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Section A
1 X+2=1=x=-1/3 Bl x = —1/3 from a correct method — must be
X+2=—-1 M1 exact
=x=-1 Al
or (Bx+2)°=1 M1 Squaring and expanding correctly
=  9x*+12x+3=0
=  3¢+4x+1=0
= (Bx+1(x+1)=0 Bl x=-1/3
= x=-13orx=-1 Al X=-
[3]
2 X=%% Bl
cos 0="1% M1
= 0=nl3 Al MZ1AO for 1.04... or 60°
[3]
3 fg(x) = In() M1 In(<*)
=3Inx Al =3Inx
Stretch s.f. 3 iny direction Bl
[3]
4 T =30+20e° =50 B1 50
dT/dt = —0.05 x20e 0% = g 0.0% M1 correct derivative
Whent=0,dT/dt=-1 Alcao | -1 (orl)
When T =40, 40 =30 + 20e %% M1 substituting T = 40
= e 00t_1, M1 taking Ins correctly or trial and
—~  _005t=In% improvement — one value above and one
Alcao below

=  t=-201In%=13.86.. (mins)

(6]

or 13.9 or 13 mins 52 secs or better www
condone secs
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4753 Mark Scheme June 2005
5 Il X _dx letu=2x+1
°2x+1 M1 Substituting _U-lge
=du=2dx,x=u-1 2x+1  2u
2 1pu-1
When =0, u=1, when x=1,u =3 Al 4 #=2du 0. [condone no duj
Zu-1
J' 2 Lau = —fu L4 Bl converting limits
=5 L (1—E)du
= l[u—lnu]f M1 dividing through by u
i‘ Al l[u—ln u] o0& — ft their ¥4 (only)
= Z[Sfln371+lnl] 4
=¥ (2-1In3) El must be some evidence of substitution
(6]
6 y=_X _ _ _ o
2+3Inx M1 Quotient rule consistent with their derivatives
; -1
(@2+3Inx)1- x.g a1 or product ruIe + chain rule on (2+3x)
= Wy _ X —(Inx)— SO
dx (2+3Inx)? X
Al correct expression
— 2+3Inx-3
(2+3Inx)?
— 3Inx-1
(2+3In x)?
When 9 =0,3Inx-1=0 M1 their numerator = 0
dx (or equivalent step from product rule formulation)
= Inx=173 MO if denominator = 0 is pursued
= x=e® Alcao | x =gl
1/3 1
= y= & _1as o ]
541 3° M1 substituting for their x (correctly)
Alcao | Must be exact: —0.46... is M1A0
[7]
7 v +y=x3+2x
X=2=>y+y=12 M1 Substituting x = 2
= y2 +y-— 12=0
= (-3y+4=0 AL 1y=3
= y=3o0r-4. Al y=-4
dy  dy
2y—= o dx =3x"+2 M1 Implicit differentiation — LHS must be correct
= ﬂ(2y+l)=3x2+2
dx
= dy_3x'+2 Alcao
dx 2y+1
At(2,3), &y _12+2 -5 M1 substituting x = 2, y = 3 into their dy/dx, but must
dx 6+1 require both x and one of their y to be substituted
Alcao |2
Cdx -8+l Alcao | -2
(8]
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Section B
8 (i) AtP,xsin3x=0 M1 xsin3x=0
= sin3x=0
= 3X=nx Al 3x=mor 180
= x=m/3 Alcao | x=n/3 or 1.05 or better
[3]
(i) Whenx=m/6,xsin3x= " % =7~ El y=7 orxsin3x=x = sin 3x = 1 etc.
6 2 6 6
= Q(n/6, n/6) lies on line y = x [1] Must conclude in radians, and be exact
(iii) y = xsin 3x Bl d/dx (sin 3x) = 3cos 3x
- dy_ 053X+ 5in3 M1 Product rule consistent with their derivs
I ocosoxasIneX Alcao | 3x cos 3x+ sin 3x
dy 7« T T =
AQ, = =530 +sin= =1 ML | substituting x = /6 into their derivative
Alft =1 ftdep 1¥ M1
= gradient of y = x B . B
So line touches curve at this point [Eﬁl] = gradient of y = x (www)
(iv) Area under curve = '[Exsin 3xdx
0
Integrating by parts, u = x, dv/dx = sin3x
=Sv=_1 3 M1 Parts with u = x dv/dx = sin 3x =
3 v=—Lcos3x [condone no negative]
z . 3
J'OB xsin3xdx = {—%xcos BX}6 +‘[05%c053xdx Alcao
0 7
= | Alft ...+Fsin C-Bx}6
= 1 r 1 1. 6 9
—f.—cos—+f.0.coso+{fsm3x} S0 L
36 2 3 9 B M1 substituting (correct) limits
=1 Al 1 www
9 9
Areaunder line= 1,7 7 = 7* B1 z
2 6 6 72 72
So area required = 7~ _1
72 9
2 8% El wWww
[7]

72
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9 (i) f(—x) = In[1 + (—x)?]

M1

If verifies that f(—x) = f(x) using a
particular point, allow SCB1

reflections iny = x.

[5]

=In[1 + x4 =f(x) El For f(—x) = In(1 + x?) = f(x) allow M1EO
For f(—x) = In(1 +- x) = f(x) allow M1EO
Symmetrical about Oy [Bsﬁ or ‘reflects in Oy’, etc
(i) y=In(1+x%) letu=1+x? M1 Chain rule
dy/du = 1/u, du/dx = 2x Bl 1/u soi
dy _dy du
dx du dx
- - 2 Al
u’ 1+ %2
When x = 2, dy/dx = 4/5. Alcao
[4]
(iii) The function is not one to one for this Bl Or many to one
domain [1]
(iv) ®3)
M1 a(x) is f(x) reflected iny = x
Reasonable shape and domain, i.e. no —ve x
Al values, inflection shown, does not cross y =
x line
3)
Domain for g(x) =0<x<1In 10 Bl Condone y instead of x
y=In(1+x°) xovy M1 Attempt to invert function
x = In(1 +y?%) M1 Taking exponentials
=  g=1+y
= g-1=y )
oy = -1) El g(x) = V(e* — 1)* www
s0 g(x) = V(" — 1)*
or g f(x) = g[In(L + x3)] M1 forming g f(x) or f g(x)
[ (e M1 In(1+x%) —1+ x>
=+e n(1+x“) -1 e =1+X
=(1+x)-1 orinl+e" -1)=x
— E1l WwWw
[6]
V) g (x)=% (-1, ¢ Bl v u? soi
=g (In5) =% ("™ 1), " B1 x €"
=% (5-1)".5 M1 substituting In 5 into g’ - must be some
=5/4 Elcao | evidence of substitution
Reciprocal of gradient at P as tangents are 81 Must have idea of reciprocal. Not ‘inverse’.

PMT



PMT

Mark Scheme 4753
January 2006



Section A

[EEN

y=(1+6x)"

Chain rule

= % :%(1+ 6x)2°.6 M1 T L
- -2/13 QF =+ ,,-2/3
- 2(1 + 6X)—2/3 Bl 3(1+6X) 3U
= 2[(1 + 6x)"*]2 Al any correct expression for the derivative
= 2% wWww
y? El
o y=1+ex ML | Findingxintermsofy
= x=(y’-1)/6 Al
= dx/dy =3y/6=y/2 B1 y’I2 o.e.
= dy/dx = 1/(dx/dy) = 2/y* * E1
or y*=1+6x M1 together with attempt to differentiate implicitly
3y? dy/dx
= 3y’dy/dx=6 Al =6
Al
= dy/dx = 6/3y* = 2ly* * El
[4]
2() Whent=0,P=5+a=8 M1 substituting t = 0 into equation
=a=3 Al
Whent=1,5+3e"=6 M1 Forming equation using their a
=e"=1/3 _ .
—~ _b=In1/3 M1 Taking Ins on correct re-arrangement (ft their a)
=b=In3=110(3s.f) Alft
(i) 5 million Bl orP=5
[6]
3(i) In (3x%) B1 2Inx = In x?
B1 Inx?+1n 3 = In 3x?
(i) In 3x* = In(5x + 2)
= 3x?=5x +2 M1 Anti-logging
= 3%’ —5x—2=0*% El
(i) Bx+1)(x-2)=0 M1 Factorising or quadratic formula
=x=-1/30r2 Alcao
x =—=1/3 is not valid as In (-1/3) is not defined B1ft ft on one positive and one negative root

[7]
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4 (i) v._, B1
dt
(i) tan 30 = 13
=r/h
= h=+3r M1 Correct relationship between r and h in any form
=y :Ezzrz.ﬁr :ﬁﬂ3* From exact working only
3 3 El
= o.e.e.g. (3V3/3)n r
ar =V B1
(iii) When r = 2, dV/dr = 4v3n
av _dv dr or dr _dr dv
dt  dr dt M1 dt  dvdt
=  2=4\3n dr/dt substituting 2 for dVv/dt and
M1 r = 2 into their dv/dr
= dr/dt = 1/(2V3n)
or0.092 cms™ Alcao
[7]
5(1) y*=2xy+x°
= 2dy _, dy d
3y i 2X dX+2y+2x B1 3y2£:
= 2 dy _
3y _ZX)&_ZHZX B1 2x%+2y+2x
o dy 2x+y) * M1 collecting dy/dx terms on one side
dx 3y*-2x El www
(i) 9x _ 3y? —2x
dy  2(x+y) Blcao
[5]
6(i) y=1+2sinx yex M1 Attempt to invert
= x=1+2siny
= Xx-1=2siny
= (x-1)/2=siny Al
= —arcsin =4 *
y =arcsin( 3 ) E1
Domainis-1<x<3 Bl
(i) Ais(n/2, 3) Blcao
Bis(1,0) Blcao | Allow /2 =1.570r better
Cis (3, /2) B1ft ft on their A

[7]
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Section B
7() 2x—-xInx=0 M1 Equating to zero
= X(2-Inx)=0
= ((x=0)orinx=2
= atA x=¢’ Al
[2]
(ii) N 5l M1 Product rule for x In x
dx "X ' B1 d/dx (Inx) = 1/x
=1-Inx Al 1-Inxo.e.
dy =0=1-Inx=0 M1 equating their derivative to zero
dx
= Inx=1x=e Alcao |x=e
Whenx=e,y=2e—elne=e B1ft y=e
SoBis (e e)
[6]
(i AtA Y =1 _Ine2=1-2 M1 Substituting x=1 or their e into their derivative
dx -land 1
=-1 Alcao
AtC, ¥ =1-In1=1
dx
1 x -1 = -1 = tangents are perpendicular
El WwWw
3]
(iv) Letu=Inx, dv/dx =x M1 Parts:
=v=x lenxdx:ix2 InX-J.EX2 L ax u=Inx dv/dx=x=v="x"
2 27X
:llenx—ijxdx Al
2 2
=L x-tyesc*
2
El
A= JE(ZX— xIn x)dx
! . B1 correct integral and limits
=, 1., 1, 1 1
—Zx% hd 2 2 2 e.
|:X 2X |']X+4X:|l B1 |:X _EX |nx+zx:|0e
— (a2 _1/n2 1 a2y _ (1_1412 17 12
_ (3ee2 /526 Ine+¥s &) - (1-%21'In 1+ % 1) M1 substituting limits correctly
4" 4
Al cao

[7]
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8 (i) f(-x)=_sin(=x) M1 substituting —x for x in f(x)
2—c0s(—x)
= —sin(x)
2—cos(x)
= —f(x
( )V\ AL
_n\/‘ ™ Bl Graph completed with rotational symmetry about O.
3]
(i) f(x)— (2—cos x) cos x —sin x.sin x M1 Quotient or product rule consistent with their
() = (2—cosx)’ derivatives
2 ih2
= 2C0SX—COS” X—sin" X Al Correct expression
(2-cos x)?
- 2cosx—-1 =«
(2-cos x)? El
f'(x) =0when2cosx—-1=0 M1 numerator = 0
= cosx=%,x=n/3 Al
_ - sin@/3) 32
When x = /3,y 2—cos(z/3) T M1 Substituting their n/3 into y
= ﬁ Al o0.e. but exact
3
Sorangeis V3 . V3 mir | fttheir ¥3
3 3 3
(8l
(i) [ sinx_ . letu=2-cosx M1 jldu
0 2-cosx u
= du/dx = sin x
Whenx=0,u=1;whenx=m,u=3 Bl u=1to3
3l
=| —du
lu
_ 3 Alft [Inu]
=[Inu];
________ =In3-Inl=m3 VALCA0 |
or =[In(2-cosx)]; M2 [k In (2 — cos x)]
—In3-In1=In3 AL k=1
- - Al cao
[4]
© N
B1ft Graph showing evidence of stretch s.f. %2 in x —
-/ 2\4 /2 [1] direction
(v) Areais stretched with scale factor %2 M1 soi
Soareais%In3 Alft % theirIn 3

