Chapter 8 Solution

1.

L, and L, are perpendicular.
k-1) (k+2
20 |-|k=2|=0
-10 k

(k =1)(k +2)+(20)(k —2) + (-10)(k) =0
k?+k —2+20k —40—10k =0
k?+11k—42=0

(k+14)(k-3)=0

k=-14 or k=3

" The angle between L, and L, is not perpendicular.
-4k (k
k |-]1]#0
0 1
(—4k)(k) + (k)@) +(0)(@) =0
—4k* +k #0

4k? -k #0
K(4k—1) %0

k=0 and k;«z&1
4

SE Production Limited

(M1) for setting equation

(A1) for correct approach

A2
[4]

(M1) for setting equation

(A1) for correct approach

A2
[4]



X=7+4s X =15+6t

L:qy=5+3s, L,:qy=-8-5t
Z=-S z=1

-s=1
s=-1

X=7+4(-1)=3
qy=5+3(-1)=2

z=—(-)=1

Thus, the coordinates of P are (3,2,1).

Xx=Kk+3s X=5+t
L:<y=-5-4s, L, :qy=3+2t
z2=-4-3s 72=2+t

—4-35=2+t
t=—6-3s
—5-4s5s=3+2t

.. —5-45=3+2(-6-35)
—5-45=-9-65
2s=—4

s=-2
t=-6-3(-2)
t=0

kK+3s=5+t

S k+3(-2)=5+0
k=11

SE Production Limited

(M1) for valid approach

(A1) for correct approach

(M1) for substitution

A2
[5]

(M1) for valid approach

(M1) for substitution

Al

Al

Al
[5]



1. @)

(b)

(©)

-

RP = OP—OR
RP = OP—(0Q+QR)
éﬁ:dﬁ%db+gdb)
— - 5 -
RP = OP—~00Q
> 5
RP=p—>

p—>d
RT = RP+PT
R?:RE+%P6
- - 4 - -
RT = RP+-= (0Q-OP)
RT =RP+200-2 0P

5 % 5

> 5 4 4
RT:D——Q+—Q—gp

= 17
=—p——ﬂ

TS=RS-RT
TS=0S-OR-RT

- 3% -

TS=_-0P--0Q- RT

r5=Sp-2 _F;_EZ)
P50~ £P-35¢

_9—§p—§q——p ! 100
5" 2

o2 4

S=Zp-=
57 51

SE Production Limited

(M1) for valid approach

(A1) for correct approach

Al

[3]
(M1) for valid approach

(AL) for correct approach
(A1) for substitution

Al

[4]
(M1) for valid approach

(A1) for correct approach

(A1) for substitution

Al
[4]



(d)

TS—ART =1.2,

> 4 (117
ip-Zq-alzp-ttq|=12
P—cd (SD 10(1] 1
2 4

1, 17
fp-Sq-ZAp+--Aq=12
sP—gd- AP+ Ad=12u0

4 17
24T (2)=1.2
c 10() u
2.6=1.2u

_B3

=%

SE Production Limited

(M1) for substitution

(A1) for simplification

Al

(M1) for substitution

Al
[5]



(a)

(b)

Let PS:SQ=a:b.

—> -

0S=0P+P
0S=0P+—2 PQ
a+b
0S=0P+—2_(0Q-OP)
a+b
- a -
0Q--2 op
a+b Q a+b
> b

0S=— 0oP+—2 00
a+b a+b

b a
Lo+ f=—+r—
a+p a+b a+b
.'.a+,B:9iE
a+b

a+p=1

0S=0P+

OH = OP+PH
O_)H:OﬂP+gPﬁR
- - 3 - -
OH = 0P+ = (OR-OP)
OH= ch>+§(1 0Q- SP)
5\ 2
- 3(1
OH=p+2|Zq-
p 5(4q p)
> 3 3
OH=p+>q->
p+o5d-cP

=N

2 3
OH=—p+—
5p 20q

SE Production Limited

M1
Al

Al

M1

AG
[4]
(M1) for valid approach

(AL) for correct approach

(A1) for correct approach

(A1) for substitution

Al
[5]



(©)

(d)

Let O_)S:CO_)H, c=0.

