Vectors Questions

*UPM Ex2B Q3,4,6,7,9,10,11,13,18,19,20

3. If ai + 8jis parallel to 2i + 4j, find the value of a.
4. Ifa = i + 2j find &, a unit vector in the direction of a.
5. Ifb = 3i — j find b, a unit vector in the direction of b.
6. Find a vector that is of magnitude 39 units and is parallel to 5i + 12j.
7. Find a vector that is of magnitude 3./5 units and is parallel to 2i — j.
8. Find a vector that is of magnitude 2 units and is parallel to 4i ~ 3j.
9. If the point P has position vector 2i + 3j and point Q has position
vector 7i + 4j, find: (a) PO, (b) QP.
10. If the point P has position vector 7i — 3] and point Q has position
vector 5i + 5, find: (a) PQ, (b) QP.

I1. The point P has position vector —5i + 3j and Q 1s a point such that
ITQ' = T7i — j. Find the position vector of Q.

12. The point P has position vector 3i — 2j and Q is a point such that
QP = 2i — 3j. Find the position vector of Q.

5
13. Usinga = (3) and b = ( B ‘) as base vectors, express the vectors

¢ = (;) and d = (_f) in the form Aa + ub.

I8. The point K has position vector 3i + 2j and point L has position vector
i + 3j. Find the position vector of the point which divides KL in the
ratio {(a) 4:3, (b) 4:- 3.

19. The three points A, B and C have position vectors a, b and ¢
respectively. If e = 3b — 2a, show that A, B and C are collinear.

20. The three points A, B and C have position vectors i — j, 5i — 3j and
Hi — 6 respectively. Show that A, B and C are collinear.

ANSWERS Ex2B
1.OA =2+ 3,08 = 3,0C = =i + 3,00 = -3i + 2j,0F = -2 - j.
OF = =2 - 2j.0G = —2j,0H = 3 — 3
2.(a) (i) 4 + 3j (i) Sunits (i) 368"  (b) (i) —4i + j (i) 412 units (iii) 14°
(¢) (i) 28 = 3j (i) 3-61 units (iii) 563°
L4 420+ SXD0I-) 615+ 36 76— 3
8.34i —3) 9 (@Si+j (b) -Si—j 10.(a) ~2i + 8 (b) 2 — 8§
.24 +2) 120 +]
138+ 2b, Aa+#Hb 14 (a) JIO (b) /5 () Si (d)S

15. (a) (_‘;) ® S (© (_;) ) J58 16.6i+j 17, (:f)
18.(a) 191+ 24) (b) =Si+ 6 21. C,Eand F



*UPM Ex2CQ1,3,5,6,8,11,12,15,16

.LIfa=i+2b=i-2¢=2~ 3jandd = 6i + 3j, find which
two of these vectors are perpendicular to each other,

2.e= —i—=3f=0i+3,g= -3i - 2jand h = 6i — 9j, find
which two of these vectors are perpendicular to each other.

3. Find the angle between the vectors a and b given that a = 3i + 4j and
b = 5i + 12j. (Give your answer to the nearest degree.)

4. Find the angle between the vectors ¢ and d given that ¢ = 5i — jand
d = 2i + 3j. (Give your answer to the nearest degree.)

5. Find the angle between the vectors e and f given thate = —i — 2j and
f = 2i + j. (Give your answer to the nearest degree.)

6. If the angle between the vectors ¢ = ai + 2jand d = 3i + jis 45" find
the two possible values of a.

8. The points A, B, C and D have position vectors 5i + j,
—3i + 2j, —3i — 3jand i —6j respectively. Show that AC is
perpendicular to BD.

9. The points E, F and G have position vectors 2i + 2j, i + 6j and
—Ti + 4j. Show that the tnangle EFG is right-angled at F.

10. The points A, B, C and D have position vectors a, b, ¢ and d
respectively wherea = —2j,b = —2i + 4j, ¢ = 3i + 4jand
d = 4i + yj. If AC is perpendicular to BD, find the value of y.

11. The points A, B, C and D have position vectors —2i + j, 7j, 3i + 6j
and xi 4+ yj respectively. If IA_(fl - Iﬁr)l and AC is perpendicular to
BD, find the two possible values of x and the corresponding values of y.