(2]
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4753 Mark Scheme June 2006
1 [3x—2|=x
= 3X-2=x=>2x=2=>x=1 IE\3/|11A1 x=1
or 2-3X=X=22=4X=>X=%
or (3x-27%=x
=8 - 12x+4=0=2x"-3x+1=0
= (x-1)(@2x-1)=0, M1 solving correct quadratic
= x=1% Al Al
[3]
2 let u = X, dv/dx = sin 2x = v =— %c0s 2Xx M1 parts with u = x, dv/dx = sin 2x
/6
= /6 . _ _1 n/61
'[0 Xsin 2xdx_{x. 2cost O +'[0 2c052x.1.dx Al ”
1 . B
-z 1 = 1. B B1ft ...{—sm ZX}
- —.——cos——O{—stx} 4 o
6" 2 3 4 .
= T ﬁ M1 substituting limits
24 8 B1 cos /3 = Y2, sin /3 = V3/2 soi
_33-7x WWW
24 El
[6]
3 (i) x—1=siny M1
= x=1+siny Al
= dx/dy=cosy El www
(i) When x = 1.5,y = arcsin(0.5) = /6 M1 Al condone 30° or 0.52 or better
dy__1
dx cosy M1 ordy__ 1
1 dx  J1-(x-1)*
cosz/6
=2/\3 Al or equivalent, but must be exact
[7]
A(i V =zh? —En'h3
(i) 3 M1 expanding brackets (correctly) or product
= W anh—ah? rule
dh Al oe
(i) 4 _ 0,02 _
dt Bl sol
4V _av dn M1 v _dv dh o
dt  dhdt dt  dh dt
dh 002 002
dt  dv/dh 2zh—zh? Mldep | sybstituting h = 0.4 into their 9 and
dh
Whenh=04, ,dn__ 002 _4599m /min VN 002
T dt 087-016z Alcao | gt
[6] 0.01 or better

or 1/32n
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5() a’+b’= (2t + (- 1) M1 substituting for a, b and ¢ in terms of t
AR+t 22 4+ 1 Expanding brackets correctly
=tt+2t2+1 M1 Www
= (t2 + 1)2 = CZ El
(i) c=V(20%+21% =29 B1
For example: Attempt to find t
2t=20=1t=10 M1 Any valid argument
=  t*—1 =99 which is not consistent with 21 El or E2 ‘none of 20, 21, 29 differ by two’.
[6]
6 (i) Mg Bl Correct shape
Bl Passes through (0, My )
| t
(ii) M @ 00001218730 _ 06533, 1 M1 substituting k = —0.00121 and
. - - T t = 5730 into equation (or In egn)
El showing that M ~ %2 M,
iy M _gw_1 M1 substituting M/M, = ¥ into equation (oe)
0 2 taking Ins correctly
M1
o kT
=In2=KkT
=T= Inz, El
k 24 000 or better
(iv) 1 ___In2 ~ 24000 years Bl
2.88x10°° Y (8l
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Section B
7() x=1 B1
[1]
(ii) dy  (x-1)2x—(x*+3).1
dx (x-1)? M1 Quotient rule
= 2x2=2x-x*-3 .
(x—1)? Al correct expression
= x*-2x-3
(x-1)°
dy/dx = 0 when xX* —2x —3=0 M1 their numerator = 0
=Xx-3)(x+1)=0 M1 solving quadratic by any valid method
=x=30r-1 Al x = 3 from correct working
Whenx=3,y=(9+3)2=6 B1ft y=6
So P is (3, 6) [6]
) . -
(i) Area = J-s X2 +3 dx M1 Correct integral and limits
2 x-1
Uu=x-1=du/dx=1, du=dx - I
Whenx=2 u=1 whenx=3,u=2 Bl LInIItS changed, and substituting
2(U+1)?+3 dx = du
= L Y du
_ ceutr2utd Bl substituting (U+1°+3
I ———du u
1 u
— (2 4 *
L (u +2+a)du £1 B
2
= Bu2+2u+4lnu} B1 [ 2 u? + 2u + 4Inu]
1
=(2+4+4In2) - (Y% +2+4Inl) M1 substituting correct limits
=3% +4In2 Alcao
[7]
(IV) ¥ = X2 +3
x=1
2 — —
= VQ:LXZ?’ M1 e’dy/dx = their f'(x)
dx  (x-1) or xe¥ —e¥ =x*+3
2 —_— —
= ﬂ:e-YLXZS :>ey+xeyd_y_eyd_y:2)(
dx (x-1) Alft dx
— dy 2x-¢
Whenx=2,¢'=7= dx  e’(x-1)
B1 y=In70r1.95...0r¢ =7
- 14-4-3 _
= dy/dx= -1 3 Alcao or & _ 47 = 3 or 043 0r better
4 [4] X 72-1) 7

PMT



4753 Mark Scheme June 2006
8(i) (A)
/\ - B1 Zeros shown every /2.
—n/2 n/2 T
\/‘ Bl Correct shape, from —n to n
(B) /\
M1 in x-directi
— \/[n ‘ - Translated in x-direction
Al 7 to the left
[4]
() 1 1y .
i (x) = —= i 1
f(x)= 5e5 sinx+e 5 cosx B1 e 5 cosx
1 -k 5 1 -2
f(x) =0when —gef’ sinx+e % cosx=0 B1 e 5 sinx
1 - °
= ge 5 (—sinx+5cosx) =0
= sinx =5 cos X
H 1
=X _g dividing by e *
COS X M1
= tan x =5*
=x=137(34...) El WWw
=y=0.750r0.74(5...) B1 1.4 or better, must be in radians
B1 0.75 or better
[6]
Lo
(i) f(x+x)=e > sin(x+mx) M1
E S Y VR
=e5e’ sin(x+x) Al 5 —e5 @5
7é)< 7é7r .
=€ ) € sinx Al sin(x + m) = —sin x
= e ST f(x)* El www
J‘hf(x)dx letu=x-m, du=dx
"o f(u+7)du
= ["fu+m)du Bl I W+ 7)
° Bldep limits changed
= jo”—e?” f(u)du
1
= —e % [Tf(u)du * E1l using above result or repeating work
Avrea enclosed between © and 2t
1
=(-)e s x area between 0 and =. B1 or multiplied by 0.53 or better

(8]
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Section A
1 (i) Pis(2,1) Bl
(i) Iy =1L
X=13 M1
=11
o (_13)0“3 Al allow x = 1% unsupported
2 2
1 1
|x—2|+1=1— :>|x—2|:—
. . 2 2 M1 orjp=-2 +1:%+1:1%
= X = (25)0r1§ E1
or by solving equation directly: |
|x—2|+1=]|X M1 .
equating
= 2—x+1=x M1 from graph or listing possible cases
= x=1% Al
= y= x| =1% E1l
[4]
2 szzlnxdx u=Inx dv/dx=x2 = y=1y . ) 3
! 3 M1 Parts with u = In x dv/dx = x"= v = x°/3
= [1x3lnx}2—jzlx31dx Al
3 L 7137 x
= §In 2—jzlx2dx
3 13
_8 1.7F 1
= Zn2-| =3¢ =x°
3 {9 ’ } Al {9 X }
=8 8 1 substituting limits
ZIn2-24+=
3 n 9 " 9 M1
= g'”z—g Alcao | 06 —notinl
[5]
3(i) Whent=0,V = 10 000 M1 10 000 = Ae’
— 10000=Ae’=A Al A =10000
When t =3, V = 6000
— 6000 =10 000 e * M1 _ _ _ _
=  —3k=1In(0.6) = —0.5108... M1 taking Ins (correctly) on their exponential equation - not
logs unless to base 10
=  k=017(02...) Al art 0.17 or —(In 0.6)/3 oe
[5]
(i) 2000 = 10 000e ™
= —kt=1In02 M1 taking Ins on correct equation (consistent with their k)
allow art 9.5, but not 9.
= =-In 0.2/ k = 9.45 (years) ﬁ
2

12
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4 Perfect squares are
0,1,4,09,16, 25, 36, 49, 64, 81 M1 Listing all 1- and 2- digit squares. Condone absence of 07,
none of whichendina 2, 3,7 or 8. El and listing squares of 2 digit nos (i.e. 0% — 19%)
Generalisation: no perfect squaresendina?2, 3,7 For extending result to include further square numbers.
or8. Bl
[3]
) 2
5 (i) y=
2x+l M1 | Use of quotient rule (or product rule)
2 se of quotient rule (or product rule
. d_y=(2x+1)2x—2x 2
dx (2x+1) Al Correct numerator — condone missing bracket provided it
— 2x* +2x _ 2X(X+1) is treated as present
(2x+1)?  (2x+1)° Al Correct denominator
El www —do not condone missing brackets
[4]
.. dy _
(i) =L —gwhen2x(x+1)=0
dx
— x=0or -1 B1B1 | Mustbe from correct working:
y=0or-1 B1B1 | SC-1if denominator =0
[4]
6()) QA=3-y, B1
PA=6-(3-y)=3+y B1
By Pythagoras, PA% = OP? + OA? must show some working to indicate Pythagoras (e.g. X* +
= @y =+ =xe9 EL | 3)
[3]
(ii) Differentiating implicitly:
2(v+3 dy 5 M1 Allow errors in RHS derivative (but not LHS) -
(y+ )& =X notation should be correct
dy X *x
= dx :m El brackets must be used
or 9+6y+yP=x2+9
= By+y' =x
= (6+2 )d_y =2X
y dx M1 Allow errors in RHS derivative (but not LHS) -
dy  x notation should be correct
= i ~yi3 E1 brackets must be used
or y=V+9) -3 = dyldx = %(+9) 22x M1 | (a0
X _ X
S Jx+9 Y*3 El
iy 4y _dy dx
dt dx dt _ _
4 M1 chain rule (soi)
= 5 3>< 2
. Al
= Al
5
[3]

13
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Section B
7() Whenx=-1,y=-1V0=0 E1
Domain x > -1 Bl Noty >-1
[2]
() ) Las2s @ x BL | xia+x™
dx 2 2
Bl A (1+X)1/2
=% (1 +x)[x + 2(1 + X)] M1 taking out common factor or common denominator
- 2+3X % E1l www
241+ X
oru=x+l=dudx=1 | |
Sy=(U- 1)u1/2 =32 _ 2 M1
—~dy 37 1 2
a2t Y Al
1 1
:>d—y:ﬂ.d—u=§(x+1)2 —1(x+1) 2
dx du dx 2 2
1
= %(x +1) 2(3x+3-1) M1 taking out common factor or common denominator
- 2+3X % E1l
241+ x [4]
(iii) dy/dx=0when3x+2=0 M1
= x=-2/3 Alca
0
- y=_21 0.e.
3V3 Al )
S . . .
Range isy > _E\/i not x > _5\/; (ft their y value, even if approximate)
3V3 B1 ft
[4]
(iv) _[_olx\/l+ xdx
letu=1+Xx, du/dx=1= du=dx M1 | du=dxordu/dx=1ordx/du=1
whenx=-1,u=0, whenx=0,u=1 B1 changing limits — allow with no working shown provided limits
are present and consistent with dx and du.
_ 1
= [ (u-Dudu M1 | (u-1)Wu
= j; (¥ —u"*)du™ El www — condone only final brackets missing, otherwise notation
must be correct
- {z o2 ';,;T """""""""""""""" BIBL | 200 20a2 (00)
5 3
4 ’ M1 substituting correct limits (can imply the zero limit)
- iE Alca | +2 or+0.27 or better, not 0.26
o 15
(8]

14
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8(i) f(x)=2(e"—1)e" MLAL | orf(x)=e* -2+ 1M1
(or (€")*= 2e* + 1 plus correct deriv of (*)?)
= f/(x) = 2e* - 2¢* Al
When x = 0, £(0) = 0 Bldep derivative must be correct, www
’ In2 _ 1
When x = In 2, f(In 2) = 2(2 — 1)2 M1 e =2 soi
- Alcao
[5]
(i) y=(e" -1 xey M1 reasonable attempt to invert formula
x=(e'- 1)
= Ww=e-1
= 1+Vx=¢ M1 taking Ins
= y=In(l+x) E1 similar scheme of inverting y = In(1 + Vx)
or gf)=g(¢* -1» | M1 | constructinggforfg
=In(L+e'-1) M1 In(e) = x or e"H% =1 + x
=X El
Bl
reflection in y = x (must have infinite gradient at origin)
Gradientat (1, In2) =% B1ft
[5]
() [ (e -1)°dx = [ (¢ —2¢" +1)dlx M1 expanding brackets (condone e* )
=lezx—2ex+x+c* El
2
In2
j In2(eX —-1)%dx = Fe“ —2e" + x}
0 2 o
=% e?" - 2e"™ +In 2 - (2 - 2) M1 substituting limits
=2-4+In2-%+2 M1 e"2 =2 ysed
=In2-% Al must be exact
[5]
(iv)
In2
A M1 subtracting area in (iii) from rectangle
g9 g9
1 Bl rectangle area =1 x In 2
Area=1xIn2-(In2-%)
=% Alcao must be supported
[3]
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4753 Mark Scheme June 2007
Section A
1(3) B(L+2x) %2 M1 chain rule
_ 1 B1 YVou Y2 or % (1 + 2x) 12
J1+2x Al oe, but must resolve %2 x 2 =1
[3]
(i) y=In(l-e™) M1 chain rule
- d__1 (—e7)(-) B1 _ 1 or 1 ifsubstitutingu=1-¢*
dx 1-e™* 1_e* u
_ & Al x(-e )(-1) or e
1-¢e~
_ 1 o« El www (may imply xe” top and bottom)
e’ -1 [4]
2 gf() = [1-x| Bl
f
B1 intercepts must be labelled
| 1 line must extend either side of each axis
of 1 : :
Bl condone no labels, but line must extend to left of y axis
’ 1
[3]
3(i) Differentiating implicitly:
dy
(4y+1) ) =18x M1 ay+n Y = allow 4y 1 _
dy 18X dx dx
= dx 4y +1 Al condone omitted bracket if intention implied by following
M1 line. 4y %Y 11 M1 A0
_ 4 y_o dy 18 dx
Whenx=1,y=2, d_i =9 " 2 Alcao substituting x = 1, y = 2 into their derivative (provided it
[4] contains x’s and y’s). Allow unsupported answers.
(ii) dY - g when x=0 B1 x = 0 from their numerator = 0 (must have a denominator)
dx
=  2y¥+y=1 M1 Obtaining correct quadratic and attempt to factorise or use
=  2¥¥+y-1=0 quadratic formula —1+V1-4x-2
= (@-1y+1=0 4
= y=Yory=-1 Al Al cao allow unsupported answers provided quadratic is
So coords are (0, % ) and (0, —1) [4] shown
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4G0) T=25+ae* Whent=0,T=100
=  100=25+ae’

= a=75

Whent=3,T=80
=  80=25+75¢ %
=

e 3 =55/75
-3k =In (55/75) , k = —In (55/75) / 3
=0.1034

substituting t = 0 and T = 100 into their equation (even if
this is an incorrect version of the given equation)

substituting t = 3 and T = 80 into (their) equation
taking Ins correctly at any stage

0.1 or better or _lm(ﬁ) o.e. if final answer
75

(ii) (A) T =25 + 75¢ 70105 M1 substituting t = 5 into their equation
=69.72 Al 69.5 to 70.5, condone inaccurate rounding due to value of
k.
(B) 25°C Blcao
[3]
5 n=1,n’+3n+1=5prime M1 One or more trials shown
n=2,n+3n+1=11prime
n=3,n*+3n+1=19 prime
n=4,n*+3n+1=29 prime
n=5,n*+3n+1=41prime
n=6,n°+3n+ 1=>55not prime El finding a counter-example — must state that it is not prime.
so statement is false [2]
6 (i) —m/2<arctan x <m/2 M1 nt/4 or —t/4 or 45 seen
= A <f(x)<n/4
=  range is —n/4 to n/4 Alcao | not<
[2
(i) y=%arctanx x>y M1 tan(arctan y or x) =y or x
X =Y arctany
= 2x=arctany
= tan2x=y
= y=tan2x Alcao
either 9Y _ 5sac? oy M1 derivative of tan is sec’ used
Alcao

ory= SN 2x _, dy _2cos’2x+2sin” 2x
C0S 2X dx cos? 2x
2
cos? 2x

quotient rule

(need not be simplified but mark final answer)

