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Question 1 (**)
The vectorsa andb, are not parallel.

Simplify fully the following expression

(2a+b) U(a- 2b).

Question 2 (**)
The vectorsa, b andc are not parallel.

Simplify fully

a bu(ct+a) .
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Question 3 (**)
Find the area of the triangle with verticesAftL,- 1,2, B(-1,2,] andC(2,- 3,3.

Question 4 (**)
Referred to a fixed origin the coordinates of tbkofving points are given

A(119), B(5.- 2,9, C(3,2,6) and D(15,6).

a) Find a Cartesian equation for the plane contaittiegpointsA, B andC.

b) Determine the volume of the tetrahedraBCD.

|, [3x+4y- 2z= 5, |volume= §
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Question 5 (**)
The position vectors of the poins, B andC are given below

OA=-i+2j+ X , OB=3+4-k and OC=i+ 4+ .

a) Show thatOA, OB andOC are linearly dependent.

b) Find the area of the trianglaBC.
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Question 6 (**)
Find the equation of the straight line which is coam to the planes

X- 2y+4z= 9 and 2x- 3y z= 4.
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Question 7 (**+)

The following vectors are given.

a=2i+3 -k
b=i+2j +k
c=j+X

a) Show the three vectors are coplanar.

b) Expressa in terms ofb andc.

Created by T. Madas
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Question 8  (**+)

The vectorsa andb are such so that

|aj:\/ﬁ, |b|=10 and a b=30.

Find the value ofaUb].
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Question 9 (**+)

With respect to a fixed origi®@, the pointsA and B have position vectors given by

a=3i-j+ X and b= 2+j-k.

a) Find a Cartesian equation of the plane that paksesghO, A andB.

A straight line has a vector equation

r-(4+j+&) u(+ % )o

b) Determine the coordinates of the pofht where
the straight line and the plane.

C is the intersection between

,

Ix- 7y 5z 0, [C(1-2,3
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Question 10 (**+)

The planeP, passes through the point with coordina2s5,1) and is perpendicular to
the vectorsi - 4+ 2@& .

a) Find a vector equation oP 4, in the formr n =d.

b) Calculate the exact value of the cosine of theeaemgle betweeR; and the
planeP , with equationx+ y+ z=10.

r (5-4+ 28 )= 10, cosq=%
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Question 11 (**+)
The following three vectors are given

a=i+3j+Xk
b=2i+3 4k
c=i+2j+/k

where/ is a scalar constant.
a) If the three vectors given above are coplanar, tiedvalue of/ .

b) Expressa in terms ofb andc.

7 =1, [a=3c- b
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Question 12 (***)

The vectorsa, b andc are such so that
cya=i and byc=2k.

Express(a+ b) U(a+b+2c) in terms ofi andk .

Question 13  (***)

Relative to a fixed origirO, the position vectors of the poinfs, B andC are

1 2 4
OA= -1, OB= 3 and OC= -1.
-1 -1 5

a) Show thatOA, OB andOC are linearly independent.

b) EvaluateOA OB.

c) Show thatOBU OC= kOA, wherek is a constant.
The pointsO, A, B andC are vertices of a solid.

d) Describe the solid geometrically and state its nau

OA OB=0|, k=14|, [cuboid, volume= 4}
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Question 14 (***)

Relative to a fixed origirD, the planeP ; passes through the poings, B and C with
position vectors - j+ X , 6-j+k and3i- 2+ X , respectively.

a) Determine an equation &f, in the formrn =c, wheren is the normal tdP,
andc is a scalar constant.

b) Find, in exact surd form, the shortest distanc® pfrom the originO.
The planeP , passes through the poit and has normabi - 2+ K .

c) Calculate, to the nearest degree, the acute arghebnP; andP .