12. Ifa = (_Z) find: (a) a unit vector parallel to a,
(b) a unit vector perpendicular to a.

15. IfOA = 2a + 3band OB = 3a — 2b show that
OA .OB = 6a® + 5a.b — 6b%.

16. If OC = 2a + 3band OD = 2a — 3b show that
OC .0D = 4a® — 95°.

ANSWERS Ex2C

l.band d 2Z.gand h 3 14 4. 68* S 14y 6. —4orl
To{a) x* + P =25 b)2x+y=0 ()x=2 (ddx+y=29 10. 1

ILx=5y=2x=-5y=12 I () (_g) (b) tG) 13. (a) (_7:;%) ®) *(z?)

14.(a) =3i + 4 (b) —6i — j (c) 9 — 3j (d) 35 117,28 17.(b) 23 18 131°
1904 20 }§/13 2. 9/5 22 (b) k7, 2k /2



*UPM Ex17AQ1,2,4,6,7,11,12

1.1fa =9 - 2j —6k,b= 21~ 6] + 3kande = 2i - j + 2k find
(a) la] (b) bl (c) |e|] (d)a.b (e)b.c
(f) the angle between a and b (1o the nearest degree)
(g) the angle between b and ¢ (to the nearest degree).

i -2
Llflﬂ(l)andb-( ])ﬁnd
3 |

(a) |a] (b) |b] (c) the angle between a and b (to the nearest degree).
3 Ifa=3i + 4f + 12k find 4. a unit vector in the direction of a.

4
4. Ifb = ( 4) find I;. a unit vector in the direction of b,
-7

5. Find a vector that is peipendicular to 51 — j + 2k

6. Find a unit vector that is perpendicular to i + 2j — 3k.

7. State which of the vectors a, b, ¢ or d listed below are perpendicular to
the vector r = —2i + 4j + 6k.
a= -3Ji+2j+k b= —i+ 2+ 3k
c=3N+3-k d=4i — j + 2k

11. Points A, B and C have position vectors 21 + 3j — k, 3i + 6) — 3k and
5i + 12j — 7k respectively. Prove that A, B and C are collinear.

12. Points A, B and C have position vectors i + 2j — 3k, 3i + j — 5k and
2i — k respectively. Prove that angle BAC is a right angle.

ANSWERS Ex17A

L(a Il (b)7 ()3 (d) 12 (e) 16 () 81" (g) 40"

]
Z.(a) J1I (b) /6 () 76" 3. A+ ) + Bk i( i)
—%

S.i+j- 2k isoncexample 6. (i +j+ k) is one cxample

7.candd 8 14;:-2:5 4, -A. & 9 1:2:-2
10. (a) 2i — 3j + 6k or any multiple thereof (b) 4, —4.§  (c) ¥(2i - 3] + 6k)
15. 36°, 68°, 76 17. 4a + b ~ 2¢ I18. Ja = b + 2¢



*UPM Ex17C Q1-4,6,7,93,10-13,15-17,19,20ac

1. State the vector equation of the line which is parallel to 21 + 3j — k
and which passes through the point A, position vector | + j + k.

2; State the vector equation of the line which passes through the point B,

-1 |
position vector ( 2) and which is parallel 1o the vector (2)
1 3

3. State a vector that is parallel to the line with vector equation
r=3i+4f + k + A2 + 5§ + 3k).

4. Show that the point with position vector 4i — j + 12k lies on the line
with vector equation r = 2i + 3j + 4k + Al — 2j + 4k),

5 -4 8
S. Points A, B and C have position vectors (2) : ( 5) and (l)
3 -1 7

respectively. Find which of these points lie on the line with vector

er- ()4

6. Points D, E and F have position vectors i ~ 2j, 4i — j + 3k and
7i — 8j — 4k respectively. Find which of these points lie on the line with
vector equation r = (20 — 3] + k) + A(l — J — k).

7. If the point A, position vector ai + bj + 3k, lies on the line L, vector
equationr = (2i + 4j — k) + A(i + j + k), find the values of @ and b.

