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CONFIDENTIAL*

2021-1-NS-SPI
Section A [45 marks]
Answer all questions in this section.
1. The polynomial P(X) is given by P(x) = x3 + x? — 10x + 8

a) Using the factor theorem, show that x — 2 is a factor of P(x). [2]
b) Hence express P(x) as the product of three linear factors. [3]
A . . .
2. a) Expand (r + E) using binomial expansions. [2]
. 1\* 1\%
b) Verify that 4r3 +r= (r + E) — (r - 5) [3]
¢) Hencefind Y7_ (473 + 1) [4]

-1 2 1 -35 19 18
3. Given the matrices A = (—3 1 4) , B= (—27 -13 45)
0 1 2 -3 12 5
121 0 0
andAZB:< 0 121 0 )
0 0 121
a) Deduce the inverse of A. [3]

b) Hence, solve the system of linear equations

X-2y-2=-8
3X-y—-4z=-15
y+2z=4 [5]

4. a) By using de Moivre’s theorem, show that cos 50 = cos 6 (16c0s*0 — 20c0s?0 + 5). [4]
b) Hence, show that x = cos (% n) is a root of the equation 16x* — 20x? + 5 = 0. [4]

5. The parametric equations of a curve are x = 1 + acos6, y = bsing — 2.

_1)2 2
a) Show that the cartesian equation of the conics is % + (yb+—22) =1. [2]
b) States the coordinates of its centre and foci whena=2and b = 3. [2]
Hence, sketch the conics. [3]
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6. The line 1 has equation ry = ( 0 ) + i(l) and

-1 0
1 2
the Line I2 has equation, = | 3 |+ u| 1
6 -1
a) Show that 11 and I> do not meet. [3]

The point A'is on I1 where A = 1, and the point B is on I> where p = 2.
b) Find the cosine of the acute angle between AB and |;. [5]

Section B [15 marks]
Answer one question only in this section.

7. a) Using the identity prove that cos 2A =1 — 2 sin? A. [2]
b) Show that 2 sin 26 —3 cos 260 —3sin®+3=sin® (4cosO +6sin6— 3). [3]

c) Express 4 cos 0 + 6 sin 6 in the form Rsin(6 + o), where R>0and 0 < a < %n.

[4]
d) Hence, for0 <6 <=, solve 2sin20 = 3 (cos26 + sin6 — 1),

giving your answers in radians to 3 decimal place. [6]

8. The straight line |, intersects the plane 7z, at the point A, whereas the plane 7z, intersects
the plane 7, at the straight line I,. The straight line I, the plane 7, and the plane 7, are

defined as follows :

x+1 z—4
li: —=y-3=—
. 2 y 3

m:2Xx—3y+z=5
mzir-(3i+3j+k)=8

Find
a) the position vector of point A, [4]
b) the vector equation of the straight line I, , [6]
c) the Cartesian equation of the plane that contains the straight line |, and is
perpendicular to the plane 7. [5]
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No | Scheme Marks
1 P(x)=x3+x?—10x + 8 M1 :find P(2) using factor
(5) a)XZZ,P(2)223+22+8:8+4_20+8:0 theo.rem. .
- X —2is a factor Al: show = 0 and conclusion
about x — 2 being a factor
b) Use long division to find the quadratic factor x2 + 3x —4 | M1 attempt at quadratic factor
X2 +3x—4
Or factor theorem again for 2"
2 factor.
P(X) = (Xx—2)(x“ + 3x—4) Al
=(x=2)(x-1)(x +4) Al
2 N A 31\ LAY 2 (N2 (4N 1 (1\3, (1\* | M1 use binomial expansion.
) (r+3) =r+ ()7 G0 GG +6)
9) =r4+2r~°’+§r2+§r+1—16 Al
1\4 1\%
" (r+5) _3>(r_1;) 1 3 1 1
=r4+2r3+5r2+5r+1—6—(r4—2r3+5r2—5r+g) M1
— A3
sarar 4 4 Al: Verified
A 4= (r + 5) — (r — E) Al: State the answer
n 3 NG 1\* 1\*
OXr=1(4r’ + 1) = Xi, (T + E) - (T - E) M1: Method of differences
Y A S A
o)
Sy =3
* (2/4 \2)4
7 (5 .
+ (E) - \5) M1: working
+ ...
: 3\* 5\%
+(”'5)4‘( ‘5)4
1 /4 3
+ (i) - (=3)
1% ~¢ 1\*
*("ﬁ) - ’;—5)
- _ (X 1
= (1 )+ (n+3) o Al
=—Z4+n*+2n° 4+ 3202+ Zn+ —
16 X 12 2 16
=n* + 2n3 +En2+ ~n Al
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121 0
@8 |AB={ 0 121

