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1 -3
1 (i) Find a vector which is perpendicular to both ( 3) and (— 6).
-2 4
(ii) The cartesian equation of a line is % =y—3=2z+4.

Express the equation of this line in vector form.
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1 -2
Find, to the nearest degree, the angle between the vectors | 0| and | 3.
-2 -3
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4 3
3 (a) Determine whether the point (19, —12, 17) lies on the line r = |—2 |+ A|—-2|. [3]
7 4
1 -3
Vectors a and b are givenby a=|—2|and b =| 6]|.
2 2
(b) (i) Find, in degrees, the angle between a and b. [3]
(i) Find a vector which is perpendicular to both a and b. [2]
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Determine the value of a.

ya

W

a "S5 | . C O
26 -3

20 +6n-30 —~F8=0

o& + 20 — S4=0

NOW (PJQ /Pj /ﬂ? Z O

4-s=- 4 <O

2

You are given that p is perpendicular to the vector | 6 |.

-3

Co

2
a

26

Lia g

The vector p, all of whose components are positive, is given by p = [a — 5| where a is a constant.

[4]
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5  Thelines /; and /, have the following equations.

8 -2
[, ir=|=11{+A] 5
-2 3
-6 -3
Ltr=|11{+u| 1
8 -1
(a) Show that /, and /, intersect. (4]
(b) Write down the point of intersection of /, and /,. [1]

a> 6 -7 "C 93
S §> = 1‘>+» f
-1 -é { -
® g-2A--6-3n
® —[ +SA =W+ M
©) -2 43A=3-1
® +© 34t h=

2 h =32
\=4

S /\‘:lt ialo @ f@ - —(|+ 20 = 4
= M; —’Z
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1) (3
2 |x| 5| 1]
~1) (-2

(ii) State a geometrical relationship between the answer to part (a)(i) and the

(a) (i) Find

1 3
vectors | 2 | and . [1]
—1 -2
(iii) Verify the relationship stated in part (a)(ii). [2]
(b) Find the angle between the vectors 2i—2j+k and 4i—j+ 8k. [3]
( 3 C ] h |
2 x S = ( 2
= -2 2 S 1
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7 (a) Find a vector which is perpendicular to both 3i — 5j — k and i + 3j — 4k. 1]

The equations of two lines are r = 2i + 3j + 3k+ A(i — 2j + k) and
r=i+ 11j — 4k + u(—i + 3j — 2k).

(b) Show that the lines intersect, stating the point of intersection. [S]
n
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8 Thelines L, and L, have the following equations.

=5 5
Li:r=|6|[+A]-2
15 -2
24 3
Lyvr=]|1|+y1
-5 —4
(a) Show that L, and L, intersect, giving the position vector of the point of intersection. [S]

(b) Find the equation of the line which intersects L, and L, and is perpendicular to both.

Give your answer in cartesian form. [3]
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3 1 1 3
Find the acute angle between the lines with vector equations r=| 0 [+A| 2 |and r=|5|+u| 1 |. [3]
-2 -1 3 -2
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0 -1 -1 2
(a) Given thatthelines =] 2 [+A| 1|and r=| 2|+ x| 3 [ meet, determine £.
2 3 k 4

(b) In this question you must show detailed reasoning.

Find the acute angle between the two lines.
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11 Vectors, a, b and ¢, are givenby a =i+ (1—p)j+ (p+2)k,b = 2i+j+k and
¢ = i+ 14j+ (p —3)k where p is a constant.

You are given that axb is perpendicular to c.

Determine the possible values of p.

=N C(t_—p)’(pnﬁ.) - (l —'L(p+'23) + M (¢ —Z(t’P\)
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12 Determine whether the lines
x-=1 y+2 z+4
1 -1 2
intersect or are skew.

and

x+3_y—1_z_5
2~ 3 4

[5]
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13 The position vector of point 4 is a =—9i+ 2j + 6Kk.
The line / passes through 4 and is perpendicular to a.

(a) Determine the shortest distance between the origin, O, and /. 2]
[ is also perpendicular to the vector b where b =—2i+j+k.

(b) Find a vector which is perpendicular to both a and b. 1]
(¢) Write down an equation of / in vector form. [1]
P is a point on / such that P4 = 204.

(d) Find angle POA giving your answer to 3 significant figures. [3]
C is a point whose position vector, ¢, is given by ¢ = pa for some constant p. The line m passes
through C and has equation r = ¢+ ub. The point with position vector 9i+ 8j— 12k lies on m.

(e) Find the value of p. [3]

A
=\
0
b’) -9 - L j
_gxxht 2 [ x 7 = N 2 b
6 ! -2 ) |
= —4; -2} -5
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- 2 | + M —3
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The line through points 4(8, =7, —=2) and B(11, -9, 0) is denoted by L.
(a) Find a vector equation for ,. 2]
(b) Determine whether the point (26, —19, —14) lieson L. [2]

The line L, passes through the origin, O, and intersects L, at the point C. The lines L, and L, are
perpendicular.

(¢) By using the fact that C lies on L, find a vector equation for L,. (4]

(d) Hence find the shortest distance from O to L. 2]

— \
hE —? o conld alds U3¢ E—“o > (ne
3 o
v\ ¢
So - - -2 + N -1
- 2
2

26 3 2
S T R A A
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1 -2
15 (i) Find the value of Ak such that | 2 | and | 3 | are perpendicular.
1 k
3 1 6 2
Two lines have equations /;: r=|2 |[+A| -1 |and L,: r=|5 |[+u| 1].
7 3 2 -1

(ii) Find the point of intersection of /; and L.

