with coordin4€s,0) .

The straight linel is perpendicular to both; andL,, and meetd,; andL, at the
points P and Q , respectively.

Find the coordinates d? and Q.

L [P(403,Q(52 )
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Question 152  (*¥***¥)

The straight lind;, where/ is a scalar parameter, has vector equation
r=10+8§ +& +/( + k).
The pointsA(4,1,3 and B(6,5,- 3 lie on the straight ling, .
a) Given thatl; and |, lie on the same plane, show thais perpendicular td,.

The pointsC and D lie onl; so that the resulting quadrilate®CBD is a kite,
whose line of symmetry ib,.

b) Given further that the area of the kite&id 42 square units, determine the
possible coordinates of the poir@sand D.

[ 1. jr=4+ +& +m +2 -B)|, |[CD|=8V3

C(9,7,9 & D(1- & 4 inanyorde
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Question 153 (***+¥)

The straight linel; passes through the poingsand B, whose respective position
vectors relative to a fixed origi® are

1 2
2 and 1
5 6
3
The pointC has position vectorQ .
1

The straight linel, passes throug® and is parallel td;.
The pointsP andQ both lie onL, so thaCP|=|CQ =2| AB.

Find the area of the quadrilateral with verticesdatB, P and Q.

[ ' s/2
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Question 154  (*¥***¥)

Created by T. Madas

Relative to a fixed origirD, the straight lind passes through the poin@e(a,- 3, 6),
B(2,b,2) andC(3,3,0, wherea andb are constants.

a) Find the value of and the value ob, and hence find a vector equation lof

The pointsP andQ lie on thel so thatOP|=|0Q and POQ=90".

b) Find the coordinates d? and the coordinates &.

L1

a=0,b

r=-3F+&+/(+2-R)

(1-1,4 &(3,3,9
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QUGStion 155 (*****)
The straight lind has vector equation

r=3+% +/( +2 -R),
where/ is a scalar parameter.
The pointA has coordinatg$,3,- 3, relative to a fixed origirD.
The pointsP andQ lie on thel so that| AP|=| AQ.

Given further that PAQ=90°, find the coordinates oP and the coordinates @).

L 1](427 &(66: 9
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Question 156 (*****)
In the acute triangléABC the following information is given.

The pointP lies on AB so thatAP: PB = 1: 2.
The pointQ lies on AC so thatAQ: QC = 1:3.
The pointD is the intersection oEP and BQ.

The straight line througtA and D is extended so that it meeBC at the pointR.

Determine the rati)dR RC.

, |IBR: RC= 2:5
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Question 157  (*¥***¥)

Relative to a fixed origirO, the position vectors of two points and B are denoted
by a andb. The pointP is the foot of the perpendicular fro@ to the straight line
through A and B.

Show that ifp denotes the position vector Bf, then

a(a- b)(a b) |

p=a-
[a- bf°
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Question 158 (*****)

Relative to a fixed origirO located at the point with coordinat(a&, 0,0), the points
A(8,1,4) andB(4,- 1,§ are given.

A circle, with centre at the poirf® and radius, is drawn so that the three sides of
the triangleOAB are tangents to this circle.

Determine the coordinates d® and the exact value of.

L FEod) |

l\)llLo
N
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Question 159  (*¥***¥)

The pointsA(-3,1,5, B(111 andC(-1,5; 1) are three of the vertices of the kite
ABCD, which is circumscribed by a circle.

a) Given that|AB =|AD and|BC|=|Dd, find the exact coordinates @f .

A smaller circle is circumscribed by the kite, am&maller kite similar t)ABCD is
circumscribed by the smaller circle.

b) Determine in exact form the area of the smallez.kit

768( w3 13

7

-
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Question 160  (*****)

The pointsA(14,1,19, B(8,1,0) andC(-16,7; 1§ are three of the vertices of the
kite ABCD. A circle of radiusr is circumscribed by the kite.

Find the area of the kite and hence or otherwigerahéne, in exact simplified surd
form, the value ofr .

| |, [area= 27¢, |r :%(2\/%- \/?9)
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Question 161 (*¥****)

Use a vector method involving the scalar produgbrtwve the validity of the Cosine
Rule.

|, |proof

Question 162  (*¥****)
Three points in spacéd, B andK are such so th&kB = 2 AK.

Prove that ifM is a fourth distinct arbitrary point in space,rthe

Z‘M%2 + ‘MB‘Z - 3‘MK‘2: constan.
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Question 163  (*****)

Use a vector method involving the scalar produgirtave the validity of Pythagoras’
Theorem.

, |proof

Question 164  (*****)

Find the modulus oba- b, given that the equatio|rxa+ b| = 2/3 has repeated
roots in x, wherea andb are constant vectors.

| av13
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Question 165  (*¥****)

Use a vector method involving the scalar produgirtive that an inscribed angle in a
circle which corresponds to a diameter is alwagiglat angle.

.| proof

Question 166 (*****)

The vertices of the trianglOAB have coordinate#\(6,- 18; §, B(7,- 1,3, where
O is afixed origin.

The pointN lies onOA so thatON : NA = 1:2.
The pointM is the midpoint ofOB.
The pointP is the intersection oAM and BN.

By using vector methods, or otherwise, determimectiordinates oP .

[ 1[P(4-49
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