June 2006
6675 Further Pure Mathematics FP2
Mark Scheme

Question Scheme Marks
number
1. X -X X _ aX Bl
g e e | ei-et)
2 2
3 -22e*+7=0 M: Simplify to form quadratic in e* M1 Al
. M1 Al
(3" -1(e*-7)=0 e’ = % e =7 M: Solve 3 term quadratic.
x=|n%(or—ln3) x=1In7 AL ©)
6 Marks
2 (@) | Using b® = a®(1-e?) orequiv. to finde orae: (a=2andb=1) M1Al
o3
2
Using y® = 4(ae)x y? = 4+/3x (M requires values for a and e) | M1 AL(4)
(b) X = —/3 Bift (1)
5 Marks
3. p:E s:IesinW Cosl/jdl//:esint// (+ k) M1 Al
dy
(M mark may be scored by a full substitution method)
s=0at y=0: k=-1 s=e" 1 M1 Alcso
(4)
(M mark requires a k, or use of limits) 4 Marks




Question

Scheme Marks

number
4. dy 2X _dy * dy 2X M1 Al
v N2 M: === 22 P 2
dx 1+4(x%) dx 1+4(x%) dx 1+x
d’y 2+ xYy-2x4x® ([ 2-6x" M1
dx? 1+ x*)? (1+x%)?
, g M1 Alcso
[1+ (gyJ J 3
X 1+1)2
p = > = ( )
d’y -1
dx?
3 Alcso (6)
=-2v2  (or 2V2) (or exact equivalent, e.g. \8, 22)
6 Marks
2" M: Quotient or product rule attempt. (Chain rule, if used, must be
‘good’.)
3 M: Attempt p with derivative values
A: Correct derivative values (1 and —1) seen or implied by working.
Alternative: (involving implicit differentiation).
sec’ y% =2X [M1 A1] (allow one ‘slip’ for M1)
X
2 M1
sec’ yd—¥+d—y~23ecy(secytan y)d—y=2 [(M]
dx® dx dx

(or alternative

dy d?y

e.g. &=2xcos2 Yy, SO 2 =2c0s” y + 2x-2¢0s y(-sin y)g—i)

Then marks as in main scheme (n.b. tany =1, sec® y = 2).




Question

Scheme Marks

number
> @ | dy_ 4sech?4x -1 Bl
dx
Put % =0 (cosh?4x=4  cosh4x =2) M1
X
4x=In(2++/3) or 8x=In(7+4/3) or e” =2++/3 or e =7+443 |Al
(zor+)
X = %In(Z ++/3) or x =%In(7 +44/3) (or equiv.) AL ()
(b) y = —%In(z + \/§) + tanh(....) (Substitute for x) M1
M1
sech4x:%=x/1—tanh24x, tanh4x:§
AL (3)
yzg—%ln(2+x/§)2%{2\/5—In(2+\/§)} *)
7 Marks

(a) *Second solution’, if seen, must be rejected to score the final mark.
(b) 2" M requires an expression in terms of V3 without hyperbolics,
exponentials and logarithms.




Question

Scheme Marks

number
6. @ | dx 1 dy Zt,% B1B1
dt t  dt
1) 1)? L te1 M1, Al
\/(1¥j +(2t_2j y = 1+—+—2:l — L
4 M1 M1 Al
Length = (1+%jdt=[t+lnt]f=(4+In4)—1:3+ln4 (*) )
1
(b) | Surface area =
4 1 2 1) J L 2 M1
27zj N (1——) +(2t 2) dt [:874 (t2+t ZJdt]
1 t 1
3 4 M1 M1 Al
2 1
_en) 22z | — 8y (§+4j_(g+2j _ 1607 (53l”j (4)
3 3 3 3 3
1
11 Marks

Note dependence of M’s.
(a) 2" M: Complete integration attempt. 3 M: Subs. correct limits and
subtract.

(b) 2" M: Complete integration attempt. 3" M: Subs. correct limits and
subtract.

In (b), missing 2 or = or 27 throughout could score MO M1 M1 AO.
If 2 is there initially, then lost, could score M1 M1 M1 AO.




Question

Scheme Marks

number
7. J‘ hxd X3 h J- M1 Al Al
x-arsinhx x_—arsm X —
3Wx2+1
3 3 Bl
{?arsinhx} = Q9arsinh3 (or 9In(3+\/ﬁ))
0
M1
Let u=x>+1 d—u:2x {uzzx2+1 2ud—u—2x}
dx dx
1 M1
I - Iu 11du:£I uz—u 2 |du Fj'(uz—l)du}
3 y22 > 6 3
u
M1
2 1 3
_La —2u? 1 LY
6| 3 3| 3
Whenx =0, u=1and whenx =3, u=10 l ..... u:\/EJ M1 Al
3 10
1l2uz _ 1| 1](20410 2
- —2u?2| == —-2410 |-| ==2
6| 3 6{[ 3 \/_] (3 J}
1
Alcso (10)
Area = 9arS|nh3—E(l4;/_ :J 9In(3+ \/_)——(7\/_+2) (*)
10 Marks

Dependent M marks:

M: Choose an appropriate substitution & find c;_u or ‘Set up’ integration
X

by parts.

M: Get all in terms of ‘u’ or Use integration by parts.
M: Sound integration.

M: Substitute both limits (for the correct variable) and subtract.




Question
number

Scheme Marks

7.

