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3.10 Vector Equations of Lines

Question Paper

Course DPIBMaths
Section 3. Geometry & Trigonometry
Topic 3.10 Vector Equations of Lines
Difficulty Very Hard
Time allowed: 110
Score: /87
Percentage: /100
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Question1
4 -1
Theline /has equationr=| 0 |+ A| —2 |andpointAhas coordinates (3, t, 2) .Given that the shortest distance between
3 5
645

pointAandthelineis units, find t,wheret€ 7.

15

[7 marks]
Question 2a
Alinel1 has the equation r = (2+21)i+(64—3)j+(5+24)kandintersects theline 12 with equation
r,= 514 (7 —4u)j+ (-3 —7u)k atpoint P,when 1 =3.
Athirdline I3 runs parallel to ]1 andalsointersects 12 atpoint X(t, t-2, =21).
(a)
Find the parametric equations of ]3.
[6 marks]
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Question 2b

(b)
Find the distance |PX].

[2 marks]

Question 3a
Considerthe twointersectinglines l1 and 12 defined by the equations:

AN

\11) k)
Cx+5 y+t z-20
2 2 -4 3

(a)
Given thatthe angle between 11 and 12 is 1.281 rad, correct to 4 significant figures, find the value of k ,where k € Z.
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[4 marks]
Question 3b
(b)
Find thevalue of ¢, giving your answer correct to 3 significant figures.

[3marks]

Question4
Considerthetwolines ]1 and ]z,where 11 passes through the points A(11, =2, 3)andB(4, 4, —5) and ]2 is defined by the
x+7 2y+9 z+4

3 6 -4

Cartesian equations

Findthe shortest distance between the two lines.

[8 marks]
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Question 5a
-2 2
Considerthe Iine]l as defined by the equation r, = 5 |+a -1
-8 3
Apoint P(r; t, —1) lies ata distance of 1/405 units perpendicular from a point X(17, 15, —8) on l1 )

(a)

Find all possible coordinates of P.

[6 marks]
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Question 5b

(b)
Giventhat t >0, write down the set of parametric equations that defines theline 12 that passes through points P and X.

[2 marks]
Question 5¢
-x—13 -y-9 z-4
Athirdline / is defined by the equations = = .
3 5 4 2
()
Determine the relationship between lines I2 and 13.
[3marks]

Question 6éa

Awheelchairrampis required to provide access to a building with a door thatis located 22 cmm above groundlevel. The
maximum angle that a ramp must be from the horizontalis 4.8°.

(a)

Calculate the minimum horizontal distance that the ramp must extend out.

[2 marks]
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Question 6b
The wheelchairramp s supported by a steel frame. Across section of theramp can be seen in the diagram below. Ametal
strutjoins M, the midpoint of [AC], to a point X on the line [AB]. [AB].XM=11.1cm and MXC=90°.

/}@
A C

M

(b)
Using the horizontal distance foundin part (a) and assuming that point Ais at the origin, use a vectormethod to calculate the
length XB.

[8 marks]
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Question 7a

Two drones XandY are being flown overan area of rainforest to look for signs of illegal logging. Their positions relative to the
observation centre, are given by

-3 2 2.5 1.5
r =161+t -2 [andr =| 0 |+¢ 6
X y

2.5 1 -2 4

attime t minutes aftertake-off, 0 <t <20.Alldistances arein metres.

(a)
Verify that the two drones will not collide.

[2 marks]
Question7b
(b)
Findthe shortest distance between the two drones and the time at which it occurs.

[6 marks]
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Question7c
2 3
Athird drone Z begins its flight at t = 8 andits position relative to the observation centreis given by r = 1.5 |+¢ 4
\45) \1)

Each drone can observe a circulararea of ground, A, suchthat A = 1.8h% where h is the height of the drone above the
groundin metres.

()
Show that the area of ground that can be observed by drone Z five minutes afterit takes off overlaps with the area of ground
that can be observed by droneY atthattime.

[6 marks]
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Question 8a

Considerthe tetrahedron ABCD, where A(3, 5, 8), B(-2, 3, 2), C(5, -1, 3) and D(-3, 0, 1). M is the midpoint of the line BC and
pointP lies alongthe line DM.

(a)

1
Given that the volume of the tetrahedron ABCP is - of the volume of the tetrahedron ABCD, find the Cartesian equations of

3
theline going through points Aand P.
[5 marks]
Question 8b
(b) Xis the midpoint of [AD].
Findthe coordinates of the point of intersection between the line foundin part (a) and the line going through [MX].
[5 marks]
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Question 9a

Acaris moving ata constant speed of 15 ms~'in the direction parallel to the vector 3i — 6j. Two birds are perched at points
A(17, 28, 16) and B(—48, 128, 26).

7./ 365
Att=0,thecarislocatedat(2, 4, 0) andthe bird at point A starts to fly at a constant velocity of BRI ms~. Thebird at

point B begins to fly at a constant velocity in the direction of the vector 521 — 60j — 9k when t=1.2.

When bird Areaches the position of (44, — 24, 4), both birds and the car liein a straight line.

(a)

Find the equation of the line along which the birds and car lie.

[6 marks]
Question 9b
(b)
Findthe speed at which bird Bis travelling.

[6 marks]
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