9. Find the cartesian equations of the lines with vector equations
(a) r =20 + 3j — k + A2 + 3j + k),
(b) r=3i - j+ 2k + u(3i + 2§ — 4k),
C)r=2i+j+k+ n2i —j— k).
10. Find the vector equation of the line with parametric equations x = 2 + 34
y=95-21
=4 -4
11. Find the vector equations of the lines with the following cartesian
equations
Kiag P33 21 craayt2 _2z-3
@ =3 3 3 ©)x—3="3 =
12. Lines L, and L, have vector equationsr = 8i — j + 3k + A(—4i + })
andr = -2 + 8] — k + pu(i + 3j — 2k) respectively. Show that L,
and L; intersect and find the position vector of the point of intersection.




13, Lines L; and L; have vector equations

1 B 5 wd
r= 31+ Al0)andr=|3]+ u|l O)]respectively. Show
-2 1 8 2

that L, and L, intersect and find the position vector of the point of
intersection,

15. For cach of the pairs of lines given by the following vector equations
state whether the lines are parallel lines, non-parallel coplanar lines or
skew lines.
@r=3I+2J+4+ A +2J-kandr=2+4j - k + u3i + 6j — 3K).

)y r=2i+3+k+ AMi+3J+2kandr=Ti + 3j + 5k + p(~i + 2j).
(© r=2i—3—k+ A~i+3j+2kandr=3i + 7 + 6k + u(3i + 4] + 2k).

r=i—-2j+4k + AB1I + j+ Xk)andr = —8i + 2j + 3k + u(i — 2j — k).
16. Find the acute angle between the lines with vector equations
r=2i+j-k+ A2 +3j+o6k)andr = i + 2j — 3k + u2i — 2j + k),
giving your answer 1o the nearest degree,
17. Find the acute angle between the lines whose equations are
x-42_)' 3 3 .:—|l and : I . L = ':;,givingyour
answer 1o the nearest degree.
18, The vector equations of three lines are:
linel r=3i -2 —k+ A=i + 3j + 4k)
line2 r= =2+ 4]+ k + p(—1 — 2k)
line3 r= =2+ j+ n2 - 3j + 3k)
(a) Show that lines | and 2 intersect and find the position vector of the
point of intersection.
(b) Show that lines 2 and 3 intersect and find the position vector of the
point of intersection.
(c) Find the distance between these two points of intersection.
19. Two lines L, and L, lic in the x—) plane and have cartesian equations
y = mx + c,and y = myx + ¢, respectively. Show that the vector
equations of L, and L, can be written

v ()= ) 4a) v = ()= )+ o)

Use vector methods to show that if @ is the angle between L, and L,

then tan 0 = _'!!_-_'."_3.
I + mm,

(i.c. obtain the result of page 380 by vector methods).

20. For each of the following parts find the perpendicular distance from the
given point to the given line,

4 3 |
(a) the point with position vector (2) and the liner = ( I) +).(— l)
2 -1 2

(b) the point with position vector 3i + j ~ kand theliner = i ~ 6j ~ 2k + A(i + 2j + 2k)

() the point (1, I.3)andthclincx;4-y'; ! -3 !

(d) the point (~6, 4, —5) and the linc x — 5 = $ -

z2—-3
4




ANSWERS

page 420 Exercise 17C

ad |
Le=i+j+k+4A+3-k Z.r-( 2)+l(2)
1 3

3 2 + 5§ + 3k ormultiples thereof 5. BandC 6. F 7. 6,8
B.(a)d+3) -3k (b)r=2d-j+k+ A3+ 3 - 3k
=2 _7=3_ g%l

Cytl_z=2 x=2_y-1_

9. (a) = 3 ] (b)xj“-—3 === O =5 =
0.r=2+5+4k+A0i-2-Kk
L@r=d+2~k+A01+2J+4k) (D)r=3i -2+ 3k+ Al +4f -k

9
12. <4i + 2) + 3k ll(3>
0

14. (a) (5,0, 1) (b) lines do not intersect (c) (4, 5,9) (d) (12, -3, 3)

15. (a) parallel (b) non parallel coplanar (c) skew (d) non parallel coplanar
167" 1.6 18 (a)i+4j+ Tk (b) -4 +4f - 3k (c) 5/5 units
20. (a) /S units (b) 3/2 units (c) /11 units (d) 4,/6 units