[ (+3+%)=9, %@,
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W0 DUNES g -DITTING. Tl NOUAALS

= | +26) +s() = oW
G 4(110)

=2 (NS = 9

tasyrse =9 o=y~
% ! C-led)=9

B vroer 8%, oo e mitscion of i R
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Question 15 (***)
Relative to a fixed origirD, the pointsA, B andC have position vectors

4 3 3-2/
a= 1, b= 2 and c= / +5
1 2 /[ +17

where/ is a scalar parameter.

a) Find theb Uc interms of/ .
b) Show thata (buUc) is independent of .

c) Findthe volume of the tetrahedron aBéBC.

24i - (71+ 49j+ (7 + % |, |area= 10

® Lt,; ’ L, | = Lad3-2d=lo, e-dy 33 st, 3 pis- 6048 ]

@ a-Coue) = (441 (2 -5 T49) = w4449 = @

C] \
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Question 16  (***)
With respect to a fixed origi®, the pointsA(0,1,2), B(2,3,]) andC(1,13 are all
contained by the plane .

a) Calculate the area of the triangl8C.

b) Determine an equation & , giving the answer in the formn =c, wheren is
a normal toP. andc is a scalar constant.

c) Find the distance oP from the originO.
; . .l
The distance of the poirid (3,4,1) from the planeP is —.
poirid (3,43 P V17

d) Calculate, correct to one decimal place, the aantge betweerAD andP .

areaz%x/T', r(2-3- RF- 17, distance%,

R e P 2
Q,J BAvE: 23422+ Conbach 7
o Mon) = tosbb=—7 ¢ 23y 72s o7

@
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Question 17 (***)

The figure above shows a parallelepiped.

Relative to a fixed origirO, the vertices of the parallelepiped/at B, C, D andE
have respective position vectors

a=5i+j+X,

b=9i+j,

c=i+8j +X ,

d=-3i+ §+ &

e=7i+2j+%.
a) Calculate the area of the faB8CD.

b) Show that the volume of parallelepiped?2 cubic units.

c) Hence, find the distance between the fad&CD and EFGH

| |, [area= 37, |distance= €

Created by T. Madas



Created by T. Madas

Question 18 (***)
Two non zero vectora andb have respective magnitudasandb, respectively.

Given thatc=|aUb| andd =|ab|, show that
c® +d? = a’b’

proof

Question 19 (***)
Relative to a fixed origirD, the pointsA(- 2,3,9, B(L-3,1) andC(4,- 6; 7) lie on
the planeP .

a) Find a Cartesian equation fér.

The perpendicular from the poift(26,2,7) meets theP at the pointQ.

b) Determine the coordinates f.

[ 1, [12x+4y+32=3,|Q(2-6,

Q STNT By GNONG A WOUML B Tie RdE

Seaund THE NODAL DWTEP.
b= (24)

£gofion OF Pt UG- B(-20)
= 2xily+ 32 = Coaeml]
= (lxi) + 463) + @) = Gty
= O =3

o i disiee
Y é//
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© T A%

L= (27) +A(2a)

@y2) = (2 41 2, 47

SO0 SIMUTANOUS W0k B €ooRtiol OF Fle SALE

= Noves) HO) r3(3uT)= 3

= W32+ BAYE + 340 =3
= @)= -39

= A= -~z ~aqbs))
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Created by T. Madas



Created by T. Madas

Question 20  (***)
The pointsA(3,1,0), B(0,2,2) andC(3,3,1) form a planeP .

a) Show thati- j+ X is anormal toP .
b) Find a Cartesian equation féxr.

The straight lineL passes through the poiﬁt(3,1,3 and meetd® at right angles at
the pointQ.

c) Determine the distancBQ.

