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248. 9709 520 qp_31 Q: 9
With respect to the origin O, the vertices of a triangle ABC have position vectors

OA=2i+5k, OB=3i+2j+3k and OC=i+j+k
(a) Using a scalar product, show that angle ABC is a right angle. [3]
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(¢) Find the exact length of the perpendicular from O to the line through B and C. [4]
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CHAPTER 7. VECTORS

With respect to the origin O, the points A and B have position vectors given by OA = 6i + 2j and
OB = 2i + 2j + 3k. The midpoint of OA is M. The point N lying on AB, between A and B, is such
that AN = 2NB.

(a) Find a vector equation for the line through M and N. [5]
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The line through M and N intersects the line through O and B at the point P.

(b) Find the position vector of P. [3]
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Relative to the origin O, the points A, B and D have position vectors given by
OA=i+2j+k, OB=2i+5j+3k and OD =3i+2k.

A fourth point C is such that ABCD is a parallelogram.

(a) Find the position vector of C and verify that the parallelogram is not a rhombus. [5]
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(b) Find angle BAD, giving your answer in degrees. [3]
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Two lines have equationsr =i+ 2j+k + A{ai+2j—k) andr=2i+ j—k + u(2i — j+ k), where ais a
constant.

(a) Given that the two lines intersect, find the value of a and the position vector of the point of
intersection. [5]
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(b) Given instead that the acute angle between the directions of the two lines is cos‘l(%), find the
two possible values of a. [6]
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With respect to the origin O, the position vectors of the points A, B, C and D are given by

. 2 . 4 ., 1 . 3
0A=(1), OB=(_1), ocz(l) and 01):(2).
5 1 2 3

(a) Show that AB =2CD. [3]
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(¢) Show that the line through A and B does not intersect the line through C and D. [4]
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Two planes have equations 2x+3y—z=1land x—2y+2z = 3.

(i) Find the acute angle between the planes. [4]
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(ii) Find a vector equation for the line of intersection of the planes. [6]
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254. 9709 _s19_qp_31 Q: 9

A X

The diagram shows a set of rectangular axes Ox, Oy and Oz, and four points A S@d D with

position vectors O j =3i, 0 ? = 3i +4j, R' =i+3j and? 2i +3j + Sk.

(i) Find the equation of the plane BCD, giving your answer in the forg
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(ii) Calculate the acute angle between the planes BCD and OABC. [4]
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The points A and B have position vectors i + 2j — k and 3i + j + k respectively. The line / has equation
r=2i+j+k+p(i+j+2k).

(i) Show that / does not intersect the line passing through A and B. [5]
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(ii) The plane m is perpendicular to AB and passes through the mid-point of AB. The plane m
intersects the line / at the point P. Find the equation of m and the position vector of P. [5]
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The line / has equation r = i + 2j + 3k + u(2i — j — 2k).

(i) The point P has position vector 4i + 2j — 3k. Find the length of the perpendicular from P to /.
[5]
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(ii) Itis given that / lies in the plane with equation ax + by + 2z = 13, where a and b are constants.
Find the values of @ and b. [6]

?‘j_']'PapaCambridge



"
] o
-"P:%p aCambrldge CHAPTER 7. VECTORS

257. 9709 w19 qp 31 Q: 7

Two lines / and m have equations r = @i + 2j + 3k + A(i— 2j+ 3k) and r = 2i + j + 2k + pu(2i — j + k)
respectively, where a is a constant. It is given that the lines intersect.

(i) Find the value of . [4]
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The plane m has equation x + 4y — 8z = 2. The plane n is parallel to m and passes through the point
P with coordinates (5, 2, —2).

(i) Find the equation of n, giving your answer in the form ax + by +cz =d. [2]
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(iii) The line / lies in the plane n, passes through the point P and is perpendicular to OP, where O is
the origin. Find a vector equation for /. [4]
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The line / has equation r = 4i + 3j — Kk + u(i + 2j — 2k). The plane p has equation 2x — 3y — z = 4.
(i) Find the position vector of the point of intersection of / and p. [3]

(ii) Find the acute angle between / and p. 00 [3]
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(iif) A second plane q is parallel to /, perpendicular to p and contains the point with position vector
4j — k. Find the equation of g, giving your answer in the form ax+ by + cz = d. [5]
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The point P has position vector 3i — 2j + k. The line / has equation r = 4i + 2j + 5K + u(i + 2j + 3Kk).