21, (a) $/21 units (b) 4,/14 units

22. $/35 units 23, (a) /3 units (b) 3,/21 units
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Simplify as much as possible:
(a) 3ixj
(b) 2i x (i+j+k)

(© G x G+ R+ &+ x G-k
@ (+2j-k)xQi—j+k

(©) (20— 3j+K) x (—i+2j — 4k)

() (i—j+Kk)x (3i—3j+3Kk)

10

(g) (2i+j— 2k) x (—3i+4k)

(h) (2i + k) x (i~ 2j+ 3Kk)

) (2i+3j—k)x(2i—j+3k)

(i) (—i+2j— 3k) x (5i —4k)

Find a unit vector which is perpendicular to the vector

(4i + 4j — 7k) and to the vector (2i + 2j + k). [L]

Find a unit vector perpendicular to both 2i — 6j — 3k and
4i+3j— k.

Find a vector of magnitude 7 which is perpendicular to both

2i+j—3kandi—2j+k.
Find the magnitude of the vector (i +j — k) x (i — j+ k). [L]

Given that a = —i + 2j — Sk and b = 5i — 2j + k find

(a) a.b

(b) a x b

(c) the unit vector in the direction of a x b. [L]
Find the sine of the angle between a and b where

@a=2—j b=itj-k

(bya=i+j+3k b=-i+3k

(©) a==2i+j+k b=i+2j+2k

(d) a=i-2j+3k b=2i-j+3k

() a=—i—-2j+K, b=2i+3j—k

Given thata = i + 2j — 2k and b = pj + gk and that

a x b = 2j+ Ak, find the values of the scalar constants p, ¢

and A.

Given thatu = 2i — j + 2k, v = ai +- bk and u x v =i+ ck, find
the values of the scalar constants g, b and ¢. Find, in surd form,

the cosine of the angle between u and v.

Given thatr = ai + bj + ck,k xr=p, rép =Kk, where a, b, ¢
are scalar constants, show that )
A4+b =1 and ¢c=0



ANSWERS

Exercise 6A

1 (2) 3k (b) —2j+ 2k
(c) 2k (d) i—3j— 5k
(e) 10i+7j+k (f)0

(g) 4i—2j+3k (h) 2i —5j— 4k
(i) 8i—8j—8k (j) —8i —19j— 10k

2 55—} 3 L(3i - 2 + 6k)
4 S(i+j+k 5 24/2
6 ) 14 (b) —8(i + 3j + k)

(©) = @+3j+k)
7@V GVE @
(d) % (e) &

8;):2, q:_Z’ /1:2
9 a=-1, b=-1, c=-1 -2
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‘1 Find the area of the triangle with vertices A (0, 0,0), £(1.2,1)
and C(-1,3,3).

2 Find the area of the triangle with vertices 4(—3, 1,4), B(0,0,0)
and C(-2,3,—1).

131 Find the area of the triangle with vertices A(1, -2, 3),

© B(-1.-1,4)and C(-2,1,5).

4 Find the area of the triangle with vertices A(2, -1, —1),
B(~2,1,~3)and C(1, -1,0).

;‘5 Find the area of the triangle with vertices 4(—1,3,1), 8(2,2,-3)
and C(=1,3, —4).

6 Find the area of the parallelogram ABCD where A is the point

with coordinates (1, 2, —3), B is the point with coordinates
{—1,3,—4)and D is the point with coordinates (1, 5, —2).

D > 8
\\\%\
.
i \\\
A fi

7 Find the area of the parallelogram 4 BCD in which the vertices
A, #and D have coordinates (—1,2,1), (3, 1, 2)and (5. 1, —0)
respectively.

B Find the area of the triangle with vertices 4(3,—1,2), B(l, -1,3)
and C(4, -3, 1).

Find the volume of the parallelepiped ABCDEFGH where the
vertices A, B, D and E have coordinates (0,0, 0), (5. -2, 3),
(2, -3,4)and (3, — 1., —2) respectively.

