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4756 (FP2) Further Methods for Advanced Mathematics

1(a) M1 For [(1-cos26)®do
Area is J La?(1-cos26)? d6 Al Correct integral expression
0 including limits (may be implied
7 by later work)
:J 1a%(1-2c0s20+1 (L+cos46))do B1
0 For cos® 20 =1 (1+ cos 40)
Z%az [%H—Sin 264—%5“’]40]0 B1B1B1 .
a2 ft Integrating a+bcos26 + ccos46
=47a [ Max B2 if answer incorrect and
Al no mark has previously been
7 |lost ]
(0)(1) Applyin iarctanu =
M1 pplying QU T2
or y_ 1
dx sec?y
fg=—+
1+ (/3 +x)? Al
) _2(J3+%) M1 Applying chain (or quotient) rule
FW=r———%v Al
(1+(\/§+ x)z) 4
(i) | fO) =37 B1 Stated; or appearing in series
Accept 1.05
f'(0)=1, f"(0)=-143 M1 Evaluating f'(0) or f"(0)
arctan(v/3 + X)=17+%+X—7+/3 X% 4. AIALft |For ix and -1 43 X2
4| ft provided coefficients are
non-zero
iii h
(i) J Grx+ix?-13x%+.)dx
-h X M1 Integrating (award if x is
9 3 missed)
:[%nx +x3 -1 Bx% 4 AL ft
-h for Lx°
~(Lzh?+L1h®-Ly3h%)
~(zh?-Lh®-23n%)
3
=1h
Al ag )
3| Allow ft from a+ x+cx
provided that a=0
Condone a proof which neglects
h4
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1 .
2(3) | 4th roots of 16j=16e2"" are re)’ where .
r=2 B1 Accept 164
O=%7 B1
7 2krz )
0 Y + e M1 Implied by at least two correct
g1 s s (ft) further values
“T8% Tg7 3”7 Al or stating k=-2, -1, (0), 1
A
M1 Points at vertices of a square
centre O
or 3 correct points (ft)
™ or 1 point i h d
Al point in each quadrant
6
|
M1 For el%e71? =1
(b)) | @-2e'%)1-2e719)=1-2e% —2e710 14 Al
=5-2(e) +e71%)
=5-4cosé Al ag
3
OR
(@—2cosd —2jsinB)(L—2cosf + 2jsin ) M1
=(1-2cosd)? +4sin? 6 Al
=1—4c0s 0 +4(cos? @ +sin? 6)
=5-4cosd Al
(i) | C+js=2el? +4e20 18e3¢ 4 42N gn? M1 Obtaining a geometric series
2619(1_(2610)n) M1 Summing (MO for sum to
= 12010 Al infinity)
_2el7(@1-2"e"?)1-2e71%)
1-2el%)1-2e71%) M1
2e]9 _4_2n+1e(n+1)j¢9 +2n+2enjn9
5—4coséd A2
Give Al for two correct terms in
c- 2c0s6 —4—2"1 cos(n+1)0 + 2™2 cosné ML numerator
5 4cosd Al ag Equating real (or imaginary)
H _ o+l o n+2 i parts
S 2sin@—-2""sin(n+1)8+2""“sinnd
5—-4cosé
Al
9
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3 (i)

Characteristic equation is

(7T-A)(-1-21)+12=0 M1
2> -61+5=0
A=1,5 AlAl
6 3 0
When A=1, T3 - X M1 or X1_
-4 -1)\y y -4 -2)\y 0
can be awarded for either
7X+3y =X M1 eigenvalue
—4x-y=y Equation relating x and y
y=-2x, eigenvector is ( J
- Al .
X or any (non-zero) multiple
When 4-5, ( jU []
7x+ 3y =5x
—4x—y =5y M1
. (3
y=-%x, eigenvectoris ( j
-2 SR (M-Al)x=Ax can earn
Al 8 M1A1A1IMOM1AOM1AO
(i) 1 3
P= _2 _2 B1 ft BO if P is singular
510
o 5 B1 ft For B2, the order must be
2 |consistent
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(iii)