(i) Find the length of the perpendicular from P to /, giving your answer correct to 3 significant
figures. [5]
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(ii) Find the equation of the plane containing / and P, giving your answer in the formax + by + cz=d.

(5]
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Two lines / and m have equations r = 2i — j+ K + 5(2i + 3j — k) and r = i + 3j + 4k + #(i + 2j + k)
respectively.

(i) Show that the lines are skew. [4]
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(iif) Given that p is equidistant from the lines / and m, find the equation of p. Give your answer in
the form ax + by + cz =d. [3]

?‘j_']'PapaCambridge



"
] o
-"szp aCambrldge CHAPTER 7. VECTORS

262. 9709 _s18_qp_33 Q: 10

The points A and B have position vectors 2i + j + 3k and 4i + j + k respectively. The line / has equation
r=4i+6j+ui+2j-—2k).

(i) Show that / does not intersect the line passing through A and B. [5]
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The point P, with parameter ¢, lies on / and is such that angle PAB is equal to 120°.
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(ii) Show that 372 + 87+ 4 = 0. Hence find the position vector of P. [6]
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The planes m and n have equations 3x + y — 2z = 10 and x — 2y + 2z = 5 respectively. The line [ has
equation r = 4i + 2j + k + A(i + j + 2k).

(i) Show that ! is parallel to m. [3]

(ii) Calculate the acute angle between the plav@d n. [3]
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(iii) A point P lies on the line /. The perpendicular distance of P from the plane » is equal to 2. Find
the position vectors of the two possible positions of P. [4]
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The line [ has equation r = 5i — 3j — Kk + A(i — 2j + k). The plane p has equation
(r-i-2j).Bi+j+k)=0.

The line / intersects the plane p at the point A.
(i) Find the position vector of A. [3]
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(ii) Calculate the acute angle between [ and p. [4]
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(iii) Find the equation of the line which lies in p and intersects / at right angles. [4]
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265. 9709_m17_qp_32 Q: 6

The line / has equation r = i + 2j — 3k + A(2i — j + k). The plane p has equation 3x + y — 5z = 20.

(i) Show that the line / lies in the plane p. [3]
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(ii) A second plane is parallel to /, perpendicular to p and contains the point with position vector
3i — j + 2k. Find the equation of this plane, giving your answer in the form ax + by +cz =d. [5]
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266. 9709 _s17_qp_31 Q: 6

The plane with equation 2x + 2y — z = 5 is denoted by m. Relative to the origin O, the points A and B
have coordinates (3, 4, 0) and (-1, O, 2) respectively.

(i) Show that the plane mi bisects AB at right angles. [5]
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A second plane p is parallel to 1 and nearer to O. The perpendicular distance between the planes is 1.

(ii) Find the equation of p, giving your answer in the form ax + by + cz = d. [3]
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Relative to the origin O, the point A has position vector given by 5)4 =1i+2j+4k. The line / has
equation r = 9i — j + 8k + u(3i — j + 2k).

(i) Find the position vector of the foot of the perpendicular from A to [. Hence find the position
vector of the reflection of A in /. [5]
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(ii) Find the equation of the plane through the origin which contains /. Give your answer in the form
ax+by+cz=d. [3]
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The points A and B have position vectors given by 5)4 =i-2j+2k and Eé =3i+j+ k. The line /
has equation r = 2i + j + mk + u(i — 2j — 4k), where m is a constant.

(i) Given that the line / intersects the line passing through A and B, find the value of m. [5]
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(ii) Find the equation of the plane which is parallel to i — 2j — 4k and contains the points A and B.
Give your answer in the form ax + by +cz =d. [5]
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269. 9709 w17 qp_31 Q: 10

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

(i) Show that the lines do not intersect. [3]
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(iii) Find the equation of the plane which passes through the point (3, -2, —1) and which is parallel
to both / and m. Give your answer in the form ax + by + cz = d. [5]
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Two planes p and g have equations x + y + 3z = 8 and 2x — 2y + z = 3 respectively.