When x =0, dy/dx =2 B1 WWW
[5]

(iii) So gradient of y = %2 arctan x is %% . B1ft ft their “2°, butnot1 or O or
[1]

10
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7() Asymptote when 1 +2x3=0 M1
= 2¢=-1
= x=_1 Al oe, condone J_riif positive root is rejected
7 B
=-0.794 Alcao | mustbeto 3s.f.
[3]
(ii) dy  (L+2x%).2x—x2.6X? M1 Quotient or product rule: (udv—vdu MO)
dx L+ 2X°)? 2x(L+2x%) 1 + 2 (-1 (1+2x%) 2.6x2 allow one slip
2% + 4x* —6x on derivatives
- (1+2x%)° Al correct expression — condone missing bracket if if
_oox—2%* intention implied by following line
T El
(1+2x%)?
dy/dx = 0 when 2x(1 —x°) =0 M1 derivative = 0
= x=0,y=0
or x=1, B1B1 | x=0or1-allow unsupported answers
y=1/3 B1Bl1 |y=0and1/3
SC-1 for setting denom = 0 or extra solutions
[8] (e.g.x=-1)
0
(iii) A:jl X 4 M1 Correct integral and limits — allow J.
______________ L2
. 1 1 M1 kIn(l + 2x%)
either = {gln(1+ ZXS)} Al k=1/6
0 M1 substituting limits dep previous M1
= %mg* El WwWw
or  letu=1+2¢=du=6x%dx | |
— A=[11, M1 1
16 u 6u
3 1
= [l In u} Al =Inu
6 1 6 . . ..
1 . M1 substituting correct limits (but must have used
= EInS substitution)
E1l WWwW
[5]

11
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8 () xcos2x=0whenx=0o0rcos2x=0 M1 cos2x=0
= 2 =72 M1 or x = % c0s™0
=  X=Yi Al x =0.785.. or 45 is M1 M1 AO
=  Pis(n/4,0) [3]
(i) f(=x) = —x cos(—2x) M1 —X €0S(—2X)
= —X C0S2X
=—f(x) El = —X C0S2X
Half turn symmetry about O. B1 Must have two of: rotational, order 2, about O,
[3] (half turn = rotational order 2)
(i) f'(x) = cos2x — 2xsin2x M1 product rule
Al
[2]
(iv) f'(x) =0 = cos2x = 2xsin2x
= N,y M1 | gy
C0S 2X Ccos
= xtan2x =% * E1l WWW
[2]
(v) f(0)=cos0—-20sin0=1 B1ft | allow ft on (their) product rule expression
"(x) = —2 sin2x — 2sin2x — 4xc0s2x M1 product rule on (2)x sin 2x
= —45in2x — 4XC0s2X Al correct expression — mark final expression
=  f'(0) = —4sin0 — 4.0.cos0 =0 El www
[4]
(vi) Let u = x, dv/dx = cos2x M1 Integration by parts with u = x, dv/dx = cos2x
= Vv =Y sin2x
4 1 . T 7141 .
IO X€0s 2xdx = Exsm 2X —_[0 Esm 2xdx Al
_ .1 ’ s Al Fcoszx} - sign consistent with their previous line
- =+ [f cos ZX}
8 L4 0 M1 | substituting limits — dep using parts
-z 1
8 4 Al WwWw
Avrea of region enclosed by curve and x-axis
between x =0 and x = n/4 B1 or graph showing correct area — condone P for /4.
[6]

12
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Methods for Advanced Mathematics

1 y = (1+6x*)" M1 chain rule used
1 .
= %:%m 6x%) 2°.12x BL | u”
X 672 Al | x12x
=4x(1+6x7) Al cao (must resolve 1/3 x 12) Mark final answer
[4]
2 (i) fg(x) =f(x — 2) M1 forming a composite function
=(x=2)° Al mark final answer
gf(x) = g(x®) = x* — 2. Al If fg and gf the wrong way round, M1A0AQ
3]
(i) B1ft | fg — must have (2, O)labelled (or inferable from scale).
fa(x) i
9 Condone no y-intercept, unless wrong
B1ft
gf — must have (0, —2) labelled (or inferable from scale)
Condone no x-intercepts, unless wrong
[2] Allow ft only if f{g and gf are correct but wrong way
round.
3()) Whenn=1,10000=A¢e" B1 soi
when n =2, 16 000 = A e Bl | soi
16000 _ Ae —eb M1 eliminating A (do not allow verification)
= 10000 A’
—~ e’=16 gi SC;LBZ if initial ‘B’s are missing, and ratio of years = 1.6
= 2:2 TO%)ISOZOG.SA:?%ZSO Bl In 1.6 or 0.47 or better (mark final answer)
] ) [6] cao — allow recovery from inexact b's
(i) Whenn =20, P =6250xe%% | M1 | substituting n = 20 into their equation with their A and b
= £75,550,000 Al Allow answers from £75 000 000 to £76 000 000.
[2]
4 (i) 5=k/100 = k = 500* El NB answer given
[1]
oy dP L, 500 M1 | (-)V?
i) 2 __ 2 _ 2R
(i dv 500V 2 Al o.e. — allow —k/V?
[2]
(iii) dP _dP dv. M1 chain rule (any correct version)
dt dv dt
When V = 100, dP/dV = -500/10000 = | Blft | (soi)
-0.05 Bl (soi)
dv/dt =10 Al -0.5 cao

= dP/dt=-0.05x%10=-0.5
So P is decreasing at 0.5 Atm/s

[4]
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5@) p=2,2°-1=3, prime M1 Testing at least one prime
p=3,2°P-1=7, prime El testing all 4 primes (correctly)
p=5,2°-1=31, prime [2] Must comment on answers being prime (allow ticks)
p=7,2°-1=127, prime Testingp =1is EQ
(i) 23x89=2047=2"-1 M1 | 2M-1
11 is prime, 2047 is not El must state or imply that 11 is prime (p = 11 is sufficient)
So statement is false. [2]
6() e¥= x*+y M1 Implicit differentiation — allow one slip (but with dy/dx both
dy dy sides)
= 20% L —ox4+ 2L
dx i Al
= e ¥ ook :
dx M1 collecting terms
dy 2X o«
= D_
dx  2e¥ -1 El
[4]
(i) Gradient is infinite when2e¥ - 1= | M1
0
= Y=
= 2y=In% Al must be to 3 s.f.
= y=%In%=-0.347 (3s.f) M1 substituting their y and solving for x
x> =e¥ —y=1-(-0.347)
=0.8465 Al cao — must be to 3 s.f., but penalise accuracy once only.
= x=0.920 [4]
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7(0) y=2xIn(1+x) M1 | product rule
- Oy _ ﬂ+2ln(1+ X) Bl d/dx(In(1+x)) = 1/(1+x) soi
dx 1+x Al
Whenx=0,dy/dx=0+2In1=0 _ o
= Origin isa Sta‘[ionary point. [El] WWwW (l.e. from correct deer&thE‘)
4
(ii) d2y C(@+x)2-2x1 2 M1 | Quotient or product rule on their 2x/(1 + x)
¢ (L+x)? 1+x Alft | correctly applied to their 2x/(1+x)
2 2 4+ 2x
- < 0.e., e.0. cao
(1+x)* 1+x Al 1+x)?
When x =0, dy/dx*=2+2=4>0 M1 | Substituting x = 0 into their d’y/dx*
= (0, 0) is a min point E1 www — dep previous Al
[5]
(ili) Letu=1+x=du=dx
X2 (u-1)? (u—-1)>2
= dx= du —
J.1+x I u M1 u
2 —
:I(u 2u+1) du
u
= j(u—2+1)du *
) u E1 | www (but condone du omitted except in final answer)
1 X 2 1
= 2 dx= Wi
014X o L (u-2+ u)du B1 | changing limits (or substituting back for x and using 0 and 1)
2
=Fu2—2u+lnu} 1,

2 1 B1 Eu —2u+Inu
=2-4+In2-(%-2+In1) | \41 | substituting limits (consistent with u or x)
=In2-% Al cao

[6]
(iv) A:j:2xln(1+ X)dx
Parts: u = In(1 + x), du/dx = 1/(1 + x) M1 | soi
dv/dx = 2x = v = X2
1 1 X2
:[len(l-i- X)]O_ Omdx Al 5
M1 | substituting their In 2 —% for J‘lX_dX
01+X
=In2-In2+% =% AL | cao
[4]
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8 (i) Stretch in x-direction M1 | (in either order) — allow ‘contraction’
sf. % Al dep “stretch’
translation in y-direction M1 | allow ‘move’, ‘shift’, etc — direction can be inferred from
0
Lunitup Al (1)
[41 | or (0 dep “translation’. (0} alone is M1 A0
1 1
(i) A={"" (L+sin2x)dx
-[—m( ) M1 | correct integral and limits. Condone dx missing; limits may
1 4 be implied from subsequent working.
:[X——COSZX} B1
2 -rl4
= /4 %> cos n/2 + ml4 + Y2 €08 (-n/2) | M1 | substituting their limits (if zero lower limit used, must show
evidence of substitution)
=n/2 Al | or 1.57 or better — cao (www)
[4]
(iii) y=1+sin2x M1 | differentiating —allow 1 error (but not x + 2cos 2x)
=  dy/dx =2cos 2x Al
When x =0, dy/dx = 2
So gradient at (0, 1) on f(x) is 2 Alft
= gradientat (1, 0) on f*(x) = % B1ft | If 1, then must show evidence of using reciprocal, e.g. 1/1
[4]
(iv) Domainis 0 <x <2, B1 Allow 0 to 2, but not 0 < x < 2 ory instead of x
y
24
M1 | clear attempt to reflect iny = x
S Al correct domain indicated (0 to 2), and reasonable shape
| ! | X
_na O 4 2
3]
(V) y=1+sin2x x <y
x=1+sin 2y M1 |orsin2x=y-1
= sin2y=x-1
= 2y =arcsin(x-1)
=  y=Yarcsin(x - 1) é} cao

10
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4753 (C3) Methods for Advanced Mathematics

Section A
1 |2x-1<3
-~ 3<2x-1<3 M1 2x—1< 3 (or=)
> <% <2 Al x <2
- a7 ML | 2x—1>-3(or=)
o s AL | x>-1
or
(2x-1)%< 9
2
SRS M1 squaring and forming quadratic = 0 (or <)
= @K+H(x-2)=< 0 Al factorising or solving to get x =1, 2
= -1<x< 2 Al > -1
Al X< 2 (www)
[4
2 Letu=x dvidx=e*=v=¢e"3 M1 parts with u = x, dv/dx = €* = v
= ~|.xe3xdx:1xe?’x—J.}e?’x.l.dx Al
3 3 l 3X 1 3X
1 1 Al =—Xe" ——¢€
=Zxe*-Ze* +c 3 9
3 o B1 +C
[4
3() f(=x) =f(x) B1
Symmetrical about Oy. B1
[2
(ii) (A) even B1
(B) neither B1
(C) odd B1
[3
4 Let u=x+2=> du=2xdx
[ =" 2 M1 [ Y2y orkin(e+1)
1X°+2 3 u u
-1 1 Al Yinuor %In(é + 2)
5[Inu]3
=1 (In18—1n 3) M1 substituting correct limits (u or x)
=141n(18/3)
=1|n 6* El must show working for In 6
4
5  y=xInx
dy -1 M1 product rule
T g &Inx B1 d/dx (InX) = /x soi
=X+ 2xInx Al oe
dy/dx =0whenx +2xInx =0 _ _ _
= x(1+2nx=0 M1 their deriv = O or attempt to verify
= Inx=-% M1 Inx=-2=x=e™ orln (INe) =-%
El

=

x=e™ =1he*

(€l
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6(i) Initial mass= 20 + 30 €” = 50 grams M1A1
Long term mass = 20 grams B1
(3]
(i) 30=20+30e" M1
- e—OAlt - 1/3 . .
= —0.1t=In(1/3) =-1.0986... M1 anti-logging correctly
= t=11.0mins
Al 11, 11.0, 10.99, 10.986 (not more than 3 d.p)
(3]
(iii) B1 correct shape through (0, 50) — ignore negative values
of t
Bl —20ast—
(2
7 XHxy+y =12 M1 Implicit differentiation
= 2x+xg+y+2yg=0 BL xﬂ+y
dx dx AL dx )
= (x+2y) % —ox—y correct equation
~ dy  2x+y M1 collecting termsin dy/dx and factorising
dx (x+2
(x+2y) Al o6 a0
(5]
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Section B
8(i) y=1/(1+cosn/3) =2/3. Bl or 0.67 or better
(1
(i)  f'(X)=-1(1+cosx)2-sinx M1 chain rule or quotient rule
sinx Bl d/dx (cos x) = —sin x soi
=L+ cosx)? Al correct expression
When x = /3, § yy) = SN /3) o
(%) L+ cos(z/3)° M1 substituting x = 7/3
*/— 3/2_v3 4_2V3 Al oe or 0.38 or better. (0.385, 0.3849)
1= ) 2 9 9
(5]
(iii) deriv = (1+c0SX)cosx—sinx.(-sinx) M1 Quotient or product rule —
(L+cosx)? condoneuw’ —u'v for M1
COSX + Cos’ X+8in° X .
Y Al correct expression
(1+cosx)
- _osx+l Midep | cos’ +sin’x = 1 used dep M1
(1+cosx)?
1 o« El WWW
1+cosx
Area = J"”3 1
0 1+cosx
= [ snx ™ B1
[1+ cosx}0
= sinz/3 T
- -0
15 cos;r/3( ) M1 substituting limits
=V3.2_+3 Alceao | or N3 - must be exact
2 3 3 (7
(iv) y=1(1+cosx) x>y M1 attempt to invert equation
x=1/(1+ cosy)
= 1+cosy=1x
= cosy=1x-1 Al
= y=arccos(U/x—1)* El www
Domainis¥< x<1 Bl
B1 reasonable reflectioniny = x
(5]