g 2 3
OS=c| —p+—
[5r0)

2 3
OS=—-cp+—c
5 P 20 a

(M1) for valid approach

.'.gc+ic:1 Al
5 20
Lo
20
c=20 Al
11
'.O%S:g 20 p+i 20 q
5(11 20\ 11
2. 8 3
OS=—p+— Al
11IO 11q
[4]
RS = 05— OF M1
R?S:(;S—%OﬁQ
> 8 3 1
RS=—p+—q-=- Al
11p 11q 4q
> 8 1
RS=—p+—
11p 44q
Therefore, F\?S is not a multiple of p. R1
Thus, RS and OP are not parallel. AG

[3]

SE Production Limited



(a)

(b)

p-q=|p||alcosPOQ
24 = (8)(6) cosPOQ

cosPOQ = %

POQ =60°

> > - - -

OR-PQ = OR: (OQ-OP)

> > (1 5
OR-PO=|=p+2ql-(g-
Q (6p+9qj (Q-p)
> oo 1 1 5 5
OR-PO==p.g-=p-p+>g-d->qg-
Q sP-d—gp-Prod-d—cd-p
> = 1 1 2 5 2 5
OR-PO==p-g—=|pf +2|af -2p-
Q sPd 6||0|+9|q| gPd

OR-PQ = %(24) —%(8)2 +g(6)2 —3(24)

OR-PQ=4-32,90-20
3 3

OR-PQ=0

.OR 1 PQ

PR-0Q = (OR-0P)-0Q

- - 1 5
PR'OQ=(EP+§q—pj'q

— - 5

5 o

PR.0Q = 20+ 20

PR-0Q =0
~PRLOQ

SE Production Limited

(M1) for valid approach
(A1) for substitution

Al
[3]
M1

Al
Al

Al

AG

M1

Al
Al

Al

AG
[8]



(©)

SH = A0R

- 1 5
SH=4| —p+—
(6'0 9qj

> 1 5
SH|=A|=p+=
‘6'0 9q‘

J39 (1 5 j(l 5 j

L——=A] =p+=q || =p+=
3 6" 94 sP o

J39 1 5 25
T =pp+—p-g+—"q-

3 3P P P a+ g ad
J_‘ J ; 5 25 2
3 [P +o7p-a+ ol
F 25 .
N —8 —m (3

3 @) +—( )+81()
@:ﬁ 52

3 3
@_\/1561

3 3
P

2

SE Production Limited

(M1) for setting equation

(A1) for correct approach

(A1) for substitution

M1

Al

[5]



(a)

(b)

QU LOP
~.QU-OP=0
(OU-0Q)-0P =0
(OU-q)-p=0
OU-p-q-p=0

p-q=0U-p
PU 1 0Q

-~ PU-0Q=0
(OU-0P)-0Q=0
(OU-p)-q=0
OU-q-p-q=0
p-q=0U-q
.'.p-q:O%U~p:O%U~q

Q,
I
Ii

(OP+ PH)

o,
)

Q,
I

— 1~
OP+—=P
2 Qj

cﬁ+%mb—6hj

Q,
[l
WIFE WIN WIN WIN WIN Wi wiN

> 1
oV = p+§m—pﬂ
> 1 1
OV=—|-p+=
2p 2q)

> 1
OV=—p+=

p 3q

SE Production Limited

M1

Al

M1

Al

AG
[4]

(A1) for correct approach
(M1) for valid approach

(A1) for correct approach

(A1) for substitution

Al
[5]



(©)

- (2WV=VU) = g (2(0V—0OW) — (OU-0V))

- (2WV-VU) =g (30V—20W-0U)
q-(2WV—VU) =3q-OV—2q-OW—q-OU
q-(2V\7V—\7U)=3q-(%p+%q)

—2|q|‘OW cosWOK —p-q

q-(2V\7V—\7U)=p-q+|q|2—ZIQI(@j—p-q
q-@WV-VU) =p-q-+[g| —|o ~p-q

q-@WV—VU) =0

SE Production Limited

M1Al

Al

M1

M1Al

M1Al

AG

[8]

10



1.