QX Gfosted

B = boa= 022)-Gio) = (3,1,2)

R-c G (02,1) — & Sy
DITTING: €Ay oF Tyede T THE NRMAC G : o
NG SR} of T i > (Pal<lg-2l=| Ga)=Caa) = [ -14,-2) = Fivirg?
&) (1) = =3 o o
~\Rpl= g A
(@20) ¢ (1-l2) = 0-2+2 =0 [fel W’///;/

NDED e nptwa e [1 7
7
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Question 21 (***)

The figure above shows a parallelepiped, whoseicesrtare located at the points
A(2,1t), B(3,3,2, D(4,0,5 and E(1- 2,7), wheret is a constant.

a) Calculate ABU AD, in terms oft.

b) Find the value ofABU AD AE

The volume of the parallelepiped22 cubic units.

c) Determine the possible valuestof

(12- 3)i+ (¢ Dj &|, [11- 44, [t=2,
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Question 22 (***)

Find in Cartesian form the equation of the intetisecbetween the planes with the
following equations

2x+4y+2z=0

3x+3y+2z=15.

Question 23 (***)
Two planes have Cartesian equations

3x+2y- 6z= 2C and 12x+ky= 20,
wherek is'a non zero constant.

The acute angle between the two planeg.is

Given thatcosg :% , determine the value &.
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Question 24 (***)

The straight lined; andl, have respective vector equations

n=2-j+k+/(+8B)
=i +3 +& +m{ +R)

where/ and /m are scalar parameters.

Show thatl; andl, are skew and hence find the shortest distanceceetthem.

5
I
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Question 25 (***)

The pointsA(L- 3,3, B(- 1+ 2,0 andC(0,- 1; 4) define a plane® .

a) Show thati+ B+k is anormal toP .

b) Determine a Cartesian equation for.
The straight linel. has equation

r=2+ +/(5 4 +R ),

where/ is a scalar parameter.

c) Find the coordinates of the point of intersectietweenP and L.

d) Calculate the size of the acute angle betwieeand L .

[ 1 [x+3yxz+7=0,[(-3; & J|,[33.2
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Question 26 (***+)

A tetrahedron has its four vertices at the pok{ts3,6,4),B(0,11,0, C(4,1,28 and
D(7.k,24), wherek is a constant.

a) Calculate the area of the triangh8C.
b) Find the volume of the tetrahedr@BCD, in terms ofk .
The volume of the tetrahedron180 cubic units.

c) Determine the possible values lof

| |, larea=_75, volume:5—??|k- ¢

k=-3, k=1

B oo OX Te Lwioe LB TR of k

g
B doa= (hpd-(6w)= Co ks, 20) i
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Question 27 (***+)

A triangular prism has vertices #(3,3,3, B(13t), C(5,15 and F(8,0,10,
wheret is a constant.

The faceABC is parallel to the fac®EF and the linesAD, BE and CF are parallel
to each other.

a) CalculateABU AC, in terms oft.
b) Find the value ofABU AC AD, in terms oft.
The value oft is taken to bes .

c) Determine the volume of the prism for this valug of

d) Explain the geometrical significancetif - 1.

(2t- 6)i+(2- 2 &/, [4t+4), |V =14 cubic units,

| A, B,C, D are coplanar, so no voluf

@) Voluwts o prisue = L pordlilerioed = L |5 AT KD
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Question 28  (***+)
Relative to a fixed origirD the pointP has coordinatefl, 2,1).

A plane P has Cartesian equation
2x+y+3z=21

The straight linel. passes through the poiRt and it is perpendicular tB .
a) Find the coordinates of the poiM , whereM is the intersection oP andL.

The pointQ is the reflection ofP aboutP .
b) Find the coordinates of).

c) Find OM yOP.

d) Hence, or otherwise, find the shortest distanceftioe pointP to the straight
line OM , giving the answer in exact form.

M(3,3,4)[,1Q(5.4.7) ,, distance:\/%

Created by T. Madas



Created by T. Madas

Question 29 (***+)
The planeP has an equation given by

r=4+k +/(3 « )+m(B+p+Rk ),
where/ and m are scalar parameters.
a) Find a normal vector to this plane.