10
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9() y=v4-x° .
ST . M1 squaring
= X+y=4 Al %2 +y? = 4 + comment (correct)

which is equation of acircle centre O radius 2
Square root does not give negative values, so

e S B1 oe, e.g. f isafunction and therefore single valued
thisisonly asemi-circle. 3]
(i) (A) Grad of OP=b/a M1
= gradof tangent= _2 Al
b
p 1 _
(B) (x) 25(4—XZ) V2 (-2%) M1 chain rule or implicit differentiation
=X Al oe
N4-x
= fi(a)=— a Bl substituting a into their ' (x)
4-a
(C)b=~(4-2a%)
S0 f /() = _E as before £1
(6]
(iii) Transation through [ 2) followedby | M1 | Translationinx-direction
0 through ( 2 or 2 to right (‘shift’, ‘move’ M1 AQ)
Al 0
(Zj aloneis SC1
0
stretch scale factor 3in y-direction M1 stretch in y-direction (condoney ‘axis')
o Al (scale) factor 3
M1 eliptical (or circular) shape through (0, 0) and (4, 0)
Al and (2, 6) (soi)
4 —1if whole ellipse shown
(6]
(iv) y=3f(x—2)
= 34— (x—2)?) M1 or substituting 3V(4 — (x—2)) oefor y in 9x% + y?
=3V(4-X +4x—4)
- 3V(4x— ) Al ax -
=  Y=9dx-x)
= 9@+’ =36x* [E?ﬁ Www

11
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January 2009

Section A
1|x-1<3=-3<x-1<3 M1 or x — 1 = £3, or squaring = correct quadratic =
—  _2<x<4 (x + 2)(x — 4) (condone factorising errors)
or correct sketch showing y = 3 to scale
Al -2<
B1 <4  (penalise <once only)
[3]
2(1)  y=xcos2x M1 product rule
dy ) Bl d/dx (cos2x) = —2sin2x
= &:—ZXS”} 2X+0052X Al oe cao
3]
i i = =14 gj
(ii) Ixcostdx:J.xi(lsinZX)dx M1 parts with u = x, v = % sin 2x
dx 2
1 . 1.
==xsin2x— | =sin 2xdx
2 I3 Al 1
1 1 Alft +=C0S 2X
:Exsin2x+20032x+c 4
Al cao — must have + ¢
1 il ory=eX-D2
3 Either y—Zin(x—-1) X<>Y y
2
1 M1 attempt to invert and interchanging x with y o.e.
= x==In(y-1) (at any stage)
2X 2In (y-21 M1
= = - Iny-1 _ _
x=Iny e"t=y_1orlin(e) =y used
= e”=y-1
= 1+e* =y El WWw
=ogM=1+e™
or gf(x) =g(%In (x - 1)) M1 or fg(x) = ... (correct way round)
=1+ eln(x—l)
=1+x-1 M1 e = x _ 1 or In(e*) = 2x
=X El WWW
3]
4 JZ A+axdx  letu=1+4x, du=A4dx M1 u=1+4xanddu/dx =4 or du = 4dx
0 J‘ ul? ldu
- Igullz.ldu Al 4
1 4 ud?
M 9 Bl J‘ Ullzdu — SOi
= |:_u3/2:| 3/2
6 1 M1 substituting correct limits (u or x) dep attempt to
=27 1_26_13 ,1 integrate
6 6 6 3 3 Alcao
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ 32T
or &1y axy? a3 (14 4% = 6(1+ 4x)"2 "X'll k(1+49 )
dx 2 , j(1+4x)1’2dx:5(1+4x)3’2...
= 02 (1+4x)"%dx= E -+ 4x)3/2} Al X s
0
=27 1_2_13 ,1 M1 substituting limits (dep attempt to integrate)
6 6 6 3 3
Alcao
[5]
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5(i) period 180° Bl condone 0 <x<180°orn
[1]
[either way round...]
(if) one-way stretch in x-direction M1 condone ‘squeeze’, ‘contract’ for M1
scale factor %2 Al stretch used and s.f%
translation in y-direction M1 condone ‘move’, ‘shift’, etc for M1
through (oj Al tganslatlon used, +1 unit
1 only is M1 A0
[4] @ d
(iii)
M1 correct shape, touching x-axis at -90°, 90°
Bl correct domain
Al (0, 2) marked or indicated (i.e. amplitude is 2)
T |
-180 180
[3]
6()eg p=landgq=-2 M1 stating values of p, g with p > 0 and g <0 (but not p
=q=0)
p>qbutl/p=1>1/g=-% El showing that 1/p > 1/q - if 0 used, must state that
1/0 is undefined or infinite
[2
(i) Both p and q positive (or negative) Bl or g >0, ‘positive integers’
[1
7(i) Ex’m +g g dy 0 M1 Implicit diff(irentiation
3 3 dx Al (must show = 0)
2 -1/3
= dy §X
X 2 s M1 solving for dy/dx
3 y
1/3 H .
-y _ _(X)S * El www. Must show, or explain, one more step.
1/3
X7 x [4]
iy y_dy dx .
dt  dx dt M1 any correct form of chain rule
1
_ {?T 6 Al
1
=-12 Alcao
[3]
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8(i) Whenx=1y=1°-(In1)/8=1 B1
Gradient of PR = (1 + 7/8)/1 =17 M1
8 Al 1.9 or better
3]
oy dy 1
(i) &:Zx—& B1 cao
- —o_1/a=.7
Whenx =1, dyfdx =2-1/8 = 13 Bldep | 1.9 or better dep 1% B1
Same as gradient of PR, so PR touches curve £1 dep gradients exact
[3]
(iii) Turning points when dy/dx = 0
1 M1 setting their derivative to zero
=  2Xx-—=0
8x
= 2X :i
8x
2 _
= x=116 M1 multiplying through by x
= x=%(x>0) Al allow verification
Whenx =%, y-— 1 _£| 1 i+1| 4
16 8 4 16 M1 substituting for x iny
SoTPis (_ _+_| n4) 5 .
Alcao 0.e. but must be exact, not 1/4°. Mark final answer.
[5]
sy d 1 M1 roduct rule
(iv) &(xlnx—x):x.;+1.lnx—1zlnx Al Ipnx
Area= (22 1 M1 correct integral and limits (soi) — condone no dx
L (x 8 Inx)dx M1 I'” xdx = xIn x— x used (or derived using
2 . .
[1 3 1 Lxinx— x)} Ttegratlon by parts)
3 8 1 Al 3——(x|nx x) — bracket required
_8 1 1, 11 1
- (g—zln 2+Z)—(§—§|”1+§) M1 substltutmg correct limits
=71 Ly
3 8
=591 In2 * E1l must show at least one step
24 4 [7]
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9(i) Asymptotes when (\)(2x - x%) =0 M1
= x2-x=0
= x=0o0r2
soa=2 Al | or by verification
Domainis0<x <2 Blft | x>0andx<2, not<
3]
(i) y=(2x-x®)™"?
letu=2x-x2,y=u"? M1 | chain rule (or within correct quotient rule)
= dy/du =-1% U_3/2, du/dx = 2 — 2x Bl — 1y or —E(ZX— Xz)_3/2 or 1(2X— X2)—1/2 in quotient rule
= 2 2
Al -
W_dydu_ Lo ) 2-2x) x(2-2x)
dx du dx 2 o
x—1  « E1l | www — penalise missing brackets here
dy/dx=0whenx-1=0 M1 | extraneous solutions MO
= x=1, Al
y=1N@2-1)=1 B1
Rangeisy>1 B1ft
[8]
A . = = = -
(i) (A) 9(x)= 7 2 =909 M1 | Expression for g(—x) — must have g(-x) = g(x) seen
\/1—(—x) V1-x E1
1
®) gx-)=-——z
J1-(x=1)2 M1
VI=x2+2x=1 2x—x? E1 | must expand bracket
(C) f(x) is g(x) translated 1 unit to the right. | M1
But g(x) is symmetrical about Oy M1
So f(x) is symmetrical about x = 1. Al | dep both M1s
fl-x)=g(-x), f(1+x)= M1
or f(1-x)=g(x), f(1+x)=g() o faoyyo L 1 1
J2-2x—(-x)?  V2-2x-1+2x-X 1-X
T W S L o
J242x—(@x?  N242x-1-2x-%  1-¥
= fl+x)=f(1-x) El
= f(x) is symmetrical about x = 1. Al
[7]

12
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4753 (C3) Methods for Advanced Mathematics

Section A

6

[—lcos3x} or [—Ecos u}
3 3

1 _"”/Gsin?,xdx:[—}cowx} B1
0 3 o
1 r 1 . Lo
= —gcosz+gcoso M1 substituting correct limits in £k cos ...
1
== Alcao 0.33 or better.
8 [3]
2() 100=Ae’=A = A=100 M1A1
50 = 100 750% M1 50 = A ™% ft their ‘A" if used
- gls0k_gg
=  -1500k=1In0.5 M1 taking Ins correctly
= k=-In0.5/1500 = 4.62 x 10 Al 0.00046 or better
[5]
(i) 1=100e™ M1 ft their A and k
= —kt=1In0.01
= t=-In0.01/k M1 taking Ins correctly
= 9966 years Al art 9970
(3]
3 Can use degrees or radians
2n- M1 reasonable shape (condone extra range)
Bl passes through (-1, 2x), (0, ) and (1, 0)
Al good sketches — look for curve reasonably
vertical at (-1, 2m) and (1, 0), negative gradient
T | at (0, w). Domain and range must be clearly
] 1 [3] marked and correct.
4 9= 2x-1
Allow unsupported answers.
= b=2/0-1=20r (02 B1 W
2|x-1=0 e .
= x=1,s0a=1or(l0) Al X|=11is A0
WWw

(3]
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5(1) e¥=1+sinx M1 Their 2% x dy/dx
= 2ePdy/dx = cos x B1 2e¥
— COSX
= dyfdx= 262 Al 0.e. cao
[3]
(i) 2y=1In(1+sinx)
= y=%In(l+sinx) Bl
_ 1 cosx M1 chain rule (can be within “correct’ quotient rule
= dyfdx= S with dv/dx = 0)
21+sinx ! .
COS X B1 1/u or 1/(1 + sin X) soi
= before E1l WWW
2e [4]
x+1 1
6 £ = x—1 + M1 correct expression
X+1
71_1
1 X= 1 M1 without subsidiary denominators
=% eg _x+1+x-1 x-1
X+1-x+ o=
— ow/2 = x* E1 x—1 X+1-x+1
1(x) = f(x) B1 stated, or shown by inverting
Symmetrical about y = x. B1
[5]
70) (A (x=y)OE +xy +y?) M1 expanding - allow tabulation
=y + g — - Xy P
=3y E1 WwWw
(B) (x + Y2 y)? + %4 y? M1 (x+%y)P=x2+Yxy+¥%xy + %y’ oe.
=X XY H YUY + Yy
=X +xy+y? E1 cao Www
[4]
(i) =y = (x-Yx+Yay)?+ %y M1 substituting results of (i)
(x+ Y2 y)* + % y® > 0 [as squares > 0] M1
= ifx-y>0thenx®*-y*>0
= ifx>ythenx®>y® * El
[3]

10
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8(i) A 1+Inx=0 M1
= Inx=-1s0Ais (e*,0)
- x=gl Al SCL1 if obtained using symmetry
B: x=0,y=e""'=e's0Bis(0,e%) B1 condone use of symmetry
Penalise A = e, B = e, or co-ords wrong way
round, but condone labelling errors.
C:fl)=ett=e"=1 El
gl)=1+In1=1 El
[5]
(ii) Either by invertion:
eg. y=e"tx oy
x=¢'"?
= Inx=y-1 M1 taking Ins or exps
= l+Inx=y B
or by composing
e.qg. fg(x)=f(1 +Inx) M1 et -1or 1+ In(e* 7Y
— el +Inx-1
=" =x El
[2]
1,4 [axt 1 M1 ex—l 0eoru=x-1= eu
O [e] ¢ 1= [e]
=0 _ gt M1 substituting correct limits for x or u
—1_¢t Alcao o.e. not e®, must be exact.
[3]
. d
(iv) I In xdx =I In x&(x)dx M1 parts: u = In x, dufdx = 1/x, v = x, dv/dx = 1
= xInx—J x.ldx Al
X
=xInx-x+c Alcao condone no ‘c’
1 1
= .[ L 9(x)dx = f L @+ Inx)dx
e e
_ [x+ 1N X — X]; B1ft ft their “x In x — x” (provided ‘algebraic’)
=[x, —
= 1In1-eIn(e) DM1 substituting limits dep B1
=gt * E1 www
6]
1 1
Al = —
v rea .[0 f(x)dx Ie’l g(x)dx M1 Must have correct limits
=(1l-ehH-et
=1-2/e Alcao 0.264 or better.
T S P
Area OCB = area under curve — triangle
=1-et-t%x1x1
=th-e M1 OCAorOCB=%-¢™
or
Area OAC = triangle — area under curve
=thx1 x1-¢*
=Y—e
Total area=2(Y%2—e ) =1-2/e Alcao 0.264 or better
(2]