(i) Calculate the acute angle between the planes p and g. [4]

(ii) The point A on the line of j
of the plane which
your answer in the

p and g has y-coordinate equal to 2. Find the equation
nt A and is perpendicular to both the planes p and g. Give
y+cz =d. [7]
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1 2 2
The line / has equationr=| 2 |+A[ 1 |. The plane p has equationr.| -1 | = 6.
-1 3 -1
(i) Show that [ is parallel to p. [3]

(ii) A line m lies in the plane p and is perpendicular to /. The line m passes through the point with
coordinates (5, 3, 1). Find a vector equation for m. [6]
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With respect to the origin O, the points A, B, C, D have position vectors given by

— — — —
OA=i+3j+2k, OB=2i+j-k, OC=2i+4j+k, OD=-3i+j+2k.

(i) Find the equation of the plane containing A, B and C, giving your answer in the form
ax+by+cz=d. [6]

(ii) The line through D parallel to OA meets the plane with equation x + 2y — z = 7 at the point P.
Find the position vector of P and show that the length of DP is 24/(14). [5]

?‘j_']'PapaCambridge



nm

“JPPapaCambridge .

273.9709_s16_qp_32 Q: 9

The points A, B and C have position vectors, relative to the origin O, given by 5’4 =i+ 2j+3k,
Ee’ =4j+k and O_C>' = 2i+ 5j - k. A fourth point D is such that the quadrilateral ABCD is a
parallelogram.

(i) Find the position vector of D and verify that the parallelogram is a rhombus. [5]

(if) The plane p is parallel to OA and the line BC lies in p. Find the equation of p, giving your answer
in the form ax + by + cz = d. [5]
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The points A and B have position vectors, relative to the origin O, given by E)’i =i+j+Kkand
OB = 2i + 3k. The line [ has vector equation r = 2i — 2j — k + p(—i + 2j + k).

(i) Show that the line passing through A and B does not intersect /. [4]

(ii) Show that the length of the perpendicular from A to [ is [5]
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Two planes have equations 3x+y—-z=2and x — y + 2z = 3.
(i) Show that the planes are perpendicular. [3]
(ii) Find a vector equation for the line of intersection of the two planes. [6]
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The line [ has vector equation r = i+ 2j+ k+ A(2i — j + k).

(i) Find the position vectors of the two points on the line whose distance from the origin is 4/(10).

[51

(ii) The plane p has equation ax + y + z = 5, where a is a constant. The acute angle between the line
! and the plane p is equal to sin”! (%) Find the possible values of a. [5]
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277.9709_s15_qp_31 Q: 6

The straight line /, passes through the points (0, 1, 5) and (2, -2, 1). The straight line /, has equation
r="7i+j+k+p(i+2j+5Kk).

(i) Show that the lines /; and [, are skew. [6]

(i) Find the acute angle between the direction of the line /, and the direction of the x-axis. [3]
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The points A and B have position vectors given by OA =2i- j+3kand OB=i+ j+5k. The line /
has equation r =i+ j+ 2k + u(3i + j — k).

(i) Show that / does not intersect the line passing through A and B. [5]

(ii) Find the equation of the plane containing the line / and the point A. Give your answer in the
formax +by+cz=d. [6]
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Two planes have equations x + 3y — 2z = 4 and 2x + y + 3z = 5. The planes intersect in the straight

line /.
(i) Calculate the acute angle between the two planes. [4]
(ii) Find a vector equation for the line /. [6]
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The points A, B and C have position vectors, relative to the origin O, given by
3 1

1].
4

1
04 = (2) OB = (0) and OC =
0 1
(i) Find a vector equation for the line passing through 4 and B. [2]

The plane m is perpendicular to AB and contains the point C.

(ii) Obtain the equation of the plane m, giving your answer in the form ax + by + cz = d. [2]

(iii) The line through A and B intersects the plane m at the point . Find the position vector of N
and show that CN = 4/(13). [5]
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281. 9709_wl5_qp_33 Q:8

A plane has equation 4x —y + 5z = 39. A straight line is parallel to the vector i — 3j + 4k and passes
through the point A (0, 2, —8). The line meets the plane at the point B.

(i) Find the coordinates of B. [3]
(ii) Find the acute angle between the line and the plane. [4]

(iii) The point C lies on the line and is such that the distance between C and B is twice the distance
between A and B. Find the coordinates of each of the possible positions of the point C. [3]
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