_iﬂl The points 4, B, C, D have position vectors
a=(2i+]) b=(3i—j+k)
c=(-2j-k) d = (2i — j+ 3k)

respectively.
{a) Find AB % BC and BD x DC.
{(b) Hence find

(i) the area of AARC
(ii) the volume of the tetrahedron 48CD. [L]



11 Relative to an origin O, the points P and Q have position vectors
p and q respectively, where
p=ali+j+2k) and gq=a(2i+j+ 3k)and a = 0.
Find the area of triangle OPQ. . [L]

12 Referred to an origin O, the points P and Q have position
vectors 3i — 3k and i 4+ 2j — 7k respectively, Find
(a) OP.0Q
(b) OP x 00
(¢) the size, in degrees to 0.1°, of / POQ
(d) the area of AOPQ.

13 Referred to O as origin, 04 = 3i + j — 2k, OB = i — 2j + 3k
and OC = —i + 4j + 2k.
(a) Show that AB is perpendicular to oc.
(b) Find the area of AOARB.
{c) Calculate the area of A ABC.

‘14 The points A(1, —1,-1), B(-1,1,-1), C(-1,—1, 1) and
D(1,1,1) are given referred to a fixed origin O.
(a) Show that ABCD is a regular tetrahedron.
(b) Find the volume of ABCD.

15 Find the volume of the tetrahedron with vertices at the points
{15 3! _1}: {21 2: 3)! (41: 2* _2} and (31 ?14}

16 A tetrahedron has its vertices at the points O(0,0,0),
A(=1,1,2), B(1,2,—-1)and C(0, 1, 3).
(a) Determine the area of the face 48C.
(b) Find a unit vector normal to the face ABC.
(¢) Find the volume of the tetrahedron.

17 Find the volume of the tetrahedron with vertices (0, 1,0),
{[}: {}1 _4): (23 - 1 ' 3}: (21 _11- 2)



18 The tetrahedron ABCD has vertices A(1, —1,0), B(0, 2, —1),

19 A tetrahedron O.4BC has its vertices at the points O(0,0,0),
A(1,2,-1), B(=1,1,2)and C(2, —1, 1).
(a) Write down expressions for AB and AC in terms of i, jand k
and find A8 x AC.
(b) Deduce the area of AABC.
(¢) Find the volume of the tetrahedron OABC. v [L]
20 The edges OP, OQ, OR of a tetrahedron OPQR are the vectors
a, b and ¢ respectively, where
a=2i+4dj
b=2i—j+3k
¢ =4di—2j+ 5k
(a) Evaluate b x ¢ and deduce that OP is perpendicular to the
plane OQR.
(b) Write down the length of OP and the area of AOQR and
hence the volume of the tetrahedron.
(€) Verify your result by evaluating a.(b x ¢). L]
ANSWERS
E’“—‘j’:;-""* 68 N 13 ) LA (© 213
Ve REVE] )
13 s s L B S VRS E: 15 12
5/10 f
§ 2% 62v14 7634 841 16 (2) 33 (b) £-(i- 5~ k)
4
9 39 (c) 5
10 (a) 5i—j- 7k, 2i- 8§ +k 17 |
CIEOE 18 (a) V2 ©) 3
&L 19 (2) —2i—j+ 3k, i—23j+2% Ti+7+7%
- (b) 1v/3 © 1
12 (a) 24 b) 6i + 18] + 6k s ;
(o) 6i+ 13 0 @i+ (b)) 25, Ly S

Cl:{}: 2: l}, -D(_ 11 35 ﬂ)
(a) Find the area of face BCD.
(b) Find the volume of the tetrahedron.

(c) 39.7° (d) 31
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f,,]’XFind, in the form (r — a) x b = 0, an equation of the straight line
passing through the point with position vector a and which 1s
parallel to the vector b where:
ya=2i—j+k b=-i+j-2k
'(b}a =i—2k, b=2i+3j
,{“{:} a=i—5+2k, b=2i+j-3k
(d)a=i—j+4k, b=3i-2j+Kk

;2 Find, in the form (r — a) x b = 0, an equation of the line passing
~ through the points with coordinates
Aay (3,2,5),(9,517)
j@j (1, -2, ~1), (2, =4, —4)
E) (=4, =3,11),(0, =3, 1)
(d) (3,-2,3),(~1,0,1)

3/ Find an equation, in the form (r — a) x b = 0, of the line given
by the equation, where 4 18 a scalars
,{a} r=i—j+2k+A2i-j+Kk)
{bj r=—i+3j+k+ A(—i—-3j- 4k)
Ac) r=1i—4k+ AQ2i+j—2k)
(d) r=2i —j+ 3k + A(=3i+ 2