@ %[(p+q)x(q+r)]-(r+p)

=%[(p+q)xq+(p+q)xr]-(r+p)

1
=§[pxq+qxq+pxr+q><r]~(r+p)

=%[pxq+0+pxr+qxr]-(r+p)

:%[pxq-(r+p)+pxr~(r+p)+qxr~(r+lo)]

=%[(pxq>~r+(pxq)-p+(pxr)-r
+(pxr)-p+(@xr)-r+(qxr)-p]

:%[(pxq)-r+0+0+0+0+(q><r)-p]

=%[<pxq>-r+(p><q)-r]

=%[2(p><q)-r]
—(pxq)-r

SE Production Limited

M1

Al

M1

M1

Al

Al

AG

[6]

11



(b)

px(gxr)+(p-q)r
=px ((qli + qzj + Q3k) X (r1| + rzj + rak))
+H((pyi + P,J+ PoK) - (i + 0, + g:K)r

p1 qz rs - q3 rz r1
=| P, |X| O, —Q,F; |+ ( P, + P4, + p3q3) r
p3 qer - q2r1 r3

P, (qer _q2r1) —Ps (qsrl _qlrS)
=| Ps (qzrz - Q3r2) - pl(erz - qul)
pl(q3r1 - qlr3) — P, (qzrs - qsrz)
(PG, + P,0, + P3G3)1,

(PG, + P20, + Pss)T,

(PG + PG, + PyGs)Ey

P20, — P20,1 — Pslslhh + PsGyls
=1 Palxl3 — Pl — PG, + POl
P31 — PGl — P20,15 + P05l
PGy + Po0,1 + Pyl
| POl + P20,1, + PsG5l;
PGi13 + P20,15 + P3lals
PuOhl + PGl + Psthly
=| POzl + P20,1; + P30yl
PG5l + Po051; + P30l
(Pif + P15, + Pal) G

= (plrl TPl + psrs)qz
(i + PoF, + P3 )G
= (plrl + Pl + para)q
=(p-1)q

+

SE Production Limited

M1

A2

A2

M1

Al

Al
AG
[8]

12



(©)

Similarly, gx(rxp)+(q-r)p=(g-p)r and
rx(pxq)+(r-p)a=(r-q)p.
Spx(@xr)+gx(rxp)+rx(pxq)
=((p-r)a—(p-aq)r)+((a-p)r—(a-r)p)

+((r-q)p—(r-p)a)

=(P-Na-(p-a)r+(@-p)r-(q-rp

+(r-q)p—(r-p)q

=(r-p)d-(P-qr+@E-aq)r-(q-rp

+(@-rp-(r-p)q
=0

SE Production Limited

Al

Al

Al

AG
[3]

13



(a)

(b)

(©)

gxr=gx(0-p-q)
gxr=qx(-p-q)
gxr=qgx(-p)—-qxq
gxr=—-gxp-qgxq
gxr=—(—-pxq)-0
gxr=pxq
rxp=(0-p-qg)xp
rxp=(-p—qg)xp
rxp=—pxp—-qxp
rxp=0-(-pxq)
rxp=pxq
Spxg=gxr=rxp

p=A1q

r=0-p-q

r=-4q-q

Spxg—Qgxr—rxp
=A0xq—-Qgx(-49-0q)—(-Aq—q)x Aq

= Aqxq—-qgx(-Aq) +qxq—(-4Aq) x Aq+qxAq
= Aqxq+Agxq+qxq+A°gxq+Agxq

=(A* +31+1)qgxq

= (A +31+1)0

=0

pxg=gxr=rxp

[P =[axr|=[rxp]

19|/ sin QRP =g |r|sin RPQ = p]|r[sin POR
Ip|[q[sinQRP _ |q[|r|sinRPQ _ |p||r|sin PQR
pllallrl [pllallrl pllallr
sSinQRP _ sinRPQ sinPQR

L T

. sinRPQ _sinPQR _ sinQRP

R

SE Production Limited

Al

M1

Al

Al

M1
Al

AG

Al

M1

Al

AG

M1
Al

M1

AG

[6]

[3]

[3]
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(d)

[-p[" +[a]” ~2|-pl[a] cos QRP
=[-p[" +|d" ~2(-p)-q

=|o[" +[o* +2p-q

=p-p+p-q+p-q+q-q
=p-(P+a)+q-(p+0q)