M=PDP™"
M"=PD"P*

1 0) ,
=P P
05
(1 3)(1
-2 -2]Jlo
(1
—2
_1(-2+6x5"
4| 4-4x5"

-_1,3 n
a= 2+2><5

c=1-5"

03)1(-2 -3
5" Jal 2 1

3x5" J1(-2 -3
—2x5"]4( 2 1

—3+3x5"
6—2x5"

J

M1
M1

Al ft

B1 ft

M1

Al ag

A2

May be implied

Dependent on M1M1

For P~

1 3)1( -2 -3
or =
-2 -2)4(2x5" 5"
Obtaining at least one element
in a product of three matrices

Give Al forone of b, c, d
correct

SR If M"=P1D"P is used,
max
marks are

MOM1AOB1M1A0A1l
(d should be correct)

SR If their P is singular, max
marks
are M1IM1A1BOMO
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4 (i) 1" +e™)=k M1 or cosh x+sinh x = e*
e —2ke* +1=0 M1 or k+vk?-1=¢"
2
ex - HKEVAKT ~4 “‘2”‘ “4 k1
x=In(k +vk? 1) or In(k—vk?®-1) Al One value sufficient
2 2 k2 (k2 _1) = . .
(VK ~D)(k—Vk? ~1) =k - (k? -1 =1 M1 or cosh x is an even function
In(k —vk? -1) = In(;) =—In(k +vk? -1) (or equivalent)
k+vk?-1
x=+tIn(k +vk? -1)
Al ag
5
(i) M1 For arcosh or
IN(Ax +VA%x% - ...)
Al or any cosh substitution
, For arcosh2x or 2x=coshu or
2
J ;dxz{%arcosh ZX:I |n(2X+\/4X2 —1) or In(X+ XZ—%)
2
1 Vax* -1 1 Al For 1 or [du
=+ (arcosh4—-arcosh2) M1
L Exact numerical logarithmic
(@) -In@+v3) ) | Ay form
5
(iii) | 6sinh x—2sinh xcosh x =0 M1
coshx=3 (or sinhx=0) M1 Obtaining a value for cosh x
x=0 Bl
x =+ In(3++/8) Al or x=In(3++8)
4
OR e* -6e* +6e*-1=0
(e —1)(e®* -6e* +1)=0 M2 or (e*—e™*)(e*+e*-6)=0
x=0 Bl
x = In(3++/8) Al
(iv) | dy _
a_ecoshx—2cosh2x B1
If 3—y=5 then 6cosh x—2(2cosh? x-1) =5 M1 Using cosh 2x = 2cosh? x-1
X
4cosh? x—6coshx+3=0
Discriminant D =6° —4x4x3=-12 M1 Considering D, or completing
square, or considering turning
Since D <0 there are no solutions Al point
4
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OR Gradient g =6cosh x—2cosh 2x Bl
g’ =6sinh x—4sinh 2x = 2sinh x(3—4 cosh x)
=0 when x=0 (only) M1

g"=6cosh x—8cosh2x=-2 when x=0 M1
Max value g=4 when x=0

So g is never equal to 5 Al Final Al requires a complete
proof showing this is the only
turning point
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5 (i) A=-1 2=0 2=1
A /
y / 47 31
She— - ] B1B1B1
\L X x
cusp loop B1B1 Two different features (cusp,
5|loop, asymptote) correctly
identified
(i) | x=1 Bl
1
(iii) |Intersects itself when y=0 M1
t=(+)VA Al
A
— 0
( 1+ 4 ) Al
3
(iv) |dy ..
E—SI A=0 M1
\F
:i —_—
3
o A
1+% 3+4 Al ag
1.3 a1
y—i( (E)2 —/1(5)2 J
M1 One value sufficient
(5% -+ 5)
=t Q| = =222
33 43 33
423
:i —_—
27 Al ag
4
(v) |From asymptote, a=8 B1
. . . at
From intersection point, — =2
P 1+ 2 M1
1
A==
3 Al
: . /4/13
From maximum point, b,|— =2
27 M1
b=27 Al
5
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