ﬁ"'JFind in the form r.n = p an equation of the plane that passes
through the point with position vector a and 1s perpendicular to

__the vector n where:

' a=i—j+2k, n=2i+4j-Kk

.;'(ja—31—1+4k n=—i+ 3j—4k

) a=2i+j—k n=2i+3j—4k

(d)a_21+]+2k n=-3i+Kk

‘(Et)ﬂ*4l—j+3k n=6i +4j — 2k

D

5 Fmd a cartesian equation for each of the planes in question 4.
It




4 Verify that the point with position vector a lies in the given plane
ﬂ___[j p scalars) where:
a=2j+k r=i+2j+k+Aii-j+k +pCi-j+k
Dy a=i—j+k r=i+3j—k+i(-i+i-2K+p-i-j-k
(c) a=24i +25 -9k, r=2i—3j+k+A(Ti+35j~ 2k) + p(3i — 4j + k)

’/7/ Find (i) an equation of the form r = a + Ab + ue (ii) a cartesian
equatmn of the plane passing through the points:
@(1 ~1, i} (2, -4,3),(0,1, -3)
(b) (4,7,-1),(1,1, —4), (2, =2, 3)
ROHCE! _1), 2, 6, —2), (3, —3,0)
C(d) (2,0, -3), (1,4, -1),(2, —1,0)

5,3/ Find a cartesian equation of the plane containing the points:
& a.1,1,2 10,02 -1)
(b) (2.1, =1), (=2, -1, =5), (0, —4, 3)
¥ (1,1,2),(3,4,1), (=5, 1, -1)
(d) (4,0,0),(0,3,0), (0,0, - 1)

y"i:ind the coordinates of the point of intersection of the line / and
the plane IT where
(V&ﬁ/ [: r=1—2j+k+ t{—i+ 2k),  scalar
II:r.2i+j+2k) =4
(b) I: r=135i—2j— 3k + #(2i — 3j — 5k),  scalar
II:r, (61 + 2j — 5k) = 10

ﬁ; ‘Find an equation of the plane, in the form r.n = p, which

j
i
h
o -

" contains the line / and the point with position vector a where
[: r=12i+3—k), a=i+d4k
(b) I: r=4i+j—2k+t(~i+j+4k), a=—i+j+2k

(©) I: r=-2i+3j—k+#2—j—3k), a= 3i+j+2k

H 'Find a cartesian equation of the plane which passes through the
~ origin O and contains the line with equations
x-=1 y—=-2 z-3
2 3 4




e : Referred to an origin O, the points A, B, C have coordinates
' (3,2,0), (1,0, 1), (2,2, 2) respectively.
(a) Find a cartesian equation of the plane ABC.
(b) Show that D (4,4, 1) lies in the plane.
(c) Show that 4B and DC are parallel.
(d) Find the coordinates of the point where the lines 4C and BD

meet.
ANSWERS
Exercise 6C I 2
L@rx(-i+j-2k)=i+3+k 3@ jr—| 11| x{ =1
(b) rx(?i+3j)=6i - 4j+ 3k 2 1

() rx(2i+]j—3k) =13+ Tj+ 11k .
(dyrx(3i—-2j+k)=T7i+11j+k (b) {r—( 3) ™
/3 -
2 {a) [r— {2 '
I 5

1
(b) (r—| =2

4 (a) r.(2Zi+4j— k)= -4
) —0 (b) ro(—i+3j—4k) = =22
~1

4
0
0 (c) r.(2i+3j—4k) = 11
(d) r.(=3i+ k)= -4
: ) -0 (€) r.(6i+4j— 2k) = 14
(a) 2x+4y —z=—4
(b) —x+3p—dz=-22
() 2x+3y —dz =11
d) —3x+z=-4
() Ix+2y—z=7

n



1 1 1
T@@Wr=| 1]+ =3)<ul 2
1 2 —4

(ii)8x + 2y — z — §

4 | —3
(b) (1) r= T) +ﬁ.(2 +|u(—9)
. —1 I 4

(ii) 17x — 6y — 5z = 31

8 —6 5
(©) {i}r:( 1)”,( 5 +H(_4)
-1 -1 1

()x+ 11y +49z = -30

2 -1 0
@@ @r={ 0)+i[ 4] +u| -1
-3 2 3

(i) 14x + 3y + 2z =25

8@ x+y+z=13
(b) Tx —6y—4z =12
(c) 3x —dy —6z+ 13 =1
(d) 3x 44y — 24z = 12
9 (@0 -2,3) (b(3.12)
10 (a) r.(4i—3j - k) =0