The straight lineL passes through the poinA(2,2,2) and meetd at the point
B(4,0,9).

b) Calculate, to the nearest degree, the acute aeghebnlL andP .

c) Hence, or otherwise, find the shortest distancenfdd to P .

n=-2i+j+ x|, [63], distance::—83

Created by T. Madas



Created by T. Madas

Question 30 (***+)

With respect to a fixed origi® the pointsA, B andC, have respective coordinates
(6,10,1Q, (11,14,13 and(k,8,6), wherek is a constant.

a) Given that all the three points lie on a plane \Wtdontains the origin, find the
value ofk.

b) Given instead thaDA, OB, OC are edges of a parallelepiped of volubi®
cubic units determine the possible valuekof

k=10, [k=-5 k= 2§
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Question 31 (***+)

The straight lined; and L, have respective Cartesian equations

X+26_y-7_z 13
=== and = = :
9 7 2 -6 7 8

a) Show thatl; andL, intersect at some point and find its coordinates.
The planeP contains both; and L, .

b) Find a Cartesian equation féx.

(-2r 23 19|, [2x- 4y+ 5z+ 15 0
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Question 32 (***+)
The figure below shows a parallelepiped.

A4 1,7) B(6.1,6)

D(13- 2

0(0,0,0 C(2.2-9

Relative to an origirD the pointsA, B, C andD have respective position vectors
a=4i-j+k, b=6i+j+&k, c=2+3-k and d=i+3j- Xk .
a) Find an equation of the pladd8DG in the form ...
. ...r=u+/v+m.
ii. ... ax+by+ cz+ d=0.

b) Hence determine the direction cosines of the ditdige throughO and F .

r=4-j+ k+/(2+ PRk Wm(i3 j4#k9)|,|2x- 3y 2z % Q,
7 =4 -4
“9M79:""9
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Question 33  (***+)

The planesP?; and P, have the following Cartesian equations.

2x+2y- = 9
X-2y=17

a) Find, to the nearest degree, the acute angle betwgeandP ,.

The two planes intersect along the straight line

b) Determine an equation df in the formr Ua =b, wherea andb are vectors
with integer components.

| |, 73], [ru(2 +j +& )=-5- 3p+ 7
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Question 34 (***+)
The straight lind has Cartesian equation

Xx-2_y 3_2 4
2 3 2

a) Show that the poinP with coordinateg16,24,1§ lies onl.

The pointA has coordinate§8, 19,6 and the direction vector of is denoted byd.

b) Calculate %Lfd

c) Hence show that the shortest distancéAdfrom | is exactly6 units.

(20i- 4- 14)

J17
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Question 35  (***+)
The three vertices of the parallelograhBCD have coordinates

A(7,1-6), B(4,0,7) and D(-2,6,.
The diagonals of the parallelogram meet at thetplin
a) Determine in any order the coordinateshdf and the coordinates & .
b) Calculate in exact simplified surd form, the aréa®BCD.

The straight lind passes througl® and is perpendicular t&BCD.

c) Find an equation of, giving the answer in the forrﬁ'r - a)Ub= 0, wherea
and b are constant vectors to be found.

The planeP is parallel to ABCD and passes through the point with coordinates
(10,10,3.

d) Determine the coordinates of the point of interieecbetweenP and| .

The parallelogramABCD is one of the six faces of a parallelepiped whogposite
face lies inP .

e) Calculate the volume of this parallelepiped.

M (1,3,4)[, |C(-5514)|, larea= 24/ 2¢, [a=-5i+ 5+ 1k, [b=3i + 4 + ],

(1,13,6)|, [volume= 1248

Created by T. Madas



Created by T. Madas

Question 36 (***+)
Three planes have the following Cartesian equations

X- 3y 2z 2
2x- 2y 3z= 1
5x- 7yt 4z= Kk

wherek is a constant.

Determine the intersection of the three planesingtany restrictions in the value &f.