Alternative solution:

Let x =sinh@& % =cosh @
dé

Ixzarsinh xdx = Iesinhz @coshddo

_ | 6sinh®0
3

. 3 arsinh3
{esmh 9} = Qarsinh3
3 0

} - J%sinh 6’(cosh2 6’—1)d0

3
J‘%sinh o(cosh?0-1)d6 = %[cosg 9 _cosh 9}

% {00523 A~ eIrsmh?’ = {(10\/_ \/—J ~ (_ ~ j}

Area—9arsmh3—§(£ 2} 9In(3 J_)_é(7\/ﬁ+2) *)

M1
M1

M1 Al Al

Bl

M1

M1 Al

Alcso
(10)

10 Marks




Question

Scheme Marks

number
7. _ X3
A few alternatives for: J. dx
Vx4l
M) Let u=x? d—u:2x
dx
§
I\/1+ u I\/1+ u
No marks yet. .. needs another substitution, or parts, or perhaps...
u To0 - 1 M1
\/1+ v1+u
M1
—|v1+udu-=
j I\/lT
1
%(1+u)z—(1+u)z M
Limits (0to 9) M1
(i) Let x=sinh@ ﬁzcoshe M1
do
inh3 M1
Ismh 4 .cosh@dé = J'sinh 9(cosh2 6 —1)d0
coshé@
Then, as in the alternative solution,
3 M1
J‘%sinh 6(cosh? 0 -1)d6 = %{COSh 9 _cosh 49}
Limits (0 to arsinh3) M1




Question

Scheme Marks

number
£ (i) Let u=tané du_ sec’ @ M1
do
3 M1
Itan ;-secz 0do= jtan fsecolsec’ 0-1)do
3 M1
= jsec2 O(secHtan 6)d o - j(secﬁtan 0)do = > O _seco
Limits (secezlto secH:x/E) M1
(iv) | (By parts... must be the ‘right way round’, not integrating x?)
u:xz,d—u=2x v__ X , V=414 x? M1
dx dx A1+ XZ
X1+ x? —IZX\/1+ x* dx M1
3 M1
x*/1+ x? —%(x2 +1)2
Limits M1
(v) | (By parts)
u=x’, d—u:3x2 ﬂ:; v = arsinh x No progress MO
dx dx A1+ X2
(vi) X+ -x  x(x*+D) X M1
V1+x® V1+x2 Ji+x2 A1+ x°
IX‘/“ x? dx—j X dx M1
1+ x?
3 1 M1
= %(1+ x2)2 -~ (1+ x2)2

Limits

M1




Question

Scheme Marks

number
8 (@) jx” cosh xdx = x“sinhx—'[nx”‘lsinh x dx ML AL
na; n-1 n-2 Ml
= X"sinhx —nx""cosh x+ n(n—1) | x"“cosh xdx
I, =x"sinhx—nx""coshx+n(n-I,, (¥ Al (¥
(b) | 1, =x*sinhx—4x®coshx +12l, M1
I, = x*sinh x — 4x® cosh x +12(x? sinh x — 2xcosh x + 21, ) M1
(This M may also be scored by finding 1, by integration.)
I0=J.coshxdx=sinhx+k Bl
1, = (x* +12x2 + 24)sinh x, + (- 4x® - 24x)coshx  (+C) Al, AL(5)
(©) | [(x* +12x2 + 24)sinh x + (- 4x* — 24x)cosh x],
= 37sinh 1 — 28cosh 1 M: x = 1 substituted throughout (at some M1
stage)
37 e—e _og e+e M1
2 2
M: Use of exp. Definitions (can be in terms of x)
~ 1 (0e - e5e ) AL O
2
12 Marks

(b) Integration constant missing throughout loses the B mark




nQuuriSbté?n Scheme Marks
9. @) 2 2 M1
x_2+—(mxtc) 1 b2x? +a%(mx +c)? = a’b?
a b
(b2 +a?m? )x? + 2amex + a%(c? —b? )= 0 * |Al (@
(b) (2a?mc)’ = 4(b? +a’m?Ja2(c? —b?) M1
4a‘m?c? = 4a%(b’c? —b* +a’m?c? —a’m%?)  c¢? =b? +a’m? Al (2
(*)
(c) | Find height and base of triangle (perhaps in terms of c). M1
fi-2 2,2 Al
OB =c (:\/b2 +a2m2) and AO= % LZ b+—mam}
2 2 2m? M1 Al(4
Area of triangle OAB = c . bZ+a'm” M: Find area and subs. for c. )
2m 2m
(d) b?+a?m? b? , a2 M1 Al
A=————=—m" +—m
2m 2 2
2 2 2
d_Az_b_m‘2 a_=0 b_=a2 m:E
dm 2 2 2 a
2 2 Al (3
A= b_[ij+ a_[R]:ab (*)
2 \b 2 \a
e —a’ M1
) Root of quadratic: x = % (Should be correct if quoted
b +am
directly)
Using m:E and ¢ = Vb +a?m?: x=-——— MLAL(@)
a 72
(The 2" M is dependent on using the quadratic equation). 14 Marks
(d) | Alternative: b? +a’m? > 2bam (since (b—am)? >0) [M1]
2 272
ﬂ > ab [A1]
2m
Conclusion [Al]
(e) Alternative:
Begin with full egn. (b? +a’m? k2 + 2a?mex+a?(c? —b?)=0.
[M1]

In the egn., use conditions m =g and ¢ =vb? +a’m? (=b+/2)

Simplify and solve egn., e.g. 2x? +2av/2x+a’> =0 x= —%




	6675 Further Pure Mathematics FP2
	Mark Scheme
	.


