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3.11VectorPlanes

Question Paper

Course DPIBMaths
Section 3. Geometry & Trigonometry
Topic 3.11VectorPlanes
Difficulty Medium
Time allowed: 90
Score: /69
Percentage: /100
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Question 1a
4
Aplane Il contains the point A(3,9,—1) andhas anormalvector| =2 |.
2
a)

Findthe equation of the planeinits Cartesian form.

Question1b
Asecond point B has coordinates (=4, 1, = 3).

b)
Determine whetherpoint Blies on the same plane.

Question 2a
-2 5
Aplane [Ihasequationr=| 3 |+ A 5 +,u(21.
\2) \3) \7)
6 4
Alinewithequationr=| =2 |+ | 0 [intersects ITatapointQ.
vy \3)

a)
Write down the equations of the line and the plane in their parametric forms.
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[2 marks]

[2 marks]

[3marks]
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Question 2b
b)
Given that the coordinates of Q are ( 10, =2, 4 ) find the values for 5, A and u at the point of intersection.
[5 marks]
Question 3a
Considerthetwo planes H1 and H2 which can be defined by the equations
I :x+2y—2z=5
I, -3x—y+8z=1
a)
Write down expressions forthe normal vectors of each of the two planes.
[2 marks]
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Question 3b
b)
Hence find the angle between the two planes. Give youranswerin radians.
[5 marks]
Question 4a
The points A, B and C have position vectors a, b and c respectively, relative to the origin O.
The position vectors are given by
a=2i+3j-k
b=-i+2j+2k
c=i-4j+3k
a)
Find the direction vectors AB and AC.
[2 marks]
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Question 4b

Points A, Band C alllie on a single plane.

b)
Usetheresults from part (a) to write down the vector equation of the plane.

[2 marks]

Question 4c

c)
Find the Cartesian equation of the plane.

[4 marks]

Question 5a
2 3
Aplanelies parallel to thelinewith equationr=| =2 |+ | 9 |andcontains the points P and X with coordinates (5,4,5)

and(-2,2,0) respectively.

a) .
FindthevectorPX.

[2 marks]
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Question 5b
b)
By appropriate use of the vector product, find the normal to the plane.
[2 marks]
Question 5¢
c)
Hence find the Cartesian equation of the plane.
[2 marks]
Question 6a
Considerthe plane defined by the Cartesian equation 5x —3y— z=13.
a)
3 1
Show thatthelinewithequationr = [ 0 |+A| 4 |liesintheplane.
2 =7
[3marks]
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Question 6b
b)

Y
Show that the line with Cartesian equation x —2 = 5 =2 — zis parallel to the plane but does notliein the plane.

[3marks]

Question7a
Considertheplanes Hl , H2 and H3 , Which are defined by the equations

I 3x-5y+2z=27
11 —4x+y+2z=-10
H3:—2x—y—z= -1
a)

By solving the system of equations represented by the three planes show that the system of equations has a unique
solution.

[3 marks]
Question7b
b)
Hence write down the coordinates of any point(s) where all three planes intersect.
[1mark]
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Question 8a
Considertheline L with vectorequationr =(1 — 1)1+ (1 —2)j+ (3 +2A) kand the plane IT with Cartesian equation
3x-2y+z=11.

a)
Findthe angleinradians between the line L and the normalto the plane I1.

[4 marks]
Question 8b
b)
Hence findthe angleinradians between theline L and the plane I1.
[2 marks]
Question9a
Two planes Hl and H2 are defined by the equations
I1:3x-2y+4z=18
I =2x+y+2z=17
a)
Write down expressions forthe normal vectors of each of the two planes.
[2 marks]
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Question 9b

b)
Find the cross product of the two normal vectors.

[2 marks]

Question 9¢c

c)
Findthe coordinates of a point thatlies on both planes.

[3marks]

Question 9d

d)
Hence find a vectorequation of the line of intersection of the two planes.

[2 marks]
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Question10a

X y-3 , ) .
3d+l - 4 =5—zandaplane I1is defined by the Cartesian equation

—x+dy—4z= —29, where dis areal constant.

Aline L1 is defined by the Cartesian equation

Theline L1 liesinthe plane I1.

a)
Usethefact thattheline L1 liesinthe plane I1to find the value of the constant d.

[4 marks]
Question10b
Anotherline, Lz’ passes through the origin andis perpendicularto the plane I1.
b)
Write down the equation of line L2 invectorform.
[2 marks]

Question10c

c)
By considering the parametric form of the equation forL2, orotherwise, determine the point of intersection between line L2

andtheplane Il
[3marks]
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Question10d

d)
Hence determine the minimum distance between the plane I1 and the origin.

[2 marks]
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