2
1@) | fx) =4x<1—2x2+§x4+---) B1
(2x)*  (2x)*
=4x<1_ a2l M1
= 4x cos(2x) Al
ff(x) dx = f4x cos(2x) dx M1
1 1 .
= 4x (E sm(Zx)) —4 (—Zcos(ZX)) + C = 2xsin(2x) + cos(2x) + C M1A1
Alt.1(a) | f(x) = Asin(2x) + 2Ax cos(2x) — 2 sin(2x) = (A — 2) sin(2x) + 2Axcos(2x) B1
(2x)®*  (2x)° (2x)*  (2x)*
=(A—2)<2x— St b | 2Ax (1=
M1
16 8 8 8
_ _ 3(_22 ° s(Ca_ 2\, ..
=x(4A—4)+x ( 3 A+3>+x (SA 15)+
x(AA—4)=4x=>A=2>= f(x) = 2(2)x cos(2x) = 4xcos(2x) M1A1
Checks for consistency:
16 8
4=2=23(-2@+3) = -8
8 8 8
— 5(_ — | =_45
A=2>x (5(2) 15) 37X dM1A1
~ f(x) = 4xcos(2x) is consistent with the given Maclaurin series expansion
.[f(x) dx = 2xsin(2x) + cos(2x) + C
(6)
b4 s
1(b ’ dx = 4 2xsin(2 2 2 M1
(b) E_EJE f(x) x—;[xsm( x) + cos( x)]E
2 4 4 4
4 T 4
(n(O)—l—E(l)—O)z——(—+1) o.e. Al

T \2

T




(2)

(5 marks)




Zln QZ:);ﬁ) = Zln(r +3)—In(r + 1) B1
= a4 — In(2)
+ 15> — In(3)
+4(6) — k)
.
M1A1
+Hirte+H —Inbe—b
+In(x + 2) — e
+1n(x + 3) —lnGe+1)
= In(x +2) + In(x + 3) — In (6)
f (nCx + 2) + In(x + 3) — In(6)) dx M1
= (x+ @) In(x + @) + (¢ + b) In(x + b) — 2x — x In(6) [+C] B1
=(x+2)In(x+2)+ (x+3)In(x+3)—2x —xIn(6) + C o.e. Al
(6)

(6 marks)




ex+iy _ e—(x+iy)

3(a) sinh(x + iy) = > B1
_e*[cos(y) + isin(y)] — e [cos(y) — isin(y)] M1
- 2

X _ ,—X X 4o X
= cos(y) (%) + isin(y) (%)
Al
= cos(y) sinh(x) + i sin(y) cosh(x)
(3)
T, 1 3
3(b) e3' = 5 + \/7_1' = cos(y) sinh(x) = - M1
1 3
cos(y) sinh(x) = > sin(y) cosh(x) = \/7_ Al
1 V3
o i = = Bl
sinh(x) 2c0s(y) and cosh(x) 2500
cosh?(x) —sinh?(x) =1 = 3 - ! =1
B 4sin2(y) 4cos2(y)
M1
=~ 3cos?(y) — sin?(y) = 4sin?(y) cos?(y)
« 3(1 = sin®(y)) — sin?(y) = 4sin®*(y)(1 — sin?(y))
s 4sin*(y) — 8sin?(y) +3 =0 M1
(2sin?(y) — 3)(2sin?(y) — 1) = 0 = sin(y) = -
6 2
sin(y) # i\/T_ orsin(y) = i\/?_ Al
2
Since cosh(x) > 0,sin(y) > 0 = sin(y) = \/7_ B1
T 3
ny=—+42nkory=—+2nk,Vk € Z* Al

4 4




7cosh(x) = 73 = cosh(x) = \/—E M1
. x = cosh™? ?)
<\/€ + ﬁ)
=In o0.e
2
(10)

(13 marks)




a
Letv = (b)
c

lv|=1=2a?+b?+c%2=1 B1
2

v'(2)=0=>2a+2b+c=0 B1
1
1 1

v-|0]|=|v||0]cos(45) 2 a+c=1=2a=1-c¢ B1
1 1

2= +b*+c*P=122c>-2c+b*=0 M1

1
2(1—c)+2b+c=0:>b=§(c—2) M1

1 2
s 2c2—2c+ <§(C_ 2)) =0

1 M1
.'-2c2—Zc+Z(c2—4c+4)=0
29?2 —-12c+4=0=>(Bc—-2)?*=0=>c=--
2 1 2
c 3=>a 3andb 3
1/ 1
v=§ —2 ] o.e. Al
2
®

(8 marks)




Represents net growth rate of algae.

5(a)(i) | Where the constant 2 suggests continous/constant birth rate ... Al
While — x indicates a death rate proportional to current population.
(@)(ii) | Frog population declining at a rate proportional to current population. Al
(2)
) 1
5(b)(i) fz_xdxzfdt:—ln(z—x)=t+c B1
Usingx(0) =0=>—-In(2)=c=>—-In(2—x) =t —In(2) M1
2
=el=>2—-x=2et3x=2-2e" Al
2—x
. 1
5(b)(ii) J-Edz = —fdt =>In(z) =—-t+c B1
Using z(0) =5 = In(5) = ¢ = In(z) = —t + In(5) M1
5 5
:-t=ln(—):»et=—:z=56‘t Al
z z
(6)
d
d_}t]: 2—2et—2y+5et
5(c) B1
dy _t
--E+2y—2+3e ,SO0IF = ---
IF:edetzeZt M1
d eZt
(dty) =2e?"+3et>e*y=e?+3e'+c>y(t)=1+3et+ce M1
y(0)=1=21=1+3+c=>c=-3=>y(t)=1+3e*—3e7% Al
dy d?y dy d*y _dy
Alt.5(c) | . = =2 “t_2 — 2= Bet_2 2L "2 49277 _ _3pt B1
© s + 3e y = ar2 3e = = ai2 + it 3e