4
(byr.| =16 | = —10
5
9
() r. {3 | =-14
)

11 x—2p+z=
12 (a) 4x -3y +2x =6
(d) (23.2,1)



*P4 book page 236 Ex6D Qlac,2ac,3,4ab,5ab,6,7,8ab,11,13-17,19,20,21

,f{/ Find the distance from the origin to the plane with equation:
é‘i(h +j—3k)=3
(b) r.(=3i+j+ 6k) =24
AS) r.(5i— 10+ 4k) = 17
(d) r.(3i + 12j — 4k) = 62
Ay x—y+2z=15
2 Find the distance from the given point to the given plane:
) (1,2,-3), r(i+2i-k)= 23
(b) (1, -3,2), r.(2i—j+3k) =46
fe) (4,1,-7), 2x+46y—3z=14
(d) (1, -3,5), r.(4i—2j—4k)=10
/fc] (4, -8, —1), dx+y-— 7z =42
3" Find the position vector of the point where the line with -
equationr =i+ j— 2k + A0 + 5k) cuts the plane with equation

r.2i+j-k) =2

4 Find, in degrees to 0.1°, the acute angle between the given line
and plane:
(a) r=i-2k+ Ai+j—3k) and r.(2i—j+ 4k) = 10
(b) r=3i+j— k+ A4 —Tk) and r.(—i+4j—6k) =24
e) r=—6i+2j— 4K 4 A(—=2i + 3j— 6k) and r.(2i — 6]+ 5K) = 63
A Find, in degrees to 0.1°, the angle between the planes with
equations:
A8 ri+2j-2%) =3 and rQi+2-K =56
@) ri—j-vk =5 and r.(7+k =10
() x—=2y—5z=7 and 3x+7y-z=4
6 Find the distance from the origin to the plane with equation
r.(2i-2j+k) =6
‘f " Find the cosine of the acute angle between the planes with
equations 2x + 3y — 4z = Sand 6x — 2y -3z =4



8 Find a vector equation of the line of intersection of the planes
with equations.
Aa) r.(2i+j—3k)=28 and T (4i - T7j+ k) =31
..-.{ﬁ}x—l—ﬁyﬁ—z:—io} 3Ix+2y—z=-1
(©) r.(i+2j+k)=-5 and r.(2i-3j+k)y=15

/J) Find, in degrees to 0.1°, the acute angle between the planes with
equations 3x +4y+2z=T7and 2x - 3y +z = 9.

10 Find the distance of the origin from the plane with equation
r.(3i — 4j — 12k) = 26.

J-r;_}r’ﬂ(a] Find, in cartesian form, the equation of the plane IT which
passes through the origin and contains the line with

equations

2 3 4
(b) Find, in degrees to 0.1°, the acute angle between I7 and the

plane with equation
dx+y—z=3

12 A line has equation
r=3i—5+2k+A2i-4j+ k)
and a plane has equation
r.3i—j—5k)=1
Find the acute angle between the line and the plane.

.13 “The planes with equations
2x—y+3z+3=0 and x+ 10y =21
meet in a line L.
The planes with equations
2x—y=0 and Tx+:z=6

meet in a line M.
Show that L and M meet at a point. Show further that L and M
both lie in the plane with equation x + 3v +z = 6.



14 Referred to a fixed origin O, the lines /, and /; have equations

r=3i+6j+k+s2i+ 3 —k)
and. r=3i—j+4k + (i — 2j + k)
respectively, Whi‘:]_‘ﬂ sand 1 are scalar parameters.
(a) Show that/, and /5 inte‘;sect and determine the position
vector of their point of intersection.
(b) Sh;}w that the vector —~i + 3j + 7k is perpendicular to both /,
and /5.

