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1 | (a) | u,=3a+5 Bl | c.a.o.
u, =9a+20 B1 | FT from u,
(b) | u,=39a+20)+5=27a+65 MI | s.o.l.
Know to sum u, to
a+3a+5+9a+20+27a+65=110 Ml )
u, 8.0.1.
40a:20:>a:% Al | o.e.
[5]
2 | (a) | Let the first term be @ and common difference be d.
20 (24 +194) =65 B (2a+27d)-65=-30  pp AuemptiouseAP
2 2 sum formula s.0.1.
10(2a+19d) =65 14(2a+27d)=35 Simplify to either
20a+190d = 65 28a+378d =35 M1 | equation

By GC, a=8 and dz—%.

. . 1
First term =8 and common difference = —E. A1l | Conclude, o.e.
k(n+2)
u +1 € k : Z'ln+1
il _ _e M1 | Find == o.e.
(b) u ket u,
As the ratio of subsequent terms is a constant, the Al Ratio is a constant

sequence is geometric. 0.€.

[3]
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Att tt
B+i B+i er'np ©
(a) = N X i M1 | multiply by
3-1 341 conjugate s.0.1.
z=i\/§l—l+£i MI | Findz o.e.
3+1 2 2
2 2
I (R D IER Al
2 2
arg(z)=tan™ (\/g) = g Al | Radians only
Alternatively:
‘/§+i| ‘\/§+i‘ Ml Uses | L :H
= z z
\/5 _ 1‘ ‘ \/g _ i‘ . 2 2
s.0.1.
|2[=1 Al
Uses
J3+i . z
= — —1 ar i
arg(\/g_i arg(\/§+1) arg<\/§ 1) M1 g "
= arg(z)—arg(w)
arg(z)=tan™ (\/g)—(—tan‘l(\/g))=§ Al | Radians only
(b) i Plotting of 4 correctly with modulus and argument Bl
Plotting of B correctly relative to 4 Bl
Since B is obtained by rotating 4 by g radians in the
anti-clockwise  direction, the complex number | B/
represented by A4 is multiplied by i. Hence, the complex
number represented by B is iz.
Alternatively (using exponential form):
Since B is obtained by rotating A by g radians in the
anti-clockwise ~ direction, the complex number | B/
represented by B is e{TEJ = eig xe? =iz .
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1, o

4 @ | dy 3\/x+1—(3x+10)~5(x+1) M | Kmowtouse
- = product rule s.o.1.
dx x+1
3\/7 3x+10

2Jx+ 6x+6—3x—10_ 3x—4

E Al | Simplif
x+1 21t 21y Simplify

. : : 4
x-coordinate of turning point = 3 Al |o.e.
d
24(x+1)° Ey =3x-4 Reasonable
(b) 3 g & attempt to
2 )2 Ey +24J(x+1) a{ =3 M1 | differentiate wrt x

When xzi, d—y:0.
3 dx

2
2 Gﬂj ‘;xy 3= x=0.420848...= 0.421 (3 s.f.) M1 | Value seen

. . 4 . .
Hence, the stationary point at x = 3 1S a minimum. Al | MOAO

(6]
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5 i (@ |Letu=e".
U= z+1
u
2
u—z—IZO:u u 220 M1 | Join fraction
u u
- e —2)(e"+1
=2 (2
u e
The critical value is x=1n2. Al | Find critical value
| " >
B |
In2
Hence x>1n2. Al
_[1 e —2e " —l‘dx M1 each integral
(b) ’ in2 | with integrand and
n X —x x -x M2
:Io —(e —2e —1)dx+J.ln2(e —2e —l)dx correct limits
X —X 11'12 X —X . .
= [—e —2e +x]o +[e +2e —x] M1 | Correct integration
2
=In4—-4+e+— Al | o.e.
e
[7]
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WM _ = LM
6 | (a) dt1 M dt M1 Var'iable separable

J.—dM (ks $.0.1.
In|M| =kt +c Remove modulus
M =+e ™% = de™ A =+e M1 | after integration
When t=0, M =M, . Finds arbitrary
M=Mge™ M1 | constant
When t=5730, M :%MO.
1 —k(5730) sk 1
EM 0o =M_e =e = 5
By GC, £=0.00012096809 =0.000121 (3 s.f.) Al |o.e.
When M =0.2M,

b

®) 02M,=Me ™" =e™ =0.2 Ml
By GC, t=13304.64846 =13300 (nearest100) Al

[6]
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M1 Attempt to use

dy 1 M1 | product rule
—(xInx—x)=x-—+Inx-1
@ | gUinx-n=x+inx Al | Al Differentiate
correctly
=Inx AG
(b) | Volume generated = nf(ln x)2 dx M1 | Correct integral
e ¢ Att tt b
:n[(lnx)z-x} —nj x-21nx-ldx Ml en?p ous‘e Y
1 | X parts integration
=mn(e—0)-n[xInx—x] M1 | Use result from (a)
= (me—2m) units’ Al | Exact value
B 2 1 2 M1 for cylinder
(¢) | Volume generated =mn(e) (1)—=n J‘O (ey ) dx M2 MI for integral
=13.18 units’ (2 d.p.) Al
Alternatively (using Shell Method in H2 FM):
e M1 for limits
Vol ted =2 In x dx
olume generated nj1 xlnx M2 M1 for integrand
=13.18 units’ (2 d.p.) Al