11
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9(i) a=1/3 B1 or 0.33 or better
[1
od 3x-1)2x-x%3
(if) —y=% M1 quotient rule
dx (3x-1) Al
_6x*—2x-3x’
(3x-1)?
_3x%-2x
(3x =1
X(3x—2) www — must show both steps; penalise missing
=" El brackets.
(3x-1) 3]
(iii) dy/dx=0whenx(3x-2)=0 M1 if denom = 0 also then MO
= x=0orx=2/3,so0atP,x=2/3 Al o.ee.g. 0.6, but must be exact
2
when x=2, y=—2/39" _4 M1 ,
3 3x(2/13)-1 9 Alcao | o.ee.g. 0.4, but must be exact
when x = 0.6, dy/dx =-0.1875 Bl -3/16, or —0.19 or better
when x = 0.8, dy/dx = 0.1633 B1 8/49 or 0.16 or better
Gradient increasing = minimum El o.e. e.g. ‘from negative to positive’. Allow ft on their
[7] gradients, provided —ve and +ve respectively.
Accept table with indications of signs of gradient.
. X2
(iv) J3X_1dx u=3x-1 = du = 3dx (u+1y
) B1 9
(u+1) 0.e.
u
:ji;du
L 132 L deul M1 x 1/3 (du)
:4(“) du = Lpuitausl _
27 u 27 u M1 expanding
1 1 *
_EI(U+2+U)dU El Condone missing du’s
Area = J‘1 X! dx
2133x -1
When x=2/3,u=1,whenx=1,u=2
=L Pus2+1uyd
= EL (u+2+1/u)du
11, ’ { 1.
=—|=u*+2u+Inu u”+2u+Inu
27 [2 } Bl 2
:%[(2+4+In 2)—(%+2+In1)] M1 substituting correct limits, dep integration
—Latimg =122, Alcao | o.e., but must evaluate In 1 = 0 and collect terms.
272 54 (71
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1 e”-5e"=0
= e“(e-5)=0 M1 factoring out e* or dividing e** = 5¢* by e*
M1 e /e =¢
= €&=5 Al
— x=In5o0r1.6094 Al In 5 or 1.61 or better, mark final answer
[4] -1 for additional solutions, e.g. x=0
or  Ine*)=In(5¢" M1 taking Ins on e* = 5¢*
= 2 =In5+x Al Al | 2%, In5+x
— x=In5o0r1.6094 Al In 5 or 1.61 or better, mark final answer
[4] -1 for additional solutions, e.g. x=0
2 (i)Whent=0, T =100
= 100=20+hb M1 substituting t =0, T = 100
= b=80 Al cao
Whent=>5, T =60
= 60=20+80e M1 substitutingt =5, T =60
= ek=1
k=1In2/5=0.139 Al 1/51n 2 or 0.14 or better
[4]
(i) 50=20+80e™ M1 Re-arranging and taking Ins correctly — ft
= e*=38 their b and k
=  t=1In(8/3)/k =7.075 mins Al answers in range 7 to 7.1
[2]
3) YLy ey L | chainrle
dx 3 Bl 13 u?or §(1+3X2)_2/3
= 2x(1+3x%) Al 0. but must be ‘2’ (not 6/3)
[3] mark final answer
ii e 3y2 =L
(i) 3y ™ 6x M1 Y 4
= dy/dx = 6x/3y’ Al = 6X
= 2% = ox(1+3x3) " Al
(1+3X2)2/3 . o )
E1l if deriving 2x(1+3x%)™%*, needs a step of
[4] working

10



4753 Mark Scheme January 2010
40 [ 2 gx=[n¢+3)]; M2 [IN(E + 1)]
X+l 2 Al cao (must be exact)
[3]
or letu=x%+1,du=2xdx
12X 21 M1 1
= Io_X2+1dX_.[1 adu adu
- 2 Al - i
(Inu]; or [In(1+ Xz)]l with correct limits
=In2 Al cao (must be exact)
[3]
(i) [12X gy _[2X+2-2 1, 2 M1 dividing by (x + 1)
Joert =T =L DY AL AL |2 2 D)
=[2x-2In(x+D] Al
:[2—2In2( k Al
S I L) S A
or rﬁdx letu=x+1,= du=dx o
ox+1 M1 substituting u = x + 1 and du = dx (or
_22u-1) du du/dx = 1) and correct limits used for u or
=], U B1 X
2 2 M1 2(u-2lu
:L (Z_U)du dividing through by u
Al
=[2u—2Inu]’
[2u=2Inu]; 2u—2Inu allow ft on (u — 1)/u (i.e. with 2
=4-2In2-(2-2Inl) Al omitted)
=2-2In2 [5] 0.e. cao (must be exact)
5() a=0,b=3,c=2 B(2,1,0) ora=0,b=-3,c=-2
(i) a=1,b=-1,c=1 B(2,1,0)
ora=1b=1c=-1 [4]
6 f(—x) = —f(x), g(-x) = g(x) B1B1 condone f and g interchanged
g f(—x) =g [-f (9] M1 forming gf(—x) or gf(x) and using
=gf(x) f(=x) = —f(x)
= gfiseven El WWW
[4]
7 Letarcsinx = 6
= Xx=siné M1
6= arccosy =y =cos 6 M1
sin @+ cos? =1
= X+y'=1 El
[3]
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8(i) AtP,xcos3x=0
= cos3x=0 M1 or verification
=  3X=n/2,3n/2 M1 =72, (3n/2...)
=  x=n/6, /2 Al Al | dep both Ms condone degrees here
So P is (n/6, 0) and Q is (n/2, 0) [4]
oy dy . M1 Product rule
i) =X —_
L dx 3xsin3x-+cos 3x Bl d/dx (cos 3x) = =3 sin 3x
Al cao (so for dy/dx = —3xsin3x allow B1)
AP, dy _ T o T mark.flngl answer
w20 ) M1 substituting their —m/6 (must be rads)
dy Alcao | —gx/2
ALTPs 5 = oxsindxcos3x =0 M1 dy/dx = 0 and sin 3x / cos 3x = tan 3x used
=  €0s 3x = 3xsin 3x
=  1=3xsin 3x/cos 3x = 3x tan 3x
= Xxtan3x=1/3 * E1l WWW
[7]
(iii) A= J'”/S % cOS 3xdx Bl Correct integral and limits (soi) — ft their P,
0 but must be in radians
Parts with u = x, dv/dx = cos 3x M1
du/dx =1, v =1/3 sin 3x
1 . T5 ceel R
= A= 5)(5|n 3X _.[0 55|n 3xdx Al can be without limits
L 0
o 1 z Al dep previous Al.
= gXSin3X+§C°33X} M1d substituting correct limits, dep 1% M1: ft
B 1 0 € | theirp provided in radians
/4
18 9 Alcao | 0.e.but must be exact
[6]
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9) 1) = (X* +1)4x—(2x2 =1)2x
() = (X2 +1)? M1 Quuotient or product rule
— A% 4 Ax— 4% 42X 6x Al correct expression
(x* +1)° B (x* +1)? El www
2 2
V,Vhen X>0,6x>0and (x+1)">0 M1 attempt to show or solve f’(x) >0
= f(x>0 El numerator > 0 and denominator > 0 or, if
solving, 6x>0=x>0
[5]
i) fe)=8-1_42 Bl
4+1 5
Range is —1<y slé B1 must be <, y or f(x)
[2]
(iii)  f'(x) max when f"(x) =0
= 6-18%x°=0 M1
= X*=1/3,x=1N3 Al (+)1/43 oe (0.577 or better)
= 6/V3 6 9 93 M1 substituting 1//3 into f*(x)
="T—=%15"35 % Al 93/8
1, /316 8 o0.e. or 1.95 or better (1.948557..)
@3 [4]
i Domain is -1 12
(iv) Domainis —1<x<lg B1 ft their 1.4 but not x > —1
Rangeis0<y<2
g =YY= B1 or0<g(x) <2 (notf)
2_
A M1 Reasonable reflection iny = x
Alcao | from (-1, 0) to (1.4, 2), through (0, V2/2)
% allow omission of one of -1, 1.4, 2, V2/2
_ / 14 [4]
(V) _ 2x2 -1 Xy
T (could start from g)
2
= 2y2 -1
y +1
= Xy +x=2y-1 M1 Attempt to invert
=  x+1=2y—xy’=y*(2-X) M1 clearing fractions
N 2 _ X+1 M1 collecting terms in y? and factorising
2—X
x+1
= y= ,}ﬂ* El WWW
[4]
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Section A
1 i 3 d ~ 1 ) 3 7l6 -
J, cosaxdx= 32X M1 ksin 3x, k>0, k#3 or M1 foru=3x= | %cosudu condone 90° in limit
- 1.
= ZsinZ- Bl =
=1/3
é}cao 0.33 or better s0: sin 3x : M1BO0, —sin 3x: MOBO,
13sin 3x: MOBO, —1/3 sin 3x: M0B1
2 fg(x) =|x+1 gf(x) =|x+1 B1B1 | soi from correctly-shaped graphs (i.e. but must indicate which is which
without intercepts) bod gf if negative x values are missing
Bl graph of |x+]j only ‘V’ shape with (-1, 0) and (0, 1) labelled
) Bl graph of |x|+1 V’ shape with (0, 1) labelled (0, 1)
1| (4]
3(|) y: (1+3X2)1/2
1 _
=  dy/dx==(1+3x*)"2.6x M1 chain rule
= s? 1+33)12 Bl v
= 3x( ) Al o.e., but must be 3’ can isw here
[3]
(i)  y=x(1+3x%)"2
= dy/dx=x 3 - +1.(1+3x%)"2 M1 product rule
V1+3x Alft ft their dy/dx from (i)
3 +1+3%
143 M1 common denominator or factoring must show this step for M1 E1
(1+3X2)7l/2
_Lvbx El WwWw
V1+3x [4]
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N

p =100/x = 100 x*

=  dp/dx=-100x? =-100/¥ M1 attempt to differentiate
Al -100x o.e. condone poor notation if chain rule correct
dp/dt = dp/dx x dx/dt M1 0.e. soi orx=50+10t B1
dx/dt =10 B1 SOi = P =100/x=100/(50 + 10 t)
When x = 50, dp/dx =(~100/50%) Midep | substituting x = 50 into their dp/dx dep 2" M1 | = dP/dt = ~100(50 + 10 t) ? x 10 = ~1000/(50 + 10t) % M1
= dp/dt = 10 x -0.04 = -0.4 Alcao 0.e. e.g. decreasing at 0.4 Al
[6] When t = 0, dP/dt = ~1000/50° = -0.4 Al
5 yY=xy-x
= 3y’ dy/dx = xdy/dx +y—2x B1 3ydyldx
B1 x dy/dx + y — 2x must show ‘x dy/dx + y’ on one side
= 3y’ dy/dx— xdy/dx= y-2x
= By =X dyldx=y-2x M1 collecting terms in dy/dx only
= dyldx=(y-2%)/(3y" - X) * El
TP whendy/dx=0=y-2x=0
= y=2X M1
= ()% =x2x-X M1 orx=1/8and dy/ldx=0=y=% or X :_1/8 =>y= (1/_8)y— 1/6_4 M1 _
gz or (1/4)® = (1/8)(1/4) —(1/8)? verifying that y = ¥ is a solution (must show evidence*) M1
—  x=1/8*(or0) E1 or verifying e.g. 1/64 = 1/64 = dy/dx_: (Ya— 2(1/8))_/(...) =0E1
1 *just stating that y = ¥ is M1 MO EO
6 fX)=1+2sin3x=y X<y
X=1+2sin 3y M1 attempt to invert at least one step attempted, or reasonable attempt at flow chart
=  sin3y=(x-1)/2 Al inversion
=  3y=arcsin [(x-1)/2] Al
= v="Laresinl X221 | s0 £ = Laresin| X1 ) . . .
y= 3arcsm 5 (X) = 3arcsm 5 Al mustbey=...or f(x) = ... (or any other variable provided same used on each side)
Range of fis —1t0 3 M1 or -1<(x-1)2<1 condone <’s for M1
= -l=x=3 Al must be ‘x’, not y or f(x) allow unsupported correct answers; —1 to 3 is M1 A0
[6]
7 (A) True, (B) True, (C) False B2,1,0
Counterexample, e.g. V2 + (<¥2) = 0 B1
3]
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8() Whenx=1y=3In1+1-12 El
= [1]
iy 3.19x M1 d/dx (In x) = 1/x
dx  x Alcao
= AR, M _4 3, 5
dx X
=  3+x=-2%=0 M1 re-arranging into a quadratic =0 SC1 for x = 1.5 unsupported, SC3 if verified
=  (B3-2)(1+X)=0 M1 factorising or formula or completing
—  x=15,(or-1) Al square
— y=3In15+15-152 M1 substituting their x
= 0.466 (35.f) Alcao
d’y 3 . .
Pt B1ft ft their dy/dx on equivalent work
— 2 —
When x = 15, d°y/dx’ (= ~10/3) <0=>max | g4 www — don’t need to calculate 10/3 but condone rounding errors on 0.466
[l
(iii)  Letu=Inx, du/dx=1/x
dvidx=1,v=x M1 parts
1
= — — =
Jlnxdx_xlnx J.X.de Al
=xXIn x—Jl.dx
_ Al condone no ¢ allow correct result to be quoted (SC3)
=xInx-x+c
= _ % 2 correct integral and limits (soi)
A_j1 (3In X+ x—x2)dx Bl
2.05
=[3x|n x—3x+1xz—1x3} B1ft 3xtheir xIn x— x4+ L x2 -1 ¢
2 3 2 3
=-2.5057 + 2.833.. M1dep | substituting correct limits dep 1% B1
=0.33 (2s.f.) Al cao
[7]
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9(i) (0,%) Bl allowy =%, butnot (x=) % or (% ,0)
[1] nor P =1/2
(i) y_ (remze” e 2¢” M1 Quotient or product rule d
1+ @2 roduct rule: QY _ a2x 9a2x/_ 2xy-2 2x 2xy-1
o ZX( ety Al correct expression — condone missing productru dx e”.2e7 (- +e7) " +2e7 (1 +e™)
:L Al bracket 2?2
(1+e)? cao — mark final answer ~—==__ from (udv - vdu)* SC1
When x = 0, dy/dx = 2e%(1+e%? = ¥ B1ft (L+e)°
[4] follow through their derivative
(i) J‘ Ty Bl correct integral and limits (soi) condone 1o dx
, M1 kIn(1 +e*)
[—In(1+e X)} Al k=1
or  letu=1+e” duldx=2e” 2 M1 or v =% dvidx = 2™ o.e.
1+e2 1/ 2 —_11 e
= A= j —du = [Elnu} Al [“Inu]or[“In (v +1)]
2
:E|n(1+ez)_%|n2 M1 substituting correct limits
1 146 E1 WWW allow missing dx’s or incompatible limits, but penalise
=35 In { > }* [5] missing brackets
(iv) 1[ e =g 1[ e*—g* M1 substituting —x for x in g(x)
9(=x) :E R = ol eger =-9(X) El completion www — taking out —ve must not g(—x) # g(x). Condone use of f for g.
. be clear
Rotational symmetry of order 2 about O B1 must have ‘rotational’ *about O”, “order
[3] 2’ (0e)
1e—e* 1 1 e—e*+e"+e™
WA g(x) +2 25 e 2 25-(T) M1 combining fractions (correctly)
:1,( 2e ) Al
2 ef+e*
ex lex er
ErreT) el v ¥ | d Il hift d f
. M1 translation in y direction allow ‘shift’, ‘move’ in correct direction for M1.
O 1
(B) Translation (1/2) Al up %2 unit dep ‘translation’ used ( 0 J alone is SC1.
(C) Rotational symmetry [of order 2]about P B1 0.e. condone omission of 180°/order 2 1/2
[6]
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1 y=axt = (1 +x) M1 L+ x*)13 Do not allow MR for square root
dv 1 2 M1 chain I’El|e _ their dy/du x du/dx (available for wrong indices)
= d_z - 5(1+ x2) 2.2x B1 (1/3) u™? (s0i) no ft on % index
2
:gx(“ Xz)% Al cao, mark final answer oee.g. 2(+x) ° , 2x___, etc but must combine 2 with 1/3.
3 [4] 3 33(1+ x%)?
2 2x+1|> 4 L AL low ML for 11 Same scheme for other methods, e.g. squaring, graphing
allow or 1% seen
o:r gz : i i_A'f:jxill_/zz% M1 Al | allow M1 for —2% seen Penalise both > and < once only.
= = [4] -1 if both correct but final ans expressed incorrectly, e.g 2% >x > 1% or
1% < x <-2% (or even —2% < x < 1% from previously correct work) e.g. SC3
3 A= nr?
=  dA/dr=2nar M1Al | 2nr MZ1AQ if incorrect notation, e.g. dy/dx, dr/dA, if seen. 2r is M1AO
When r =2, dA/dr = 4x, dA/dt =1 | Al soi (at any stage) must be dA/dr (soi) and dA/dt
dA dA dr any correct form stated with relevant variables , e.g.
9t dr ML | chain rule (0.€) dr_dr dA dr_dr dt g
= 1 = 4x.dr/dt dt dA dt ' dt dA dA’
—  dr/dt = 1/4x = 0.0796 (mmis) Al cao: 0.08 or better condone truncation .
(5] allow 1/4x but mark final answer
4 sin @=BC/AC, cos 8= AB/AC M1 or a/b, c/b allow o/h, a/h etc if clearly marked on triangle.
AB? + BC?= AC? condone taking AC =1 but must be stated
=  (AB/AC)*+ (BC/IAC)* =1
—  co0s20 +sin%0 =1 Al Must use Pythagoras arguing backwards unless < used A0
Valid for (0° <) & < 90° Bl allow <, or ‘between 0 and 90’ or < 90
[3] allow < 7/2 or “acute’
for first and second B1s graphs must include negative x values
5(i) B1 shape of y = ¢ — 1 and through O condone no asymptote y = —1 shown
2 Bl shape of y = 2™ asymptotic to x-axis (shouldn’t cross)
Bl through (0, 2) (not (2,0))
T Bl s
(i) e -1=2¢* M1 equating
= e*-e=2
= (€)?-e'-2=0 M1 re-arranging into a quadratic in e* =0 allow one error but must have e = () (soi)
= (f-2)(e*+1)=0
- =2 (or-1) Bl stated www award even if not from quadratic me@hod (i.e. by “fitting’) provided www
—~  x=In2 Bl WWwW allow for unsupported answers, provided www
- y=1 [Bsﬁcao WWw need not have used a quadratic, provided www
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6 (X+Yy)? =4x