=(p+0q)-(p+0q)
=lp+af
=|~(p+q)[’

=Irf

SE Production Limited

Al

Al

M1

M1

M1

AG

[5]

15



(a)

(b)

(©)

r=Ap+q

[ =|p+qf

I = (Ap+0)-(Ap+0)

Ir|° =p-2p+Ap-q+q-2p+q-q
/[ = 4%-p+2p-q+44-p+q-q
Ir|° =A% -p+2p-q+p-q+q-q
rf = 22[pf +24p-q+af

(P+g+r)-(px(q+1))
=(p+q-+r)-(pxg+pxr)
=p-(pxQ)+q-(Pxa)+r-(pxq)
P (Px1)+q-(Pxr)+r-(pxr)
=0+0+r-(pxqg)+0+q-(pxr)+0
=(pxQq)-r—q-(rxp)

=0

V-(p—V): % q[p_ %JqJ
q

v-(p-v)=| 23
al
V.(p—v):(p'qz) _(p'fp q-q
al gl
V'(p—v):(p‘fg) _(p'CP |q|2
ql gl
v-(p—v)=(p'g) _(D-CZI)
el q]
v-(p—v)=0

SE Production Limited

)

M1
Al

M1
AG

[3]
M1
M1

Al
M1
AG

[4]

M1

Al

Al

AG
[3]

16



cosf = Al
|

secl = M M1

V]

2

sec’ = @ Al

vi

M1

Al

AG

[5]

SE Production Limited



(@)

(b)

- —

PN =PQ+Q

- ﬂ. -

PN=r+——QR
/1+1Q

PN =r+—"— (PR—PQ)
A+1

> A
PN=r+——(q-r
/’t+1(q )

> A+1 A A
PN = r+ - r
A+l A+1 A+1
P_) :Lqﬁ_i
A+1 A+1
PN L QR
PN-QR =0

(Aq+r)-(q-r)=0
Aq-(q-r)+r-(q-r)=0
Aq-(@-r)=-r-(q-r)
Aq-(-r)=r-(r-q)
PO G

q-(q-r)

SE Production Limited

(A1) for correct approach

(M1) for valid approach

(M1) for valid approach
Al

[4]

M1

Al

M1

M1

AG

[4]
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(©)

2 1 r-(r—q)
’ _r~(r—q)+1[q,(q_r)q+rj
q-(@-r)
r-(r-a
S 1 q-(q-r)
F>'\l_r-(r—<:1)+q-(q—r) La@-n,
9-@-r) a-@-r{ g-(g-r)
r-(r-q
pNo_ d:@-n q-(@-r)
r-(r-a)+q-@-r)} ,a-(@-n
q-(@-r)

pr 2 (- (r=a)a+(@-(q-r)r
r-(r-q)+q-(@-r)

pr 2 (T (r=a)a+(@-@-n)r
r-(r-a)-q-(r-a)

pr 2 (T (r=a)a+(@-@-n)r

(r-q)-(r-a)
pr = (C(r=)a+@-@=n)r
r=d

r—q’PN=(r-(r—))q+(q-@-r)r

(r-(r—a)a-+(a-@-r)r—|r—af PN =0

SE Production Limited

M1

M1

Al

M1

Al

Al

M1

AG

[7]

19



x=15+6¢ x=-3s
L:3y=11+3t, L,:qy=T+2s
z=6+2¢ z=8+6s
15+6t=-3s
s=-5-2t
11+3t=7+2s
SA1+3t=T7+2(-5-2¢)
11+3t=-3-4¢
Tt =-14
t=-2
x=15+6(-2)=3
y=1143(-2)=5
z=6+2(-2)=2

Thus, the coordinates of C are (3,5, 2).

SE Production Limited

(M1) for valid approach

(M1) for substitution

Al

(M1) for substitution

Al
[5]
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(b)

(c)

(d)

The coordinates of A and B are (15,11, 6) and

(0,7, 8) respectively.