1

(iii) The vector | a |is perpendicular to the lines /; and /.
b

Find the values of a and b.

( -2
L) ] 3 1:-0
, K

by Guloleing iato p==1 or A=— mb> e

p.0.1 EC l/3,4’\
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—V3 1
16  Determine the acute angle between the line r=| 1 |+2|2v3 ] and the y-axis.
3 —V3
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‘ 0
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17 The line [ has equations x; L_ y; L_ Z; L and the point 4 is (7, 3, 7). M is the point where the

perpendicular from A4 meets /.

(i) Find, in either order, the coordinates of M and the perpendicular distance from 4 to /. [7]
(ii) Find the coordinates of the point B on AM such that AB = 3BM. 3]
l A
L} VCM‘Of P-D[\M . £ - , 4 /‘ 3
- ( 2
L W 7at
‘kgo*i’\, here waolhe C e aof {C&& )
M te of ca(kmj M (9((&],? )
\)\ /V\: (lf )//\/ 1+Z/\/"l+'2)\> &g(&oz\»\e[\ek
?/
’4‘—/{: _ ( +24d + 2A-6
~1 42A 7 > ) -2
L, So

A—(\FX s ‘oeqee_x\&,tculw to

2 \—( 2
2A-2 \-| 2] =0

2 h-8 2

4 A= 12 2 QA-6 3 4R-TERO
(#A —34=0
N=172_

co M= (<, 9,2)

ﬂ:ﬂ;l? = Z (’l) -C -2
3(2)-L | = | 4
2(2) -3 -4

1;?\4‘: d 2?1_4?+4‘?_\ - m "——G
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18 Points 4, B and C have coordinates (4, 2, 0), (1, 5, 3) and (1, 4, —2) respectively.
The line [ passes through 4 and B.

(a) Find a cartesian equation for L [3]

M is the point on [ that is closest to C.

(b) Find the coordinates of M. (4]
(¢) Find the exact area of the triangle ABC. [4]
— ( 4 [~ S
») A=1{s |-|> )| 2
3 0 5
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19 Three intersecting lines L,, L, and L, have equations
x—1 y-2 z+4

LX_Y_z XYz .
L1-2—3—1, L2-1—2—_4 and L3. 1 T~ 3
Find the area of the triangle enclosed by these lines [9]
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20  The line segment AB is a diameter of a sphere, S. The point C is any point on the surface of S.

(a) Explain why AC-BC = 0 for all possible positions of C. [3]

You are now given that 4 is the point (11, 12, —14) and B is the point (9, 13, 6).

(b) Given that the coordinates of C have the form (2p, p, 1), where p is a constant, determine the

coordinates of the possible positions of C. p
G\) C wsi g haowledqe of cecle fheocem$
! ° ace c s
(R = 90 S
R A

0~ tne periceter 59 CR 38 o

' angle i A Cemi - art e (a*e it
i (0
o re%‘k\‘ 0\40\‘(8).

o Ec'§7 =0 giae ?CO‘V‘)\

gg e Per!genob‘cwlo« arace dof
product e[wx\ zery . (2)
T~ e cas< whee (C=A ¢ (=R, p}l_Z—:D 0o EZ:O
V&SPQ&ZVQ% , Lo Az)' @Pz:() ciace & ZesO ve ko oA otted
w iR oy geckor 8 zeo. ()
—2 20 ) zp - 9
.b\ AC - p— 12 R( = p-13
[S - S
= O

,Z' &C - @P’“X? ) "‘(ﬁ""?)(P“(%) 4+1S (-S)

2 -5 =0
4p7-40p 1Y +pt m28p FISETT

Sp? ~ 6Sp 718070
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(p-4)[p-1) =0 S CPRD IR (13,9,
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21  The equations of two intersecting lines are

—-12 2 2 -3
r=|a |+A]|2 r=[0|+yl!l
-1 1 5 -1
where a is a constant.
(a) Find a vector, b, which is perpendicular to both lines. [2]
-12 2
(b) Show thatbh.[ a |=b.]0]. [2]
-1 5
(¢) Hence, or otherwise, find the value of a. [2]
2 -3 c J A
I~ = 2 X J( - 2 2 Q
( \ —
= -Zi -§ +3 n
- L -3
a ly ] 2/ = [ o [+ ( f e
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_ ( S Siace we hnov fuey !
" ) bl o Ve[ lg
- = © @)
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22 The points P(3, 5, —21) and Q(—1, 3, —16) are on the ceiling of a long straight underground tunnel.
A ventilation shaft must be dug from the point M on the ceiling of the tunnel midway between
P and Q to horizontal ground level (where the z-coordinate is 0). The ventilation shaft must be
perpendicular to the tunnel.

The path of the ventilation shaft is modelled by the vector equation r = a+ Ab, where a is the
position vector of M.

1
You are given that b = |s| where s and 7 are real numbers.
t

(a) Show that s =2.5¢r—2. [3]
(b) Show that at the point where the ventilation shaft reaches the ground A = %, where ¢ is a
constant to be determined. [3]

(¢) Using the results in parts (a) and (b), determine the shortest possible length of the ventilation

shaft. [6]
0

(d) Explain what the fact that b x|0|# 0 means about the direction of the ventilation shaft.  [1]
1

) b . pB=0 sae  bois perpe™
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