Auxiliary equation: m? +2m=0=>m(m+2)=0=>m=0,m = -2
M1
SoC.F.isy=A+Be %
d d?
P.Lisy=2et= & —Ae‘t,—y =let=>21=3
dx dt?
M1
~G.S.isy=A+Be % +3et
y0)=1=>1=A+B+3=>A+B=-2
d
& o _2Be? -3¢t
dt
Al
d d
Whent=0,—>=2+3(1)-2(1)=3=>-2 = _28-3=3=B= -3
dt dt
cy()=1+3et—3e 2
(4)
2 10
5(d) Se‘t=2—29‘t:>e‘t=;:>t= 1.25=>Z(1.25)=7 B1
79 10
y(1.25) = 14+ 3e71%5 —3e72(125) = —— 5 —
49 7
Al
=~ "All three populations never equal at any point in time" 0. w.t.t.e.
(2)
5(e) Ast - o0,x - 2,y = 1,z = 0,so model is unrealistic ... B1
e As population is unlikely to remain static, OR
Al
e Because if there are zero frogs, the whole ecosystem changes
(2)

(16 marks)




0 1 1 0
6 2 _ -z(_>:___ (_) B1
€)) r sin 2 5 2cos >
] . 1 1
Method to find areas of Regions A and B: 4 lzf r? do _Ef r? del B1
s
s - 3on(3) - Lon(2)
egion B: 2% 5~ 508 (5 2). 3 5C0s |5
M1
_ [ 1 o do : 1 o deo
= Jo (1-cos(3)) do - [ (1 eos(3))
2
“[p-2on G-z )]
= Sin > % Sin > 0
Al
=m-2(D) —5+VZ-5+2
=2v2-2
3n
Region A: 4 1[7(1 1 <9))d9 1.[”(1 1 (9>>d6
egion A: 2) 3 5C0s |5 2;2 5 €08 |5
M1
3n
[ 1 o do i 1 o do
=) (1 eos(3)) a0 - | (1-co(3)
2
0 3m o\
=[9—251n<—>] 2 —[9—251n(—>]rr
2 A 2 7
3 Al
=7n—\/7—n+2—n+2+g—\/§
=4-2V2
1
x(2v2 - 2) = 5 (2(4 - 22)) dM1
_4-2V2 A1

X = =
2v2 -2




(8)
6(b) Border is modelled as having a negligible width, which is unrealistic. Al
If border width is considered, answer to part (a) will be smaller OR
Al
Answer to part (a) is an overestimate
(2)

(10 marks)




T

7 Letarg(z—Z)=aandarg(z+2)=b=>a—b=z M1
~ tan(a) = and tan(b) = Y B1
x—2 x+2
tan(a) — tan(b)
U t —b) = M1
seof tana=b) = I @) tan(b)
/s Lz_ Lz y? y Yy
.'.tan(—)= X = X+ =1+ = - M1
4 y Yy x—2)(x+2 x—2 x+2
1+(322) (752) (r=2)x+2)
c(x=2)x+2)+yi=y(x+2)—y(x—2)
wx2—44+y =xy+2y—xy+2y M1A1
=~ x2+ (y — 2)? = 8 = Locus of z is circular.
~. Radius = V8 = 2v2 AND
Al
Centre at (0,2)
s
a—b=Z>0za>b
Geometrically, a > b only true when chords a and b are above the x — axis ... Al
=~ Locus of z is a circular major arc, with endpoints at (2,0) and (—2,0).
z—2 i
Alt.7 ( ) L M1
ars zZ+ 2 4
x+iy—2 T
g( .y ) == B1
x+iy+2 4
[x =2]+iy\ =« ([x = 2] + iy)([x + 2] — iy) /[
[x+2]+iy/ 4 ([x + 2] + iy)([x + 2] — iy) 4
[x2—y2—4]+i[4y]\ m™ x*>—y?—4 4y
arg =— = M1
(x+2)2+y? 4 (x+2)2+y? (x+2)2+y?
wx?—y?—4 =4y = x?+ (y—2)? =8> Locus of z is circular Al




~ Radius = V8 = 2v/2 AND

Al
Centre at (0,2)
Since argument is positive, Re(z) > 0 and Im(z) > 0
fx?2+y?2—4>0=>x*+y?2>0and4y>0=>y>0

M1A1

Geometrically, both conditions exclude the minor arc of the circle.
=~ Locus of z is a circular major arc, with endpoints at (2,0) and (—2,0).

(8)

(8 marks)




n=1=2A'=Aand 1)A— (1-1DI=A> True forn=1 B1
Assume true forn =k = A* = kA — (k — DI M1
Inductive leap:n =k + 1= A1 = A*A' =[kA— (k — DI|A = - M1
kK 0 k—1 0 1 0
[(Zk k)_( 0 k—1)](2 1)
(1 0y/1 O
=G DG 1) ML
=( 1 0)
2k+2 1
_ (k +1—-k 0 )
“\2(k+1) k+1-k
k+1 0 1 0
= —k
(2 k+1 k+1> ( )
( ) 0 1 AL
_ 1 0 1 0
=k+(, )-lk+D-11(; ;)
=k+DA-[(k+1)—1]1
Hence,if true for n = k,then the statement is true forn = k + 1.
Al
Sincen = 1is also true, the statement is true Vv n € N.
(6)

(6 marks)