CA = (15i+11j+6k) - (3i + 5j+ 2K)
CA =12i+6j+4k

CB = (7j+8K) - (3i+5j+2K)

CB=-3i+2j+6k
The area of the triangle ABC

llcAxCB

:%|(12i+6j+4k)><(—3i+2j+6k)|

. (6)(6)—=(4)(2)
= 5| D) =A2)6)
(12)(2)=(6)(-3)

=%|28i—84j+42k|

=%(l4)|2i—6j+3k|

=722 +(=6)* +3°

- 49

The vector equation of the line L, :

3 2
r=|5|+u| -6
2 3

x=3+2u
y=5-6u
z=2+43u

3+2u=173
2u=70
u=35

d =2+3(35)
d =107

SE Production Limited

(A1) for correct values

Al

Al

(M1) for valid approach

Al
Al
[6]

(A1) for correct values

Al

[2]

(A1) for correct value

Al
[2]

21



(e)

CD = (73i—205j+107K) — (3i + 5§+ 2k)

CD = 70i —210j+105k
The volume of the pyramid ABCD

- %(49)(\/702 +(=210)° +105%)

= %(49)(35)(« [22 +(=6)* +3%)

=§M%oﬂw>

12005

3

SE Production Limited

Al

MIA1

Al

AG

[4]
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(a)

(b)

(©

X=8+2t X=6+s
L:4 y=8 | L: y:8+2x/§+\/§s
=7 =7
8=8+23+4/3s
—2«/§:«/§s

s=-2

X=6+(-2)

X=4

Thus, the coordinates of C are (4,8,7).

(i++3)-j =i +3j||j|cos &
OO +(B)D) = (L’ +(3)*) (1) cos §
\/§: 2cosd
cosezﬁ
2
0 =30
The coordinates of A and B are (6,8, 7) and
5, 8++/3, 7) respectively.
CA = (6i +8j+ 7K) — (4i +8j+ 7K)
CA =2i
CB = (5i + (8+/3)j + 7K) — (4i +8j + 7K)

CB=i+3j
CA-CB =|CAl|cBlcos ACB

2i- (i +/3j) =|2i|‘i +ﬁj\cosAéB

2@+ (0)(x/3) = )12 + (\3)?) cos ACB

2 =4cos ACB
cosACB :%

ACB = 60°

SE Production Limited

M1

Al
M1

AG
[3]
(M1) for valid approach

(AL) for correct approach

Al
[3]

(A1) for correct values

Al

Al

(M1) for valid approach

(A1) for substitution

Al
[6]

23



(d)

(€)

CA=CB=2
The area of the triangle ABC

:%(CA)(CB)sin ACB

= % (2)(2)sin60°

:r{ﬁj
2
-3

Let h be the height of the prism ABCFED.
The triangle ABC is an equilateral triangle.

- 243 +3(2h) =2(30++/3)

23 +6h=60+24/3

6h =60

h=10

The volume of the prism ABCFED
= (\/3)(10)

=103

SE Production Limited

(M1) for valid approach

(A1) for substitution

Al

M1Al

Al

Al

[3]

[4]

24



(a)

(b)

(©)

X =14-5t
L :qy=18-6t
2=8-2t
(14-5t)+6=(8—-2t)+6
20-5t=14-2t
6=3t
t=2
x=14-5(2)=4
qy=18-6(2)=6
2=8-2(2)=4

Thus, the coordinates of P are (4, 6, 4) .

a+6=3+6
a=3

RQ = —4i—4j—k

-.0Q-OR =—4i—4j—k

(14— 5t)i + (18— 6t)j+ (8 — 2)K) — (3i + 4+ 3K)

= —4i—4j—k

14-5t—3=—4

5t =-15

t=3
x=14-5(3) = -1
y=18-6(3)=0
7=8-2(3)=2

Thus, the coordinates of Q are (-1,0, 2).