L

(c) Find, in the form r.n = p, an equation of the plane
containing /; and /. [L]

15 With respect to the origin O the points 4, B, C have position

16

,__.s"':sides of, this plane.

vectors
5i—j—3k —4di+4j-k Si-2+ 11K
respectively. Find
(a) a vector equation for the line BC
(b) a vector equation for the plane OAB
(c) the cosine of the acute angle between the lines OA4 and OB.

Obtain, in the form r.n = p, a vector equation for I1, the plane

which passes through A and 1s perpendicular to BC.

Find cartesian equations for

(d) the plane IT

(e) the line BC. L]

Show that
r=a+s(b—a)+1(c—a)

is an equation of the plane which passes through the non-
collinear points whose position vectors are a, b, ¢, where r is the
position vector of a general point on the plane and s and 7 are
scalars. Find a cartesian equation of the plane containing the
points (1,1,-1), (2,0, 1) and (3, 2, 1), and show that the points

(2,1,2) and (0, -2, —2) are equidistant from, and on opposite
(L]



-14 A plane passes through the three points 4, B, C whose position

; vectors, referred to an origin 0, are (i + 3j + 3k), (3i +j + 4k),
(2i + 4j + k) respectively. Find, in the form (/i + mj + nk), a unit
vector normal to this plane. Find also a cartesian equation of the
plane, and the perpendicular distance from the origin to this
plane. [L]

18 Show that the vector i + k is perpendicular to the plane with

vector equation

r=i+sj+1({i—Kk)
Find the perpendicular distance from the origin to this
plane. Hence, or otherwise, obtain a cartesian equation of

the plane. [L]
19/ Three planes have equations
Xx—6y—z=5
Ix+2y+z=-1
S5x+pz=¢g
Show that

(a) the planes have a common point of intersection unless p = 1

(b) when p = 1, ¢ = 2, the planes intersect in pairs in three
parallel lines

(c) when p = 1, g = 1, the planes have a common line of
intersection.

Give equations for the line of intersection in (c). [L]

fiﬁ”ﬁhow that the lines /,, /5, with vector equations
" r=5i—2j+3k+A(=3i+j—k)
r=10i — 3j + 6k + p(4i — j + 2k)

respectively, intersect and find a vector equation of the plane 17
containing /; and /.
Show that the point Q with position vector (6i + 7j — 2k) lies on
the line which is perpendicular to IT and which passes through
the intersection of /; and /5. Find a vector equation of the plane
which passes through Q and is parallel to IT. [L]



-'2_1?"ﬁ’ith respect to a fixed origin O, the straight lines /; and /5 are
- given by
Lhir=1—j+ A2i+j— 2k)
la:r=1i+ 2]+ 2k + p(—3i + 4k)
where A and u are scalar parameters.
(a) Show that the lines intersect. _
(b} Find the position vector of their point of intersection.
({c) Find the cosine of the acute angle contained between the
lines.

(d) Find a vector equation of the plane containing the lines. [L]

22 The position vectors of the poiﬁts A, B, Carca,bande
respectively, where
a=—2i+j, b=i+2j—2k, c¢=25j—4k

(a) Find (b — a) x (¢ — a) and hence, or otherwise, find an
equation of the plane A BC in the form r.n = p and the area
of the triangle ABC.

(b) Find a vector equation of the plane which passes through 4
and which is perpendicular to both the plane 4 BC and the
plane with equation (r — a).b = 0.

(¢) Find the cartesian equations of the line BC. [L]

23, ‘Planes 11, and I1> have equations given by

I :r.2i—j+k) =0
I, e.(i+ 5] + 3k) = |

(a) Show that the point 4(2, —2, 3) lies in If.

(b) Show that I1; is perpendicular to Il,.

(c) Find, in vector form, an equation of the straight line through
A which is perpendicular to I1;.

(d) Determine the coordinates of the point where this line meets
;.

(e) Find the perpendicular distance of A from {71;.

(f) Find a vector equation of the plane through A4 parallel to

II,. (L]
24 Show that the line with equations
x-—4wy~5:_4'__—6
| 3
and the line with equations
x— 1 ___1:-—2::-—3-
4 5 6

intersect.
Find an equation for the plane in which they lie and the

coordinates of their point of intersection. (1]
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12 10.6°
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15

o ()
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(d) 3x-2y+4z=35
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3 -2 4
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