Award no marks for solving for y and attempting to differentiate

= 2(x+ y)(1+¥) =4 M1 Implicit differentiation of LHS allow one error but must include dy/dx
d 4 X 5 Al correct expression = 4 ignore superfluous dy/dx = ... for M1, and for both Als if not pursued
= 1+d_y = X ) =< condone missing brackets
X X+Yy) X+y
= dy__ 2 =
dx x+y Al www (AG) AQ if missing brackets in earlier working
or mx_z_:r_2xy+ y? = 4x _ T
dy dy M1ldep | Implicit differentiation of LHS allow 1 error provided 2xdy/dx and 2ydy/dx are correct, but must expand
= 2X+ 2Xd—+ 2y + 2yd— =4 Al dep correct expansion (x +y)? correctly for M1 (so x? + y? = 4x is M0)
q X X correct expression = 4 (oe after re- ignore superfluous dy/dx = ... for M1, and for both Als if not pursued
= d—y(2x+2y) =4-2x-2y arrangement)
X
. d_y= 4 1= 2 1* Al www (AG) AO0 if missing brackets in earlier working
dx 2x+2y X+Yy
Whenx=1,y=1,9Y_ 2 | _ % aﬁ """" (AGyoe (eg. fromx+y=2)  |oreg2i(x+y)—1=0=x+y=2,—=4=4x >x=1y=1 (ce)
dx 1+1
7() bounds-mn+1,mt+1 B1B1
= —n+l<fx)<n+1l Blcao |or..<y<..or(-n+1,n+1) not ... <x<..., not ‘between ...’
[3]
(i) y=2arctanx+1 x <>y M1 attempt to invert formula one step is enough, i.e. y — 1 = 2arctan x or x — 1 = 2arctan y
X =Z2arctany +1
. x2—1 _arctany Al or y2—1 _ arctan x need not have interchanged x and y at this stage
. x-1, — = x-1
y= tan(T) (x) = ta”(T) Al allowy = ...
Bl reasonable reflection iny = x curves must cross on y = x line if present (or close enough to imply intention)
curves shouldn’t touch or cross in the third quadrant
B1 (1, 0) intercept indicated.
[5]
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A 3
8(i) J'l X_dx letu=1+x, du=dx
01+X . L
whenx=0,u=1,whenx=1,u=2 B1 a=1b=2 seen anywhere, e.g. in new limits
2 (U _1)3 Bl (U - 1)3/U
<[ |
=j2 (U7 —3u% +3u—1) iy M1 expanding (correctly)
12 ! 1 Aldep | dep du=dx (0.e.) AG e.g. du/dx = 1, condone missing dx’s and du’s, allow du =1
:L (u? —3u+3—a)du
2 B1 1, 3
j:lfxdx:Eu?’—guz+3u—|nu} [§u375u2+3uflnu}
8 13 ' M1 substituting correct limits dep upper — lower; may be implied from 0.140...
= (§*6+6*|n 2)*(5*5+3*|n1) integrated
5 Alcao | must be exact — must be 5/6 must have evaluated In1=0
:g—lnz [7]
(i) y=x"In(1+x) M1 Product rule
dy 1 B1 d/dx (In(1 +x)) = /(1 + x) or d/dx (Inu) = 1/u whereu =1 + x
= D_y_ -
dx X "1+ X +2xIn(L+X) Al cao (oe) mark final ans In1+x is AO
2
X +2xIn(1+x)
X e - . .
WhJern x=0,dy/dx=0+0In1=0 Xlll substituting x = 0 into correct deriv \t/Jvhen xd: 0, dy/dx = Obwitrll no e\I/idtlance of substituting M1AQ
(= Origin is a stationary point) [5]cao WWW ut condone missing bracket in In(1+x)
1
iii = x?
(i) A J.o X“In(L+x)dx Bl Correct integral and limits condone no dx, limits (and integral) can be implied by subsequent work
letu =In(1+x), dv/dx=x>
d 1 1
L —, v=2x° M1 parts correct u, du/dx, dv/dx and v all correct (oe)
dx 1+x 3
1 ol x
= = =¥ - ==
A [3 X" In(L+ X)l 031+ X Al condone missing brackets
1 5 1 1
==In2-(—-=In2 Bl ==In2-
3 (18 ) 3 In2—..
o2 o Bift | - — /3 (result from part (i) condone missing bracket, can re-work from scratch
3 18
=zln 2—i Al cao oee.g. :Mylm 4_3, etc but must have evaluated In 1 =0
18 18 3 8
[6] Must combine the two In terms
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9(i) d  sinx :cosx.cosx—sinx.(—sinx)

—(—=)

product rule: L.cos X +5sin x(—%)(—sin x) but must show evidence
COS X €c0os* X

dx ‘cos X cos? X M1 Al | Quotient (or product) rule
2 in2 1 of using chain rule on 1/cos x (or d/dx (sec x) = sec x tan x used)
_ cos x+25|n X _ _* AL (AG)
cos’® X cos® X 3]
i) Area= [7*_1 _ . . . L
(i .[0 cos? x dx Bl correct integral and limits (soi) condone no dx; limits can be implied from subsequent work
= [tan x]g/4 M1 [tan x]or [ﬂ}
COS X
=tan(n/4) -tan0=1 Al unsupported scores MO
[3]
(iii) (0) = 1/cos®(0) = 1 Bl must show evidence
g(x) = 1/2cos’(x + n/4) M1 or f(r/4) = 1/cos®(n/4) = 2
9(0) = 1/2cos*(n/4) = 1 Al 50 g(0) = % f(n/4) = 1
(= fand g meetat (0, 1)) 3
(iv) Translation in x-direction M1 must be in x-direction, or [7;z/4] ‘shift’ or ‘move’ for “translation’ M1 AQ: -rl4 alone SC1
through —m/4 Al 0 0
TR M1 L
Stretch in y-direction must be in y-direction ‘contract’ or “‘compress’ or ‘squeeze’ for ‘stretch’ M1AO; ‘enlarge’ MO
scale factor %2 Al
! ! y ! ! B1ft asymptotes correct stated or on graph; condone no x = ..., ft w/4 to right only (viz. —n/4, 3n/4)
too ! ! Bift min point (—r/4, %2 ) stated or on graph; ft 7/4 to right only (viz. (n/4, %))
| | E | B1 curves intersect on y—axi§ ‘y-values halved’, or ‘x-values reduced by n/4, are MO (not geometric
W : i Bldep | correct curve, dep B3, with transformations), but for M1 condone mention of x- and y- values provided
: i : : asymptote lines indicated and transformation words are used.
! ! [ ! correct, and TP in correct position
: L (=n/4, %) | :
— o> x | U
x=-3m/4  x=-m/2 x=n/4 x=m/2
(v) Same as area in (ii), but stretched by s.f. . or [° 1o 1 1 0 =1
Soarea= . BIft | %areain (ii) L,/Ag(x)dX‘Eff,m—cosz(xwm)dx‘E[ta”(“”/“]-m ’
[

allow unsupported
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Marking instructions for GCE Mathematics (MEI): Pure strand

1.

You are advised to work through the paper yourself first. Ensure you familiarise yourself
with the mark scheme before you tackle the practice scripts.

You will be required to mark ten practice scripts. This will help you to understand the
mark scheme and will not be used to assess the quality of your marking. Mark the scripts
yourself first, using the annotations. Turn on the comments box and make sure you
understand the comments. You must also look at the definitive marks to check your
marking. If you are unsure why the marks for the practice scripts have been awarded in
the way they have, please contact your Team Leader.

When you are confident with the mark scheme, mark the ten standardisation scripts. Your
Team Leader will give you feedback on these scripts and approve you for marking. (If your
marking is not of an acceptable standard your Team Leader will give you advice and you
will be required to do further work. You will only be approved for marking if your Team
Leader is confident that you will be able to mark candidate scripts to an acceptable
standard.)

Mark strictly to the mark scheme. If in doubt, consult your Team Leader using the
messaging system within scoris, by email or by telephone. Your Team Leader will be
monitoring your marking and giving you feedback throughout the marking period.

An element of professional judgement is required in the marking of any written paper.
Remember that the mark scheme is designed to assist in marking incorrect solutions.
Correct solutions leading to correct answers are awarded full marks but work must not be
judged on the answer alone, and answers that are given in the question, especially, must
be validly obtained; key steps in the working must always be looked at and anything
unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result
following an apparently incorrect method. Such work must be carefully assessed. When
a candidate adopts a method which does not correspond to the mark scheme, award
marks according to the spirit of the basic scheme; if you are in any doubt whatsoever
(especially if several marks or candidates are involved) you should contact your Team
Leader.

The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the
method is essentially understood. Method marks are not usually lost for numerical errors,
algebraic slips or errors in units. However, it is not usually sufficient for a candidate just to
indicate an intention of using some method or just to quote a formula; the formula or idea
must be applied to the specific problem in hand, eg by substituting the relevant quantities
into the formula. In some cases the nature of the errors allowed for the award of an M
mark may be specified.

A

Accuracy mark, awarded for a correct answer or intermediate step correctly obtained.
Accuracy marks cannot be given unless the associated Method mark is earned (or
implied). Therefore MO Al cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires
more working or explanation than the establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong
working following a correct form of answer is ignored. Sometimes this is reinforced in the
mark scheme by the abbreviation isw. However, this would not apply to a case where a
candidate passes through the correct answer as part of a wrong argument.

When a part of a question has two or more ‘method’ steps, the M marks are in principle
independent unless the scheme specifically says otherwise; and similarly where there are
several B marks allocated. (The notation ‘dep *' is used to indicate that a particular mark
is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may
happen that when a candidate has once gone wrong in a part of a question, the work from
there on is worthless so that no more marks can sensibly be given. On the other hand,
when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

The abbreviation ft implies that the A or B mark indicated is allowed for work correctly
following on from previously incorrect results. Otherwise, A and B marks are given for
correct work only — differences in notation are of course permitted. A (accuracy) marks
are not given for answers obtained from incorrect working. When A or B marks are
awarded for work at an intermediate stage of a solution, there may be various alternatives
that are equally acceptable. In such cases, exactly what is acceptable will be detailed in
the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same
question. In this case, A marks will often be ‘follow through’. In such cases you must
ensure that you refer back to the answer of the previous part question even if this is not
shown within the image zone. You may find it easier to mark follow through questions
candidate-by-candidate rather than question-by-question.

Wrong or missing units in an answer should not lead to the loss of a mark unless the
scheme specifically indicates otherwise. Candidates are expected to give humerical
answers to an appropriate degree of accuracy, with 3 significant figures often being the
norm. Small variations in the degree of accuracy to which an answer is given (e.g. 2 or 4
significant figures where 3 is expected) should not normally be penalised, while answers
which are grossly over- or under-specified should normally result in the loss of a mark.
The situation regarding any particular cases where the accuracy of the answer may be a
marking issue should be detailed in the mark scheme rationale. If in doubt, contact your
Team Leader.

Rules for crossed out and/or replaced work

If work is crossed out and not replaced, examiners should mark the crossed out work if it
is legible.

If a candidate attempts a question more than once, and indicates which attempt he/she
wishes to be marked, then examiners should do as the candidate requests.

If two or more attempts are made at a question, and just one is not crossed out,
examiners should ignore the crossed out work and mark the work that is not crossed out.