L r=3 4+ k +t(1B+ 7 - W)
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Question 37  (***+)

The planesP?; and P, have respective Cartesian equations
X+2y-z=1 and X+3y+ z=6.
a) Find the acute angle betweén andP ,.
b) Show thatP; andP , intersect along the straight line with equation
r=(5/-9)i+(5 2 )+ k ,

where/ is a scalar parameter.

|, [42.4)
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Question 38  (***+)
It is given that the vectora, b andc satisfy

buc=2i and auc=m,
where m is a scalar constant.
It is further given that the vector expression edi as
(a+2b- 3k)U(a+ 2b+ ko),
wherek is a scalar constant, is parallel to the vectoy .

Determine the condition that; and k must satisfy.

| |, k3, |m=4
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Question 39  (***+)
The position vector of a variable point traces the plaRewith equation

r=(4+/+n)i +(8+2 - Mm)j+(-5/+mk ,
where/ and m are parameters.
a) Express the equation & in the form
rn=c,
wheren andc is a vector and scalar constant, respectively.

The pointP(12,- 1,49 is reflected abouP onto the pointPd.

b) Determine the coordinates éX.

r(9-j- x F 63, |PY48- 5,16
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Question 40  (****)
The planeP has a vector equation

r=(1+4/ +2)i +(3+/ +m)j {4+2 mk ,
where/ and /i are scalar parameters.
The straight lineL has a vector equation
r=(2+2)i +(1+3)) +(-3 4k,
wheret is a scalar parameter.

a) Show thatL is parallel toP .

b) Find the shortest distance betwderand P .

2.6
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Question 41 (****)
Relative to a fixed origirO, the following points are given.

A(4,2,0, B(-17; ) and C(2,0,).

a) Determine a vector, with integer components, whlperpendicular to both
AB and AC.

You mayNOT use the vector (cross) product for this part.

b) Deduce a Cartesian equation of the plane, whichgsahroughA, B andC.

[ 1 [3+7 +2&], [3x+7y+20z= 26
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Question 42 (****)

The straight lined; and L, have respective Cartesian equations

_ y-43:Z and x+2:ﬂ: z+10'

2 11 3

X-2
2

a) Show thatly; andL, intersect at some poi® and find its coordinates.

b) Show further that the Cartesian vecB8¥i - 1§- 18 is perpendicular to both
L, andL,.

The planeP is defined byl; andL,.
The pointQ(2,5,- 2) does not lie orP .
The straight linel; passes throug andP.

c) Calculate the acute angle formed betwégrand P .

[ 1.[p(e113),
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Question 43 (****)
Relative to a fixed origirO, the following points are given.

A(7,2,6), B(9,10,4 and C(-3; 2, 2.

a) Determine a vector, with integer components, whlperpendicular to both
AB and AC, and hence deduce a Cartesian equation of the planwhich
passes througi®\, B andC.

You mayNOT use the vector (cross) product for this part.

The straight lind is perpendicular t&® and passes through the poﬁ’n@ll, 3- 4)
The pointQ is the intersection of and P .
b) Find the coordinates d.

c) Calculate the distancBQ.

J[2i- 5+ «], [2x- y 2z d,[Q(5,6,2], [PQ=3
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Question 44  (****)
The straight lineL and the pland®> have equations

L: r=-3- 3+ R+/(Q—j&k4)
P 3X-2w z= 5
a) Find the size of the acute angle betwéeandP .

b) Use a method involving the cross product to shoat the shortest distance of
the point(0,- 6,13 from L is 3 units.
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Question 45 (****)
The equations of two planes are given below

r(6-3+&)=42 and r(14+3 + )=-7.
The straight lind is the intersection of the two planes.

a) Find an equation fof, in the formr =a +/b, wherea andb are constant
vectors and/ is a scalar parameter.