[9]
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8 | (a) | Let N denote the foot of perpendicular of P to .
-3 2
ON=|1 |+a|1 , for some o e R M1 EindalinethatN
0 3 lies on
-3+2a) (2
1o 1122 M1 Substitute back
into plane
3a 3
—6+4a+1+a+9a=2:>a:% M1 | o.e.
-2
ON=[15| or N(-2,15,15) Al |oe.
1.5
(b) | Let P' denote the reflection of Pin ;.
— ' Attempt to use
ON = % Ml ratio tlll)eorem S.0.1.
—4 -3 -1
orP'=|3 |-|1|=]2 Al
3 0 3
2 2 -13
(c) | Normal vector of m, =| -1 x| 2 |=| 4 B1 | c.a.o.
5 3 6
Let the acute angle between both planes be 6.
2) (-13 2| -13
114 ll2] g 4 |leoso M1 Dot product.
3 6 3 6 formula s.o.1.
cosf = 4 =60=85.9°(1d.p.)orl.50rad (3s.f) Al
V3094
[9]
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(2)

y=sin"! px=>siny = px
dy

cos ya =p M1 | Differentiate wrt x
dv __p_ Al |
e sy =psecy AG Divide by cos y
5 : :
dy Differentiate
b = hel M1
(®) psecytany dx correctly
d’y Use identity and
Tz = psecytany(psecy) simplify (not
= p’sec’ ytan y needed but }Jsed to
=p’ tany(l +tan’ y) =p’ (tany +tan’ y) rr.lake working
simpler)
dy 5 5 5 Any equivalent
— = M1
o p (sec y+3tan” ysec y) expression
dy d’y dy M1 for any two
— —0. L=p. —2L = — =p. M2
When x=0, =0, dx P dx? 0 and dx’ p M1 for all correct
3
y=m+%x3+-.. Al oe.
dy p dy
y=sin" px=> == —u M1 | Find —
() dx 1- px? dx
Letting p =3, Y 3 1 1y .
& Jicoy  Jicow 3
3
1 : —%%(3x+3—x +.. J ;(34_277 2+___] M1 | Differentiate
—9x
%=1+9x2+ Al | o.e.
1-9x

[10]
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| YA
x==b|
|
|
|
| 4
AP
! b B1 for shape of
: / ( 4 Oj curve
: \/ a’ B1 forx and y
10 { (a) : > B4 | intercepts
| 0 x B1 for asymptotes
_______ T——--——————;:—_—a— B1 for equation of
I asymptotes
|
y=1£(x) |
[
|
|
4+ab
b =—a+ Bl
®) x+b
(1) Translate a units in the positive y-direction Bl
(2) Scale by a factor of parallel to the y-axis B1
4+ab
(1) Translate b units in the positive x-direction Bl
Let y =f(x)
4—ax
c =
© > x+b
xy+by=4—-ax M1 | Remove fraction
xy+ax=4-by
x:4_by:>f’1(x):4_bx Al
v+a x+a
R_, =D, =R\{-b} Bl | oe.
4-2a
d) | £*(2)= Bl | ca.o.
(d) (2) +a c.a.0
[12]
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x=28(0cosf+1) 3 =20(2—0sin0) Mldfortuse1 of
product rule
BRI 28(cos & —Osin 0) b 20(—sin & — O cos 0) M2 M1 for either
do do ot
derivative seen

dy _ 20(—sinf—0Ocosf) _ 5(sinf+6cosb)

dr  28(cos@—0sinf)  7(Osind—cosb) Al |o.e.

For tangent to be parallel to the y-axis,

®) ' 7@sin6-cos6) =0. ML s.o.i.

Al for rounding

By GC, 6=0.86 or 6=-0.86 (2s.f) A2 Al for values

When 6 =0.8603336, x =43.710697

ii M1 | Eith 1
B When 0= -0.8603336, x —12.289303 ither value seen
CD =43.710697—-12.289303=31.4 m (3 s.f.) Al
(ci) { From GC, 6=0. Bl
(cii) 28=28(fcosO+1) Obtain equation
fcos@+1=1=6Hcosd=0 M1 | or MO
o—+F A or B1 for each
2 value of 6
(ciii){ AB=10mm or 31.4m (3 s.f) Bl | c.a.o.
0.9(l CD) <AE< 1.1(l CDJ Find a range for
(d) 2 2 AE or calculate
14.1396273m < AE <17.2817667 m M1 | percentage o.e.

AE =40-26.956307=13.0m (3 s5.f")

Since AE does not lie within the range, the design of this
section of the track does not satisfy the condition / is not
safe.

A1l | Conclude

[14]
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12 () All the coefficients of the equation are real numbers and M1 Real numbers and
thus by Conjugate Root Theorem, CRT stated o.e.
1-2i is a root of the equation. Al { MOAO

(1+2i)° =1+4i-4=-3+4i .
(b) 3 ) i ) M1 | Either one seen
(1+21) =(1+21)(-3+41)=—-11-2i

“11=2i+ p(-3+4i)+ q(1+2)—-10=0

11-2i—3p+4pitq+2qi-10=0 My | Substitute and
) attempt to simplify
(—11—3p+q—10)+(—2+4p+2q)1 =0
Comparing real parts, Comparing imaginary parts,
—3p+q-21=0 4p+29-2=0 Either equation
3p+qg=21 ———() 2p+qg=1—-———(2) M1 | seen
MH-(2)
Sp=20=p=—4
Substitute p =—4 into (2) A1l | Either p or g seen
g=1-2(-4)=9
Attempt to long divide or compare coefficients Ml
The third rootis z=2. Al

1 1
Let z=—=w=—.

w z Knows to replace
© 1 1 1 1
w=— or w= - or w= - Ml | z=— s.0..
2 1+21 1-21 w
1 1+2i
w=— 0or w= Al |o.e.
2 5
[10]
END OF MARKING SCHEME
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