b) x+2y+z=8
—-3x+y+4z=15
y+2z=4
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Z
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Z

0
0
121

0 0
AAB =121 |
1
A(EAB)—I
ATt =—AB
/-1 2 1\/-35 19 18
=—(-3 1 4)(—27 ~13 45)
0 1 3 12 5
~22 —33 77
=z<66 _22 11)
33 11 55
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M1

M1

Al

M1 : rearrange the equations
then write in matrix form.

M1

M1

Al

Al : state answer for x, y, z
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a) cos 560 + isin 50
8 = (cos O + isinB)®
= cos® 0 + 5c0s*0(isin®) + 10cos®0(isind)?
+ 10c0s20(isin®)® + 5cosO(isin®)* + (isind)°

+ 5 c0s0sin*0 + isin®0
= €0s°0 — 10c0s°0sin®0 + 5cosOsin*o
+ i(5c0s*0sind — 10c0s?0sin0 + sin®0)
Real part:
cos 50 = c0s°0 — 10c0s%0sin?0 + 5cosOsin*o
= €0s°0 — 10c0s%0(1 — cos?0) + 5cos0(1 — cos?0)?
= ¢0s°0 — 10c0s%0 + 10c0s°0 + 5c0s0(1- 2c0s%0 + €0s*0)
= c0s°0 — 10c0s°0 + 10c0s°0 + 5c0s0 — 10c0s%0 + 5c0s°0
= 16C0s°0 — 20c0s%0 + 5c0s0
= cosf( 16c0s*0 — 20c0s?0 + 5)

cos56
cos6

b) 16c0s*0 — 20c0s?0 + 5 =

Ietx-cos(ﬁ )

16x* — 20x% + 5 = 16cos4(3-

10
cosS(En)

cos(757)
cos(zm) _ o

cos(ggm)  cos(55m)

0

) is a root of the equation

T[) — 20cos? (%n) +5

»—\Nl»—\r—nl

5 |

1
SoX= COS(—7T
10

= €0s°0 + 5icos*0sin® — 10c0s°0sin%0 — 10icos’0sin®0

M1:use De Moivre’s Theorem

M1: binomial expansion or
others method to expand

M1: Compare real part

Al: Shown

M1: compare and substitute

M1 simplify

Al: shown

Al: state answer

=1+acosb,y=bhsind -2

(™) | a) cose:’%1 , sing = X2

b
c0s20 +sin%0 = 1

x—1\2 y+2 2 _
((T) N ((T)) =1
(-1 y+2)?
et =1
b)a=2,b=3
@jy+0fy=1
2 3
Centre = (1, -2)
2 — 32 22 =5
c=+V5
Foci=(1,—-vV5-2),(1,V5 - 2)

('11 '2)