A third planeP 5 containsl and the point with position vect&0 + 7 + 3@ .

b) Find an equation foP 5, in the formr =u +av +bw , whereu, v andw are
constant vectors and and 6 are scalar parameters.

r:-a'+5k+/(-i+ 4+ 10 ), r=(-&'+5k)+a(-i+ 4+ 19 )+ b(10+j5+k7)
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Question 46 (****)

A triangle has vertices a(- 2; 2,0, B(6,8,6 andC(-6,8,19.

a) Find the area of the trianglaBC.

The planeP, contains the poinB and is perpendicular t&B.
b) Show that an equation &% is
4x+5y+3z=82.
The planeP , contains the poin€ and is perpendicular t&C.
¢) Find the size of the acute angle betwé&gnandP ,.

d) Show that the intersection &, andP , is

(/-6)i+ (20 2 )p (12+ 2.

larea= 90, [52.1°]
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Question 47  (****)
The plane quadrilateraABCD is the base of a pyramid with vertgx

The coordinates of the points, B andC are (5,19, (8,-2,0 and(4,- 1,6,
respectively.

If the equation of the fac&€DV is 2x- 3y- 162 85 ( determine the vector
equation of the lineCD.

1,

r=(4-j+&)+/(36+ 28k ) or -(14) +k6) U(i3b j1B )P
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Question 48  (****)
A straight lineL and a pland® have respective cartesian equations

L: x-3= 2 y¥ %(22 5 and P: 2x+ky+ z=13,

wherek is a constant.

Given that the acute angle betweerand P is 30°, find the possible values .

k=1 k=-17
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Question 49  (****)
With respect to a fixed origi® the pointA has position vectoDA=-4i+ j- X .

The straight lineL has vector equation
r UOA=5 - 1k .

a) Find, in terms of a scalar parametey a vector equation of .
Give the answer in the fornn =p +/q , wherep andq are constant vectors.

b) Verify that the pointB, with position vectorOB= 2 j3k , liesonL.

c) Find the exact area of the triangDAB.

—_5; ; -5
r--71+/(4-1+ R, area—ix/_E
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Question 50  (****)

The planesP; and P, have respective Cartesian equations
6x+2y+9z=5 and 10x- y 11z 4
a) Find the acute angle betweén andP ,.
b) Show thatP; andP, intersect along the straight line with equation
r=i-§+k +t( - 1p+ R ),
wheret is a scalar parameter.
The planeP 3 has Cartesian equation
5x+3y+11z= 2€.
c) Find the coordinates of the point of intersectibalbthree planes.

d) Determine an equation of the plane that passesghrthe poin{2,1,8 and is
perpendicular to bot?; andP 5.

75.5], |(-2,3%; 3|, [x- 12y+ 2z= §
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Question 51 (****)
The pointsP(2,2,] andQ(6,- 7; 1 lie on the plane® with Cartesian equation

cx+4y- 127z Kk,

wherec and k are constants.

a) Determine an equation of the straight libe which is perpendicular t& and
passing througtP .

The pointsA and B are both located oh and each of these points is at a distance of
26 units fromP .

b) Show that the area of the trianghBQ is approximately261 square units.

[ 1r=(3/+2i +(4 +2j +(1- 12k
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Question 52 (****)

The planeP; contains the origitD and the pointsA(2,0,- 1) and B(4,3,]).

a) Find a Cartesian equation Bf; .
The planeP , contains the poinB and has normal vector= i 8j -k .

b) Determine an equation of the plane in the farm=d .
The straight lineL is the intersection oP ; andP ,.
The pointP lies onL so thatOP is perpendicular td. .

c) Find a vector equation df .

d) Determine the coordinates &f.

Ix-2y+ 2z= O, |r (3 +j -k )=14, [r =4 +3 & +/{ % )|,

P(4,1- )
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Question 53 (****)
The following vectors are given

a=3i+4j +k
b=2i-5+ X
c=7i+2j- Xk

a) Show that the vectors are linearly independent.

b) Express the vect®i + 20 - & interms ofa, b andc.