SE Production Limited

(M1) for valid approach

(M1) for setting equation

Al
(M1) for substitution
Al
[5]
(M1) for setting equation

Al
[2]

(M1) for valid approach

(A1) for correct value

(M1) for substitution

Al
[4]
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(d)

PQ = (=i + 2K) — (4i + 6j + 4K)
PQ = —5i—6j— 2k

PR = (3i + 4+ 3K) — (4i + 6 + 4k)

PR =—i—2j—k
X+6=-4=x=-10
y214=—4:> y=-22

7+6=-4=17=-10
PS = (—10i — 22 —10K) — (4i +6j+ 4K)

PS =14 — 28j 14k
x=14-5(8) =26
y=18-6(8) =30

27=8-2(8)=-8

PT = (—26i —30j—8K) — (4i +6j+ 4K)

PT = —30i —36j—12k
The area of the quadrilateral QRST
=The area of PST — The area of PQR

11~ —

PSxPT
2

11> -
——|PQxP
2Q

_ %|(—14i — 28)~14K) x (~30i —36] ~12K)|

—%|(—5i —6)— 2K)x (i~ 2j—K)|

:%(14)(6)|(—i—2j—k)x(—5i —6j—2K)|

—%|(—5i—6j—2k)x(—i—2j—k)|

=8_23|(_i — 2j—k) x (~5i — 6 - 2K)|
(=2)(=2) - (-1)(-6)

=8—,f (1(-5)~(-(-2)
(-1)(-6)— (~2)(-5)

-Zi+gj-4

SE Production Limited

(A1) for correct values

(A1) for correct values

(Al) for correct values

(A1) for correct values

(M1) for valid approach

(A1) for substitution

(M1) for simplification

26



(€)

=8—23\/(—2)2 +37 4

_ 8329 AL
2
[8]
%(@](UQ) =166~/29 M1
1
-uQ=2
5 Q
uQ=12
Thus, the shortest distance between U and QRST
is 12. Al
[2]

SE Production Limited

27



The vector equation of BD:
3 -3
r=0|+t| -3
3 -3
x=3-3t
y=-3t
z2=3-3t
3-3t 3

Y
I

|
@

|
o

-

AE=| -3t

AE-BD =0

S (30 +H(3)() +(B3-3)(=3) =0
9t+9t-9+9t=0

27t =9

1

3

oy
o3
)

t=

Therefore, the coordinates of E are (2, -1, 2).

SE Production Limited

Al

Al

Al

M1

Al

M1

AG

[6]



(b)

W,

I
O O W

|
w O w

-3
BC=| 0
0

n, = BAxBD

n, = -3k x (~3i - 3j—3K)
0)(=3)-(-3)(-3)

n, = (-3)(-3)-(0)(-3)
0)(=3)-(0)(-3)

n, =-9i+9j

n, = BCxBD

n, = 3ix(~3i —3j—3K)
(0)(=3)-(0)(=3)

n, =1 (0)(=3)-(-3)(-3)
(=3)(-3)-(0)(-3)

n, =-9j+9k

n,-n, =|n[|n,|cos &

(=9i +9j)- (-9j+9K) = |-9i +9j||-9j + 9K|cos &

(=9)(0) + (9)(-9) +(0)(9)

= (J(-9)? +92)(|/(-9)? +9?) cos 6
—-81=162cos &

cosH:—E
2

0=120°

SE Production Limited

(A1) for correct values

(A1) for correct values

(M1) for valid approach

Al

(M1) for valid approach

Al
(M1) for valid approach

Al

Al
[9]
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(c)

The area of OABC
=(0A)(OC)
=(3)(3)

=9

%(9)(OF) =15

30F=15
OF =5

Thus, the possible coordinates of F are (0,5, 0)

and (0,-5,0).

The possible values of DF
=5-(3) or =(=3)-(-5)

=8 or2

SE Production Limited

(A1) for correct value

(M1) for setting equation

Al

Al

A2
[6]
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1. Let n, and n, be the normal vectors of 2x—-9y+4z-1=0
and 3x+14y+3z—-3=0 respectively.
2
n,=|-9
4
3
n,=14
3

Let & be the acute angle between the planes.
n,-n, =|n[|n,|cos &

(2)(3) +(-9)(14) + (4)(3)

= (22 +(-9)? + 47 )(\3* +14? + 3 ) c0s 0

~108 = (v101)(v/214) cos &
108

cosf=——————

(V101)(v214)
0=137.2741785°
0=137°

SE Production Limited

(A1) for correct values

(M1) for valid approach

(A1) for substitution

Al

Al
[5]
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. . 5 3 2|7
By using row operations, the system (4 ‘ j is

reduced to

x:1+m
2

3
=26t
=7

1 0 4

2 4|5

(M1) for valid approach

N|lw N -

Al

Al

Thus, the vector equation of the line of intersection is

oMW N

4
+t| -6 |. A2

[5]

32
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4 2 -11|5
By using row operations, the system | 3 1 -2 |2 is
11 113

reducedto |0 1

or\>|\lN

Let z=t.
x:—£+§t, y:Z_Et
2 2 2 2

Thus, the vector equation of the line of intersection is
1 3

+t| —=|.

