1()) AtA:3x0+ 2x0 + 20x(-15) + 300=0 M1 substituting co-ords into equation of plane... for
At B: 3x100 + 2x0 + 20x(-30) + 300 = O A2,1,0 ABC
At C: 3x0 + 2x100 + 20x(-25) + 300 = O OR using two vectors in the plane form vector
So ABC has equation 3x+ 2y + 20z+300=0 [3] product M1A1 then
3x+2y +20z =c=-300 Al
OR using vector equation of plane M1,elim both
parameters M1, A1l
_ Vo )
. 100 0
(i) DE = | DF B1B1
(LO | :( LlOO |
¥ 5)
(100\ (2
1} 4108 2+ 0x -1+ —10x20 200 2008 Bl need evaluation
JJd ) %0)
( 0 1(2)
Lloo | ~Ll= 0x 2+100x—1+ 5« 20=~100+100= 0 B1 need evalugtion
5 )l 20l
Equation of planeis2x—y + 20z = c At M1
D (say) ¢ = 20x—40 = -800 Al
So equationis2x—y +20z+800=0 [6]
(ili) Angleis 8, where
( 2(3)
= =895 - \ \ M1 formulawith correct vectors
08 — LZOJ 20 | __ 404 Al top
J2Z D2+ 2023 ¢ 22 +20% /4054413 A1 bottom
Alcao [ (%9.156 radians)
(4
. 15) 3 )
™ s faal b B1 Al
A o)
0 |20
=  3(15+34) + 2(34+2/‘L) +20.201+300=0 (3)
= 45+91+68+4439801+300=0 |
=  413+4131=9 34+2/1\ BL Ef]tz |
= =-1 201 J 20)
s0 Sis (12, 32, -20) o
M1 solving with plane
Al
Al cao

(5]
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2 1
2 Normal vectorsare | , |and | _, Bl
B1
4 1
2)(1
= 13| -2|=2-6+4=0 M1
4)(1
= planes are perpendicular. E1l
[4]
1 -1 X 1-2
3 vl eal2 [T |yle|2+2a
-1 3 z -1+34
Whenx=-1,1-1=-1,=>41=2 M1 Finding 4 or u
=>y=2+21=6,
z= -1+31=5
= point lies on first line El checking other two coordinates
0 1 X Y7
r=6[+ul0 |~ |y|=|6
3 -2 z) (3-2u
Whenx =-1, u=-1,
=y= 6,
z=3-2u=5 E1 checking other two co-ordinates
= point lies on second line
Angle between |, | and | | is 6, where M1 Finding angle between correct vectors
3 -2
—1x1+2x0+3x-2 M1 use of formula
cosé =
V1445
_ 7 AL !
J70 470
= 0=146.8°
= acute angle is 33.2° Alcao Final answer must be acute angle
[7]
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4 (i) Pis(0, 10, 30)
Qs (0, 20, 15) B2,1,0
R is (=15, 20, 30)
- _ (0-0 0 )=
PQ=|20-10 [=|10 El
15-30) (-15
-15-0) (-15)*
=
PR=|20-10 [=[10 El
30-30) (0 [4]
.o (2)(0
() 151110 |20+30-30-0 M1 Scalar product with 1 vector in the plane
211 _15 OR vector x product oe
2\ (-15
3]/10 |=-30+30+0=0 El
2)\0
2) .
= 3|18 normal to the plane
2
= equation of plane is 2x + 3y + 2z =¢ M1 ?X +3y +2z = c or an appropriate vector
orm
AL P_(Za)8,+x3= (1)by+=2 13(,)0 z_=9§0 M1dep | substituting to find c or completely
= C=aexFox XU = eliminating parameters
. . Al cao
= equation of plane is 2x + 3y + 2z = 90 [5]
iii) Sis 1 1
(iii) (-75,20.222) B1
. 2. 1
T=0P+=P .
oT=0 "3 s M1 Or g(gp“;HgQ)oeftthelrS
1
0 75| (®
=(10 +§ 10 =16§ 1
30 L1 (s ALft Or ) 0 ) ~'5 | fttheir S
2 3120 |+5| 20
30 1
i 2 El
SoTis (-5,16=,25)*
(75165.29) (4
-5 -5
. 2 2
™) 62,43 162 +4/3
- 3 Bl,Bl 3 R
2 2
25 25
At C (=30, 0, 0):
5+21=-30,162,3,-0,25+24=0 M1 Substituting coordinates of C into vector
3 B Al equation
At least 2 relevant correct equations for 4
1% and 3 eqns give A = —12 %, not compatible | g1
with 2. So line does not pass through C. [5] oe Www
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(i)

DE = V[(-5)% + 0* + 12] = V26
N26
1
cos §=5/\26 oe >

= 6=113°

M1 Al
M1

Al
[4]

oe

oe using scalar products eg —5i + k with i oe

or better (or 168.7°). Allow radians.
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Question Answer Marks Guidance
1 5
(ii) AE=|4| ED=|0 B1 two relevant direction vectors (or 6i + 4j + 2K oe)
3 -1
1 1 - - - - - - -
all_al-1-16+15-0 B1 scalar product with a direction vector in the plane (including evaluation and = 0)
3)\5 (OR M1 forms vector cross product with at least two correct terms in solution)
5 1
0 |l-4l=5+0-5=0 Bl scalar product with second direction vector, with evaluation.
AN (following OR above, Al all correct ie a multiple of i — 4j + 5k)
(NB finding only one direction vector and its scalar product is B1 only.)
= i-4j +5kisnormal to AED
X\ (1 0 1
= egnof AED is yll-a|=|-4||-4
s o Ils M1 | forx—4y+5z=coe
= X-4y+52=16 Al M1AO fori-4j + 5k = 16
B lies in plane if 8 — 4(-a) + 5.0 = 16 M1 allow M1 for subst in their plane or if found from say scalar product of normal
= a=2 Al with vector EB can also get M1A1
For first five marks above
SC1, if states, “if i — 4] + 5k is normal then of form x — 4y + 5z = ¢’ and substitutes
one coordinate gets M1A1, then substitutes other two coordinates A2 (not
A1,Al).Then states so(! | is normal can get B1 provided that there is a clear
4
5
argument ie M1A1A2B1. Without a clear argument this is BO.
SC2, if finds two relevant vectors, B1 and then finds equation of the plane from
vector form, r = a + ub + Ac gets B1. Eliminating parameters Blcao.
If then states ‘so [1 J is normal’ can get B1 (4/5).
-4
[7] i
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Question Answer Marks Guidance

B | (iii) D:6+2=8
B:8+0=8
C:8+0=8
= planeBCDisx+z=8 B2,1,0 | orany valid method for finding x + z = 8 gets M1A1l
Angle between i —4j +5kandi+kis & M1 between two correct relevant vectors

_ complete method (including cosine) (for M1 ft their normal(s) to their plane(s))
= c0s = xI+(-4x0  x1)f Va2 Nea M1AL allow correct substitution or +6/\84 , correct only
= 0=49.1° Al or 0.857 radians (or better)

acute only
[6]
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