9i+20- &= 2- P+c
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Question 54  (****)
The pointsA(0,2,1), B(8,6,0) andC(-4,1,1) form a planeP.

a) Find a Cartesian equation féx;.
The pointT (1,2,t) lies outsideP .

b) Show that the shortest distanceToffrom P is

%(Bt- 9)‘.

The planeP , has Cartesian equation
2x+y- 2z 7= 0.

c) Given that theT is equidistant fronP,; and P, find the possible values of

- x+ 4y+ 8z= 14, |t=-12,9
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Question 55 (****)

With respect to a fixed origi@, the pointsA(3,0,0), B(0,2,- 1) andC(2,0,] have
position vectorsa, b andc, respectively.

a) Calculate ACUOB.
The planeP contains the poin€ and the straight liné. with vector equation
(r-a)ub=o0,
wherea andb are constant vectors to be found.
b) Find a Cartesian equation Bf.
c) Calculate the shortest distanceRffrom O.
The pointD is the reflection of O aboutP .

d) Determine the coordinates &f.

-2 ¥ _&], [2x+y+22=4, [distance=_}, |D|

wloo
Wl
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Question 56 (****)
Relative to a fixed origirD, the pointA has position vectoa=i+ j2k .

The planeP has vector equation

r =a+/b +mc,
whereb= 2-k and c= 3-k.

a) Find a Cartesian equation Bf.

The pointP has position vector+5j - X .

b) Calculate, to the nearest degree, the acute aegheebn AP andP .

3x+2y+62=13, |31°]
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Question 57 (****)
The system of equations below has a unique solution

5x+ y+6z=9
3x+6y+2z=8
4x+2y- 9z= 75

a) Show thatz=-5 and find the values ok andy.

The straight lineL and the pland®> have respective vector equations

-29 -6 - 38 5 1
= -9 +t-2 and r,= -17+/ 3+m 6,
46 9 -29 4 2

wheret, / and m are scalar parameters.
b) Show thatL is perpendicular tdé .

c) Show further thatL meetsP at the point with coordinatg4,1,1).

v IR
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Question 58  (****)
The straight lineL has vector equation

3 -2
r=7 +/ 2,
0 -3

where/ is a scalar parameter.

The planeP passes through the poingég11,13,§ and B(15,12,5.

It is further given thaP is parallel to L.

a) Find a Cartesian equation f& and hence calculate the distance between
andP .

The straight lineM is the reflection ofL aboutP .

b) Determine a vector equation fiv .

|, [x+ay+2z=73, |distance= 2 2], [r =7 +23 +B +n{ - R+K3)
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Question 59  (****)
The pointP(1,3,8 lies on the plané® .

The straight lineL , whose Cartesian equation is given below alsodreB ;.

a) Find a Cartesian equation Bf; .

You may not use the vector product (cross prodogiart (a).

The point R(-2,— 2,k), wherek is a constant, lies on another plafg, which is
parallel toP.

b) Given that the distance betweén and P, is 3 units determine, in exact
fractional form, the possible values lof

You may not use the standard formula which fingésdistance between two parallel
planes in par{(b).

[ ] [ex+2y+3z=3§, k=13, k=3]

Created by T. Madas



Created by T. Madas

Question 60  (****)
With respect to a fixed origi®, four points have the following coordinates

A(-13 1, B(12-2, C(1,2,2 and D(kkK),
wherek is a constant.

a) Determine the shortest distance between the striangis AB andCD.

b) Find, in terms ofk, the volume of the tetrahedrohBCD.

| dmin =292], volume:%|3<- 5

Created by T. Madas



Created by T. Madas

Question 61 (****+)

The straight lineL has Cartesian equation

omYoa 2l
2 b
wherea andb are non zero constants.
The planeP has Cartesian equation
X+y-2z=12.

a) If L is contained byP , determine the value & and the value ob.

b) Given instead that meetsP at the point wherex=0, and is inclined at an

anglearcsin% to P, determine the value &.