M1

Al

B1: centre

B1: foci both

B1: Shape
B1: label
Al: all correct
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6 |al+Aa=1+2u ....(1)
A=3+p ...(2)
~1=6-p ...(3)
From(3), n=7; M1 : solve two equations to
T AL find wand 1
subs into (2), A =10
From (1), 1+2=1+2p =>1+2=1+10=11 M1: subs into 3" equation to
1+2p =1+2(7)=15 compare and show
11215
.. I and 2 do not interest, hence |1 and |2 do not meet Al: State answer
/1 1 2
byOA=| 0 |+1(1 =<1 M1 : Find OA or OB
-1 0 -1
o 2 5
OB=(3]+ 2( 1= (5
6 -1 g 24 3
EZO—B)—O—A):<5—1>:<4> M1, M1: Find AB
4+1 5
3 1
(‘;)((1)) M1: Use formula
Cos 0 = Fmarie vizivo
_3+4+0 Al: Answer cos 6
\/75_0\/7 AQ: if give answer for 6 only
~To
7 a) cos (A+B) = cos A cos B —sin Asin B
cos 2A = cos (A+A)
=cos Acos A—-sin Asin A
=Ccos2A—sin?A M1
=(1-sin®? A) —sin? A
=1-2sin’A Al
b) 2 sin26 — 3 c0s20 — 3 sind + 3
= 2(2sin0cos0) — 3(1 — 2sin?0) — 3sind + 3 M1 substitute
= 4sinOcos0 — 3 + 6sin%0 — 3sind + 3 M1: rearrange
= sinB(4cosO + 6 sind — 3) Al
) 4 cosO + 6 sin6 =R sin(6 + o)
= R sinOcosoa + R cosOsino
= R sina cosO + R cosa sind
2 zg]so(;::t ((12)) B1: both equations
%: tana = %
o = 33.69° = 0.187177 = 0.588 rad (3dp) M1 find o in rad
1>+ (2 :R?=42+6° e
R =52 =2v13 lef-l. fln(-th-In exact valuet_
. . . WriIte In proper equation
4 cosO + 6 sin® = 2y/13 sin(6 + 0.588) Proper e
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d) 2 sin26 — 3(cos26 +sin6—-1) =0
sind ( 4cosO + 6sin6 —3) =0

sind (2+/13 sin(0 + 0.588) — 3) 0

sin6=0, sin(6 +0.588) = \/_

0=0, 0 + 0.588 = 24.584°, 155.416°
0 +0.588 = 0.4291 , 2.7125
0 =-0.1589, 2.1245
.0 =2.124 (3dp)

M1:Rearrange
M 1:Substitute
M1: factorise

M1: get basic angle 24.584°
M21: answer for 6

Al: State the correct answer
correct to 3 dp within the given
range

8 la)l —-y 3-74 , mi2Xx—3y+z=5
x 2
Z 3
1 + 21
y = 34+ M1: Find coordinates of point A
7 4+ 32 in terms of & from I,
=—1+20 ,y=3+A ,z=4+3A
2Xx—-3y+z=5 L
21+ 20)—3(3+A) +(4+3)) =5 M1: Substitute into plane 1
~2+4)-9-3\+4+31=5 AL find
4% =12
r=3 c Al state position vector of A
Position vector of A, 04 = < 6 )
13
b) equation of line, r = a + Ab
m2ir-(Bi+3j+k)=8 >3x+3y+z=8
M1 :2X—-3y+z2=5
3X+3y+(5-2x+3y)=8 M1: Find a point of I
X+6y=3
lety=0=x=3,z=-1 Al: Getapoint
. (3,0, — 1) is apoint on the line
2 is parallel to the vector
2 3 i J k M1: Find vector parallel to I
- _ — - (the vector is perpendicular to
n X1, ( 13) X (i) 2 =31 both plane)
133 11 M1: working
=[(3)@) - 3(D)E-[2(1) - 3(1)1Jj + [2B) - 3(:3)] k
=—6i +j +15k AL: vector parallel to I
<. the vector equation of the line Iz is AL vector equation CAO
r=3i —k+ A(—6i +j + 15k) or r=<0)+ﬂ<15)
a -1 1
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