,
Il
o NI

@ By using row operations, the system

2 -2 -39 1 0 01
1 -4 4|9 |isreducedto|0 1 0| 1
2 1 2 |-3 0 0 1|-3

Thus, the coordinates of A are (1,1, -3).

1 2
() r=|1 |+t]-2
-3) |-3

SE Production Limited

(M1) for valid approach

Al

Al

A2

[5]

(M1) for valid approach

A3
[4]

A2

[2]
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1.

(a)

(b)

(©)

n=(3i—2j)x(j—3K)
(=2)(-3)-(0)D)

n=| (0)(0)-G)(-3)
)@ -(=2)(0)

n=6i+9j+3k

The Cartesian equation of the plane 7 :

(xi+yj+zk)- (61 +9j+3k)

= (—6i +18Kk) - (6i +9j+ 3K)
6X+9y+3z =(-6)(6) +(0)(9) + (18)(3)
6Xx+9y+3z=18

2X+3y+2=06

x=1-10t
y=3+5t
z=13-13t
. 2(1-10t) +3(3+5t) +(13-13t) =6
2—20t+9+15t+13-13t =6

—-18t =-18
t=1
x=1-10(2) =-9
y=3+5() =8
2=7-13(1)=-6

Thus, the coordinates of the point of intersection

are (-9,8,-6).

a=3,b=2,c=6

SE Production Limited

(M1) for valid approach

(A1) for correct values

M1A1l
Al

[5]
(M1) for substitution
(A1) for correct value
Al

[3]
A3

[3]
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(d)  The volume of the pyramid OABC

1 [<OA)<OB>j ©0)
3 2

_1(B@
(%2

@ () CA=3i—6k, CB=2j—6k

(ii) % CAxCB| = a 14

%|(3i—6k)><(2j—6k)|=a\/1_4

(0)(-6) - (-6)(2)
(-6)(0) - (3)(-6) | = a/14
(3)(2)-(0)(0)

%|12i+18j+6k|=a¢1_4

N |-

%(6|2i+3j+k|):a\/1_4

W22+ +12 =14
314 = /14

La=3

()] Let h be the required perpendicular distance.

S@in-6

314

11

h

Thus, the required perpendicular distance is

314
1

SE Production Limited

(M1) for valid approach

(A1) for substitution

Al
[3]
A2

(M1) for setting equation

(A1) for correct values

M1

Al
[6]

(M1) for setting equation

. Al

[2]
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(a)

(b)

(©)

n = (3i+ j)x(4i +k)
(L@ —-(0)(0)
n=| (0)(4)-B)1)
(3)(0)-(D)(4)
n=i-3j—4k
The Cartesian equation of the plane 7 :

(Xi+ Yj+ 2K) - (i — 3j — 4K) = (~6i + 2j) - (i — 3j — 4K)

x—=3y—4z=(-6)(1) +(2)(-3)+(0)(-4)
X—3y—-4z=-12

x—3(0) —4(0) = -12

x=-12
. OA=12
0-3y-4(0)=-12
y=4
-.OB=4
0-3(0)-4z=-12
z=3
-.0C=3
The volume of the pyramid OABC
1 ((OA)(OB)j(OC)
3 2
1 ((12)(4)j(3)
3 2
=24

The vector equation of the line L:

-12 1
r=| 0 [+t|-3
0 -4

SE Production Limited

(M1) for valid approach

(A1) for correct values

M1A1l

Al
[5]

(A1) for correct value

(A1) for correct value

(A1) for correct value

(M1) for valid approach

Al
Al

[6]
A2

[2]
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(d)

(i)

(i)