]

wiho

a=50
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Question 62 (****+)

The figure above shows an irregular hollow shapasisting of two non-congruent,
non-parallel triangular face8BC and DEF, and two non-congruent quadrilateral
faces ABED and BCFE.

The respective equations of the straight lidd3 and DE are
n=-5+6§+k +/(2+B) and ry=-i+13+k + - 2+ - K ),
where/ and m are scalar parameters.

a) If the plane faceBCFE has equatior21x- 14y+ 20z= 11. determine an
equation of the straight linBE.

The straight lineBC has equation
rg=-i- §+k+nf 2 7+ K ),
wheresn is a scalar parameter.

b) Given further that the poire has position vectosi + 7] , determine the acute
angle between the plane faB&€FE and the straight liIn®&G.

[ ] |r=i+5 +& +t(2 +B)|, [g»13.5]

[solutions overleaf]
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Question 63 (****+)

The skew straight lines; and L, have vector equations

rn=(-13+k )+ /(- 8+ # K ),
r,=(5+25)+mM2- R+1B),

where/ and m are scalar parameters.
a) Find a vector which mutually perpendicularltpand L, .

You may not use the vector (cross) product in arieg@art ().

The pointA lies onl,; and the poinB lies onL,.

b) Given that the distanc@B is least, determine the coordinatesfofand B .

[ 1,/A(-3- 9 6)],|B(9,21,8
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Question 64  (*¥***¥)

The pointsA, B andC have respective position vectas b andc, relative to a
fixed origin O.

Show that the equation of the plane through B and C can be written as

(xi+y+k) @b+ k+ r)=ab &
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Question 65 (*¥***¥)
An irregular pyramid with a triangular bageBC has vertex at the poi .

The equation of the straight lin&C is
r=2+& +/(-j +Rk)
where/ is a scalar parameter.

The plane faceABV has equatior2x- 3y z 1.

If the point D lies on the plane facéBC and has position vect(%gi +%j +5% , show

that the equation of the linéB can be written as
r=3-j+&+mMe+p-16),

where 7 is a scalar parameter.

, |, |proof
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Question 66 (*****)

The straight linel; has vector equation
r=4-3+%+/(B- g+16),
where/ is a scalar parameter.

The planeP has vector equation
r(4+3+%)=17

The pointP is the intersection ofl; andP .

The acute angleg is formed betweerh; andP .

The straight lineL, lies onP , passes througR so that the acute angle betwegn
and L, is alsog.

Determine the value af and find a vector equation fdr, .

| | [g=307, [rp=i 4] +X +7(2 - 21 +15)
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Question 67 (*****)

With respect to a fixed origi®, the pointsA, B and C have respective position
vectors

a=3i+3j+%, b=61+% and c=3j+%,
so that the plan® containsA, B andC.
The straight lineL is parallel to P and has vector equation
r=(13-9)+/( ™+ b+ B),
where/ is a scalar parameter.
The pointP lies outside the plane so thAC is perpendicular td .
The pointQ lies onL so thatPQ is perpendicular ta. .

Given further thatP is equidistant fronP andL, find the position vector oP and
the position vector 00 .

p=-6i- &|,|g=-i+j+ &
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Question 68  (*****)

The figure above shows an irregular hollow shapasisting of two non-congruent,
non-parallel triangular face8BC and DEF, and two non-congruent quadrilateral
faces ABED and BCFE.

The respective equations of the straight lidd3, DE and BCare

n=-5+@+k +/(2+p)
rp=-i+13 +k + - B+ - )
rg=-i- §+k+nf 2+ 7+ k)

where/ , m andn are scalar parameters.
If the plane faceBCFE has equatior21x- 14y+ 20z= 11. and the pointG has

position vectorsi + 7], show that the acute angle between the plane B&eE and
the straight lineBG is

P _arccos
2

13
J3111

[solutions overleaf]
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