If there are two or more attempts at a question which have not been crossed out,
examiners should mark what appears to be the last (complete) attempt and ignore the
others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
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For a genuine misreading (of numbers or symbols) which is such that the object and the
difficulty of the question remain unaltered, mark according to the scheme but following
through from the candidate’s data. A penalty is then applied; 1 mark is generally
appropriate, though this may differ for some units. This is achieved by withholding one A
mark in the question.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy
error.

Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for
responses that are not awarded either 0 or full marks. It is vital that you annotate
standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you
have awarded.

For answers scoring no marks, you must either award NR (no response) or 0, as follows:

Award NR (no response) if:

o Nothing is written at all in the answer space

o There is a comment which does not in any way relate to the question being asked
(“can’t do”, “don’t know”, etc.)

o There is any sort of mark that is not an attempt at the question (a dash, a question

mark, etc.)

The hash key [#] on your keyboard will enter NR.

Award 0 if:

. There is an attempt that earns no credit. This could, for example, include the
candidate copying all or some of the question, or any working that does not earn any
marks, whether crossed out or not.

The following abbreviations may be used in this mark scheme.

M1 method mark (M2, etc, is also used)
Al accuracy mark

Bl independent mark

El mark for explaining

Ul mark for correct units

Gl mark for a correct feature on a graph

M1 dep* method mark dependent on a previous mark, indicated by *
cao correct answer only

ft follow through

isw ignore subsequent working
oe or equivalent

rot rounded or truncated

sc special case

SOi seen or implied

WWw without wrong working
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Annotating scripts. The following annotations are available:

vand %

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working (after correct answer obtained)

MO, M1 Method mark awarded 0, 1
AO, Al Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0,1

SC Special case
A Omission sign
MR Misread

Highlighting is also available to highlight any particular points on a script.

The comments box will be used by the Principal Examiner to explain his or her marking of
the practice scripts for your information. Please refer to these comments when checking
your practice scripts.

Please do not type in the comments box yourself. Any questions or comments you
have for your Team Leader should be communicated by the scoris messaging system, e-
mail or by telephone.

Write a brief report on the performance of the candidates. Your Team Leader will tell you
when this is required. The Assistant Examiner’s Report Form (AERF) can be found on the
Cambridge Assessment Support Portal. This should contain notes on particular strengths
displayed, as well as common errors or weaknesses. Constructive criticisms of the
question paper/mark scheme are also appreciated.

Link Additional Objects with work relating to a question to those questions (a chain link
appears by the relevant question number) — see scoris assessor Quick Reference Guide
page 19-20 for instructions as to how to do this — this guide is on the Cambridge
Assessment Support Portal and new users may like to download it with a shortcut on your
desktop so you can open it easily! For AOs containing just formulae or rough working not
attributed to a question, tick at the top to indicate seen but not linked. When you submit
the script, scoris asks you to confirm that you have looked at all the additional objects.
Please ensure that you have checked all Additional Objects thoroughly.

The schedule of dates for the marking of this paper is displayed under ‘OCR Subject
Specific Details’ on the Cambridge Assessment Support Portal. It is vitally important that
you meet these requirements. If you experience problems that mean you may not be able
to meet the deadline then you must contact your Team Leader without delay.
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R