(iii)

(12,0, 0)

The vector equation of the line L":

12

1

r=| 0 [+5| -3

0
Xx=12+5
y=-3s
Z=-4s

4

p+12_ P

3

4

4(f+12)=3p

45+48=3p
S =—48

SE Production Limited

Al

(A1) for correct values

Al

(M1) for setting equation

Al
[5]
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(a)

(b)

By using row operations, the system

3 -1 2112
is reduced to
31 =21-12

1 0 0] O
0 1 -2|-12)

y—2z=-12

y=—12+2z

x=0

Let z=t¢.

y=—12+2t

Thus, the vector equation of the line of intersection
0 0

isr=|-12 |+t 2 |.
0 1

() a=4,b=-12,c=6, a=-4

(11) Let O be the origin.

The volume of the pyramid A’ABC

=1((A'A)(03)j(om
3 2

1 ((4—(—4))(12))(6)
3 2

=96

SE Production Limited

MI

Al
Al

Al

AG

[4]
Ad

(M1) for valid approach

Al

Al
[7]
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(©)

(d)

()  AC=—4i+6k
AC (i) =

KC‘|—i|cos CAA'

(M1) for valid approach

(—4i +6K) - (—i) = (yJ(—4)* +6°)(1) cos CAA' (A1) for substitution

(—4)(=1) + (6)(0) = /52 cos CAA

cosCAA =2

J52
CAA’ =56.30993247°
CAA’ =56.3°

(ii) +CA'=CA
-.CA'A =56.30993247°

Al

(AL) for correct approach

ACA' +56.30993247° +56.30993247° =180’

ACA’ = 67.38013505°
ACA' =67.4°

The vector equation of L:
0 3
r={0|+s|-1
0 2
X =35
y=-S
2=2s
. 3(3s) +(—s)—2(2s) =12
4s=-12
s=-3
x=3(-3)=-9
y=—(-3)=3
z=2(-3)=-6

Thus, the coordinates of Q are (-9, 3,-6).

SE Production Limited

Al
[5]

(A1) for correct approach

(A1) for substitution

M1

Al
[4]
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(a)

(b)

(©)

The coordinates of A, B and C' are (6,0, 0),
(0,-4,0) and (0,0, 3) respectively.
n= ATBX AE'
N = (—6i —4j) x (—6i + 3K)
(-4)(3)-(0)(0)

n=| (0)(-6)-(-6)(3)

(=6)(0) - (-4)(-6)
n=-12i+18j—24k
The Cartesian equation of the plane r, :
(xi +yj+zk) - (-12i +18) — 24k)
=6i-(—12i +18j—24k)
—12x+18y —24z = (6)(—12) + (0)(18) + (0)(—24)
-12x+18y—-24z =72
2x—-3y+4z=12

The coordinates of C are (0,0, —-3).
The volume of the pyramid ABCC'

1 ((CC')(OA)) o8)
3 2

1 ((3_(_3))(6)j(4>
3 2

=24

n, =2i-3j-4k

n, =2i-3j+4k

Let & be the obtuse angle between the planes.
n,-n, =|n[|n,|cos &

(2)(2) +(=3)(-3) +(-4)(4)

= (22 +(-3)% +(—4)*)(J2* +(-3)* + 4% ) cos @

-3=(/29)(~/29) cos 6

cosez—i
29

0 =95.93777245
0=95.9

SE Production Limited

Al

M1
Al

Al

M1Al

AG
[6]

(Al) for correct values

(M1) for valid approach

Al

Al
[4]

(Al) for correct values

(M1) for valid approach

(A1) for substitution

Al

Al
[5]
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(d)

(i)

(i)

(0, -2, ~1.5)

n, =n,xn,

n, = (2i —3j— 4K) x (2i - 3j + 4K)
(=3)(4) - (-4(-3)

n;= (-4)(2)-(2)(4)
(2)(=3)-(=3)(2)

n, = —24i-16j
The vector equation of the line:

0 —24
r=| -2 |+t|-16
-15 0

X = =24t
y =-2-16t

z=-15
X _Yr2 . g
-24 -16

SE Production Limited

Al

(M1) for valid approach

Al

Al

Al

[5]
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