allow unsupported answers

—  ox—l=xx=1 M1Al | www or from graph
or —(2x—1)’= « x=1/3 M1Al | www, or 2x— 1 = —x must be exact for A1 | or squaring = 3x* —4x + 1 =0 M1
’ (e.g. not 0.33, but allow 0.3) = (3x—1)(x—1) =0 M1 factorising, formula or comp. square
condone doing both equalities in one line =x=1,1/3 A1 Al allow M1 for sign errors in factorisation
[4] e.g. —x=2x—1=x etc —1 if more than two solutions offered, but isw inequalities
2 gf(x) = e M1 Forming gf(x) Doing fg: 2In(e’) = 2x SC1
= gh¥ M1 (soi) Allow X (but not 2x) unsupported
=2 Al
[3]
2 4+ . .
i) dY_ X% Inx2x M1 quotient rule with u = In xand v =X Consistent with their derivatives. udv + vdu in the quotient rule is MO
dx N B1 d/dx (In x) = 1/x soi
x—2xIn x Al correct expression (0.e.) Condone Inx.2x = In 2% for this A1 (provided In x.2x is shown)
X .
_ Al o.e. cao, mark final answer, but must have 1 2Inx 3 5.3
_1 )2(3In X [4] divided top and bottom by x &g X X" —2x7Inx
o 4y o o1 ML productrule withu=x?andv=Inx | orviceversa ]
or ZY__ st -
dx 2xInx+x (x) Bl d/dx (In x) = 1/x soi
Al correct expression
— o3 In x4 X Al 0.e. cazlo, mark final answer, must simplify
the xX°.(1/X) term.
[4]
(ii) J'“_de letu=In x dwdx= 1/x _ .
X M1 Integration by parts with
dvidx = 15, v=—x"* u=Inx, duwdx=1/x, dvidx=1/x* v=-x"* | Must be correct
_ 1 11,
=% n X+J‘;-; X Al must be correct, condone + ¢
1 1 .
=—=In x+j—dx at this stage . Need to see 1/x°
X X2
=_l|n x—1+c Al condone missing ¢
X X
_ —l(ln x+1)+ c* Al NB AG must have ¢ shown in final answer
X [4]
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4G) h=a-be®=a=105 B1
(theina—be’ = 0.5 M1 aneed not be substituted
=b=10 Alcao
[3]
(i) h=105-10e™
Whent=8,h=10.5-10e =6 M1 ft their aand b (even if made up) allow M1 for a—be® =6
= 10e%=45
— -8k=1In0.45 M1 taking Ins correctly on a correct re- allow a and b unsubstituted
arrangement - ft a, b if not eased allow their 0.45 (or 4.5) to be negative
= k=1In0.45/(-8) = 0.09981... = 0.10 '[Asi cao (www) butallow 0.1
5 y=x(1 + 4x)"?
dy ,1 12 2 M1 product rule with u= X, v= \/(1 +4x) consistent with their derivatives; condone wrong index in v used
T gy G AT x4 B1 Y (...) M soi for M1 only
Al correct expression
=2X(1+4x) ™ (X +1+4X isi ini i
2>(<(5x+i) *( ) Xlll ﬁg%gmg or combining fractions (need not factor out the 2x) must have evidence of x + 1 + 4x oe
i Sl . or 2x(5x + 1)(1 + 4x) ™ or 2x(5x + 1)/(1 + 4x)*
V1+4x [5]
6(i) sin(/3) + cos(n/6) =\3/2 +V3/2=v3 | Bl must be exact, must show working Not just sin(/3) + cos(n/6) = V'3, if substituting for y and solving
[1] for x (or vv) must evaluate sin 7/3 e.g. not arcos(¥3 — sin n/3)
(i) 2cos2x—sin yﬂzo N - _ ~
dx M1 Implicit differentiation allow one error, but must have (z) sin y dy/dx. Ignore dy/dx = ...
= 2cosoxesinvdY Al correct expression unless pursued. 2cos 2x dx —siny dy = 0 is M1A1
€os2x=sin ya (could differentiate wrt y, get dx/dy, etc.)
dy 2cos2x
= g ="
dx siny Alcao M is A0
- - —sin
When x =1/6, y = /6 Midep | substituting dep 1% M1 or 30° Y
- dy_2cosz/3_, Al www
dx sinz/6 [5]
f n n — (M2 _ 2n _ T 2
7)) @F+DE-)=@) -1ors"-1 [Bﬁ mark final answer or 9"—1; penalise 3" if it looks like 3 to the power n?.
(i) 3"is odd = 3" +1 and 3" - 1 both even M1 3"is odd Induction: If true for n, 3" — 1 = 8k, so0 3" =1+ 8k, M1
As consecutive even nos, one must be M1 = 3"+1 and 3" - 1 both even 3%™D_1 = 9x(8k + 1) — 1 = 72k + 8 = 8(9k + 1) so div by 8. Al
divisible by 4, so product is divisible by 8. | Al completion When n=1, 3° - 1 = 8div by 8, true Al(or similar with 9"
[3]
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80 f(-x) =+ M1 bstituting —x for xin f : 1
e"+e V42 substituting —x for x in f(x) Can imply that e = *from f(_y)=_ =
=f(x) , [= fis even *] Al ‘ o . e*+e'+2
Symmetrical about Oy E[’é] condone ‘reflection in y-axis Must mention axis
(i)  f(X)=—("+e*+2)2(e*—e) B1 d/dx (€) = e* and d/dx(e™) = -7 soi
X, amX (X ax M1 chain or quotient rule . - e . -
or — (e*+e :—2)._(3 (e2 e™) condone missing bracket on top if correct If differentiating o withhold A1 (unless result in (iii) proved here)
E'+e7+2) thereafter €D
B (e—x_EX) l
B (e*+e+2)? Al o.e. mark final answer €0 ————x(e7*-¢”)
[3] (e*+e™*+2)
e e e - 1
ii = - or = ML, =_ = Al
(i) f(x) 1126 M1 x top and b?ttom by e* (correctly) @417 42641 P
e x AL condone e* for M1 but not Al condone no e* = (") ,for both M1 and Al
T2 NB AG
(e*+1) [2]
. 1 ex _ ex .. . .
(iv) Azj"md X B1 correct integral and limits condone no dx, must use f(x) = Gl . Limits may be implied by
letu=¢e*+1,du=e*dx I i(d u) subsequent work. If 0.231.. unsupported, allow 1% B1 only
B A, _ _ M1 U2
whenx=0,u=2;whenx=1,u=e+1
" 1 . .
= A=J‘1 eizdu Al [——} or by inspection [ k } M1 [_ 1 }Al
2y u g +1 e +1
1 e M1 substituting correct limits (dep 1% M1 and | upper—lower; 2 and 1+e (or 3.7..)for u, or 0 and 1 for x if substituted back
L oul, integration) (correctly)
-t .1 1 1 Alcao K final Must be exact e-1 - : :
T Tlve 2 2 11e 0.€. mark Tiha  answer. [viust be exac e.g. . Can isw 0.231, which may be used as evidence of M1.
Don’tallow e". 2(1+e)
an isw numerical ans (e.g. 0. ut not algebraic errors
[5] Cani ical ans (.. 0.231) b Igebrai
. 1 X 1 1
(v) Curves intersect when f(x) = =¥ . € o ==
4 M1 sol (+1)? ~ e+e*+2 4
2 — - XZ
=  (@+1) =4 M1 or equivalent quadratic — must be correct | With e or (), condone e*, €’
= e=1lor-3
s0 as e*> 0, only one solution Al getting * = 1 and discounting other sol" | www e.g. &*=~1[or €"+ 1 =-2] not possible
=1 =x=0 Bl x = 0 www (for this value) www unless verified
when x=0,y=% B1 y = Y4 www (for the x value) Do not allow unsupported. A sketch is not sufficient
[5]
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9() Whenx=0, f(x)=a=2* Bl NB AG ‘“ais the y-intercept’ not enough or equiv transformation arguments :
but allow verification (2+sin 0 = 2) e.g. ‘curve isshiftedup 2soa=2".
When x=m, f(r) =2 +sinbn =3 M1 or when x = —mx, f(-m) =2 +sin (-bm) = 1
= sinbr=1 = sin(—br) = -1 condone using degrees e.g. period of sine curve is 4m, or stretched by sf. 2 in x-direction
= br=%msob=%* Al =-br=-%mr,b=% NBAG (not squeezed or squashed by %2 )
or 1=a+sin (-nb) (= a-sin nh) = b =% If verified allow M1A0
3=a+sin (nh) M1 for both points substituted If y =2+ sin % x verified at two points, SC2
= 2=2sinmb,sintb=1,tb=n/2,b=% Al solving for bor a _ _ _
— 3=a+lorl=a-1=ax=2 (oeforb) Al substituting to get a (or b) A sequence of sketches starting from y = sin x showing clearly the
3 translation and the stretch (in either order) can earn full marks
(i) f'(¥)=%cos%x M1 tk cos % x
Al cao
= f'0)=% Al WWW
Maximum value of cos ¥ x is 1 M1 or f"(X) = — Yasin % x
= max value of gradient is % '[AE% f7(x) = 0 = x = 0, so max val of f’(x) is %
(iii)) y=2+sin¥%axxsy M1 Attempt to invert formula viz solve for x in terms of y or vice-versa — one step enough
X=2+sin%y condone use of aand b in inverse function, e.g. [arcsin(x — a)]/b
= X-2=sint%y
= arcsin(x-2) =ty Al orarcsin(y —2) = %2 x or sin"*(y — 2) condone no bracket for 1% A1 only
= y=f"(x) = 2arcsin(x - 2) Al mustbey=...or fi(x) = ... or 2sin"*(x — 2), condone f ’(X), must have bracket in final ans
Domain 1 <x<3 Bl or[1, 3] butnot1<y<3
Range -t <y<m Bl or [-m, mlor -t <f () < but not —n < x < 7. Penalise <’s (or ‘1 to 3°,’~r to 7”) once only
Gradient at (2, 0) is 2 [Béﬁ ft their answer in (ii) (except +1) L/their % | or by differentiating arcsin(x — 2) or implicitly
(iv) A= j: (2+sin 1 x)d x M1 correct integral and limits soi from subsequent work, condone no dx but not 180
; ,, [gx_ kcosl x} where K is positive
1 M1 2
= |:2X—2COSEX:|
2n— (2) 0 Al k=2
=n— (- st
- on+2(=8.2831..) Alcao | answers rounding to 8.3 Unsupported correct answers score 1 M1 only.
[4]
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Question Answer Marks Guidance
1 1 2 : M1 [k (3x — 2)7]
dx= —3x—21’2} _
55 [3( il A2 k=273
= %.2—%.1 M1ldep | substituting limits dep 1% M1
Al
_ o NB AG
OR 1
u=3x-2=duldx=3 VR orw=3-2= [ 1
N » 1 4Ly Al u w
I, ax—2 x=], NI x 1/3 (du) x 213 w (dw)
‘ 2 2 |oe. 2
R ]
' M1dep substituting correct limits dep 1% M1 upper — lower, 1 to 4 for u or 1 to 2 for w or
= /3% Al NB AG substituting back (correctly) for x and using 1
[5] to 2
2 |2x +1|> 4
=  2xX+1>4,x>3/2 Bl x > 3/2 mark final ans: if from |2x |>3 B0 | by squaring: 4x* + 4x — 15 > (or =) 0 M1
or  2x+1<-4, M1 0.6.,e.0. —(2x+ 1) >4 (or 2x + 1 = —4) x>3/2 Al x<-2% Al
if [2x + 1|<— 4, MO Penalise > and < once only
X < —2Y Al X < —2% mark final ans 3/2 < x < —2% SC2 (mark final ans)
[3] allow 3 for correct unsupported answers
3 e _5_a* B1 2e2r 8 _ ory=InV(5-e™) o.e (e.g% In(5-¢7) )B1
dy dx = dy/dx =e/[2(5-¢ )] 0.e. B1
= 26V S=e B1 =g (but must be correct)
- dy_e
dx 2e¥
AL, 1) £ - % Mildep | substituting x =0,y =In 2 into their dy/dx or substituting x = 0 into their correct dy/dx
L dx  2e dep 1% B1 — allow one slip gx= y
=3 Alcao
[4]
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4 () 1-9a°=0 ML [or1-9x*=0 V(1-9a%) =1-3ais MO
=a’=19=a=1/3 Al | or0.33 or better V(1/9) is A0 nota ==+ 1/3 nor x = 1/3
[2]
4 (i) Range0 <y<1 Bl or0< f(x)<lor0 <f <1 not 0<x<1 |allowalso[0,1], or 0 to 1 inclusive,
0< y<+V1isBO but not 0to 1 or (0,1)
[1]
4 (iii) M1 curve goes from x=-3atox=3a must have evidence of using s.f. 3
‘ (or—1to1l) allow also if s.f.3 is stated and
_'/ \'1 stretch is reasonably to scale
1 M1 vertex at origin
Al curve, ‘centre’ (0,-1), from (-1, —1) to allow from (—3a, —1) to (3a, —1)
(1, —1) (y-coords of —1 can be inferred from | provided a = 1/3 or x = [£] 1/3 in (i)
vertex at O and correct scaling) AO0 for badly inconsistent scale(s)
[3]
5 Q) Whent=0,P=7-2=5,s05 (million) B1
In the long term e ™ — 0 M1 allow substituting a large number for t (for
So long-term population is 7 (million) /ﬁ both marks) allow 7 unsupported
3
5 | (ii) P=7-2e"
Whent=1,P=55
= 55=7-2¢* M1
= e*=(7-55)/2=0.75
=  &=In((7-5.5)/2) M1 | re-arranging and anti-logging — allow 1 slip | but penalise negative Ins,
(e.g. arith of 7 = 5.5, or k for —k) e.g.In(-1.5) =In(-2) — k
orin2—-k=In150.e.
= k=0.288 (3s.f) Al 0.3 or better rounding from a correct value of
allow In(4/3) or —In(3/4) if final ans k =0.2876820725..., penalise
truncation, and incorrect work with
[3] negatives
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6 (1 y=2arcsin%=2x 76 M1 y =2 arcsin %2
=73 Al must be in terms of 7 — can isw 1.047... implies M1
approximate answers
[2]
6 (i) y =2 arcsin x Xy
= Xx=2arcsiny
= X/2 = arcsin y M1 or y/2 = arcsin x
= y=sin (x/2) [so g(X) = sin (x/2)] Al but must interchange x and y at some stage
= dy/dx = % cos(% X) Alcao
AtQ, x= 73 M1 substituting their /3 into their derivative
= dy/dx = Y2 cos 76 = % \3/2 = \3/4 Al | must be exact, with their cos(x/6) evaluated
= gradientat P = 4/\3 B1ft | o.e.e.g.4V3/3 but must be exact or f'(x) = 2N(1-x%)
ft their V3/4 unless 1 /(%) = 2% = 43 cao
[6]
7 () s(—x) = f(—x) + g(-—x) M1 must have s(—x) = ...
=—f(x) + -9(x)
=—(f(x) +9(x)) Al
=-s(x) (sosisodd)
[2]
7 (i) p(—x) = f(—x)g(-x) M1 | must have p(—x) = ...
=(—f(x)) x (=9(x)) _ 5 .
= f(x)g(x) = p(X) Allow SC1 for showing that p(—x) = p(x) e.g. f(x) =x, g(x) = x7, p(x) = x
so p is even Al using two specific odd functions, but in this | p(—x) = (-x)* = x* = p(x) , so p even
[2] case they must still show that p is even condone f and g being the same
function
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8 Q) dy — Sin 2X 4 2X COS 2X M1 d/dx(sin 2x)_ = 2c0s 2X soi can be inferred from dy/_dx = 2X €0S 2X
dx Al cao, mark final answer e.g. dy/dx = tan 2x + 2x is AO
dy/dx = 0 when sin 2x + 2x cos 2x = 0 M1 equating their derivative to zero,
=  Sin2x+2xcos2x _ . provided it has two terms
COS 2X
= tan2x+2x=0%* Al must show evidence of division by cos 2x
[4]
8 | (i) AtP, xsin2x=0 M1 Finding x = 772 using the given line
=sin2x=0, 2x=(0), 7= x = a2 Al X = 72 equation is MO
AUP, dyfdx = sin 7 + 2(#/2) cos n =~z B1ft | fttheir #/2 and their derivative
Eqn of tangent: y — 0 = —z(X — 72) M1 substituting 0, their 772 and their —rinto or thelr_—mnto y = mx+c, and then
= y=—mx+ 712 v = iy evaluating c: y = (—7)x +
y=Y1=m(X=X) 0= oY+ c M1
=  2mx+2y= * Al | NBAG = () (d2) +c
=c=72
When x =0,y = 7/2, 50 Q is (0, 7/2) M1A1 | can isw inexact answers from 7/2 =y =—m+ 22= 2 + 2y = 7 *Al
[7]
8 (iii) Area = triangle OPQ — area under curve M1 soi (or area under PQ — area under curve area under line may be expressed in
integral form
Triangle OPQ = % x 212 x 7#/2 [= 18] Blcao | allowart 3.9 or using integral:
7l2 3 3 3
JHT/Z l7r2 —ﬂX)dX=|:17T2X—17TX2jl :n__n_[: 7r_]
o |2 2 277 |, 4 8" 8
Parts: u = x , dv/dx = sin 2x M1 condone v = Kk c0S2x sOi v can be inferred from their ‘uv’
du/dx = 1, v = —%2 c0s2x
2 1 "o 1 Alft | fttheir v =—% cos2x, ignore limits
j xsin 2xdx=[——xc052x} —j —=c0s2xd X
0 2 0 o2
:[—lxcoszx+lsin2x}n/2 Al | [-%xcos 2x + ¥sin 2x] o.e., must be
2 4 0 correct at this stage, ignore limits
= —%n’COSn’+%Sinn—(—OCOSO+%Sin 0) =%7r[ -0] Alcao | (so dep previous Al)
So shaded area = /8 — 714 = #( — 2)/8* ,[6% NB AG must be from fully correct work
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9 (1) (A) (0, 6) and (1, 4) B1B1 Condone P and Q incorrectly labelled (or
(B) (-1, 5) and (0, 4) BiB1 unlabelled)
[4]
9 | (ii) . (x+1).2x— (X2 +3).1 M1 Quotient or product rule consistent with PR: (X*+3)(-1)(x+1) % + 2x(x+1) *
fi()= (x+1)? their derivatives, condone missing brackets | If formula stated correctly, allow one
substitution error.
N 2 _ Al correct expression condone missing brackets if subsequent
f (X)Z_ 0= 2X_(X 1) - +3)=0 M1 their derivative = 0 working implies they are intended
=X +2Xx-3= 0_ Aldep obtaining correct quadratic equation (soi) Some candidates get x* + 2x + 3, then
= (X=-1)x+3)=0 dep 1% M1 but withhold if denominator also | realise this should be x* + 2x — 3, and
=x=1lorx=-3 set to zero correct back, but not for every
occurrence. Treat this sympathetically.
When x =-3,y=12/(-2) =6
so other TP is (—3, —6) B1Blcao | must be_ from correct work (but see note re | Must be supported, but —3 could be
quadratic) verified by substitution into correct
[6] derivative
9 | (iii) fx— 1) = (x-1)°+3
X—1+1 M1 substituting x — 1 for both x’s in f allow 1 slip for M1
_ X —2x+1+3 AL
x-1+1
_X-2x+d L 4, Al |NBAG
X X [3]
9 | (iv) b 1
J‘b(x—2+£)dx:Ex2—2x+4|nx} Bl [§x2—2x+4lnx}
a X a - . .
. . M1 F(b) - F(a) condone missing brackets F must show evidence of integration of
= (E b?—2b+4Inb) - (E a’-2a+4Ina) Al oe (mark final answer) at least one term
Areais [f(x)d
[, feodx or f(X) = X + 1 — 2 + 4/(x+1)
Sotakinga=1landb=2 M1 o 1, 1
area=(2—-4+4In2) - (% -2 +4In1) o A—jgf(x)dx:hx —x+4|n(1+x)} M1
—41n2—1% Al cao must be simplified withIn1=0 0
[5] =%—-1+4In2=4In2-% Al
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Question Answer Marks Guidance
11 () y =esin2x M1 | Product rule u x their v/+ v x their u”’
= dy/dx =e™.2c0s2x + (—e¥)sin 2x Bl | d/dx(sin2x) = 2 cos2x
Al | Any correct expression but mark final answer
[3]
11 () dy/dx = 0 when 2cos2x — sin2x =0 M1 ft .th?'r dy/d§ but must derivative must have 2 terms
eliminate e
= 2=tan2x M1 | sin2x/cos 2x =tan 2x used | substituting ¥ arctan 2 into their deriv MO
—  2x=arctan 2 [ortan™*] (unless cos 2x = 1/7/5 and sin 2x = 2/~/5 found)
= x=Yarctan2* Al | NBAG must show previous step
[3]
2| (i) dy _ dy Rearranging for y and differentiating
XA =1 ML 4o explicitly is MO
Al correct equation Ignore superfluous dy/dx = ... unless used
subsequently
dy 4-2x .
o Al | o.e., but mark final answer
X 4y
[3]
2\ (i) 3—1 =0 =>x=2 Bldep | dep correct derivative
o 442P=8oy2=2y= 2 of -2 B1B1 \/2’ 2 can isw, penalise inexact answers of £1.41 or
better once only
[3] —1 for extra solutions found from usingy =0
3 1<x<3= -l<x-2<1 oe
= |x-2/<1 B1B1 |[ora=2andb=1]
[2]
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41 (i) 0=a—he™
Whent=0,0=15=15=a-b M1 [15=a-b must have e® = 1
Whent=00, § =100 = 100=a Bl a=100
= b=85 Alcao | b=85
Whent=1, =30 = 30 =100 — 85¢ ¢ M1 |30=a-be™ (need not substitute for a and b)
= e%=70/85
= &k =1In(70/85) = -0.194(156...) M1 | Re-arranging and taking Ins | allow —k = In[(a — 30)/b] fton a, b
—  k=0.194 Al 2é19 or better, or =In (70/85) | 1y final ans
[6]
4 | (ii) 80 = 100 — 85 ¢ %1% M1 | ft their values for a, band k | but must substitute values
= e =20/85
= t=-1In(4/17)/0.194 = 7.45 (min) Al | art7.50r 7 min 30s or better
[2]
5| (i) dF/dv = —25 v M1 | d/idv(v?) = —v?soi
Al | -25v20.e mark final ans
[2]
5 | (ii) When v = 50, dF/dv = —25/50 (= —0.01) Bl | -25/50°
dF dF dv dF dF ,dv
FTiRrT M1 |o.e. e.g. oo @
=-0.01 x 1.5=-0.015 Alcao | o.e.e.g. —3/200 isw
[3]
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Letu=1+x =
L2 % . i .
6 Ioax(“ x)’”zdx:f(u _Du ey M1 j (u-Yu™(du) condone no du, missing bracket, ignore limits
— J.l4 (u1/2 _ u—1/2)d u Al J' (u1/2 _ u—l/Z)(du)
2 3/2 1/2 ) 2 3/2 1/2 U3/2 ul/2 -1 1mi
=|=y¥ - —u¥ =2 0.e. e.g. ———|; ignore limits
[3“ 2 l Al [3” - 913271729
st
=(16/3-4)-(2/13-2) M1ldep ypper—lpwer dep 17 M1 and with correct limits e.g. 1, 4 for u or 0, 3 for x
integration
) or using w = (1+x)¥2 =
=25 : 2 _
3 Alcao | or 2.6 but must be exact j(w 1)2W(dW)|\/|1
w
2
OR Letu=x, V' = (1 +x) M1 =[2(w’ -1)(dw) ALl= [gws _2w} Al
= uw=1v=21+x)" Al upper—lower with correct limits (w = 1,2) M1
: - - -
Ioa XL+ %) “2dx = [2x(1+ X)m]z _Iosz(“ X)“2dx Al ignore limits, condone no dx | 8/3 Al cao
4 ’ . .
= {2x(1+ x)¥2 —§(1+ x)3’2} Al | ignore limits *|f f(u —1)u™2dudone by parts:
0
=(2x3x2—4x8/3)—(0-4/3) 2uM2(u-1) - J2u” du A1
2 . [2ut?(u-1) - 4u¥43] Al
=2Z
3 Alcao | or 26 but must be exact substituting correct limits M1 8/3 Alcao
[5]
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7 3° + 2 = 245 [which is not prime] M1 ';(t;m?é to find counter- If AO, allow M1 for 3" + 2 correctly
A1 | orrect counter-example evaluated for 3 values of n
identified
[2]
i n —
TH) | 30- 1) 31=332=9,3%=27,3" =81, ... M1 tEng'“ate diforn=0to40rL| 0w just final digit written
so units digits cycle through 1, 3,9, 7, 1, 3,
Al
so cannot be a ‘5.
OR
3" is not divisible by 5 Bl
all numbers ending in ‘5’ are divisible by 5. Bl
so its last digit cannot be a ‘5’ must state conclusion for B2
[2]
810 translation in the x—direction M1 | allow ‘shift’, ‘“move’ :)ntJ;St vectors given withhold one *A” mark
‘Translate [””j’ is 4 marks; if this is
: 1
i Al t . .
of /4 to the right 0¢ (eg using vector) followed by an additional incorrect
transformation, SC M1M1A1AO0
/4 -
translation in y-direction M1 | allow ‘shift’, ‘move’ (f ] only is M2A1A0
of 1 unit up. Al | oe (eg using vector)
[4]
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8 (ii 2sin i
(i) g(x) L (Can deal with num and denom separately)
sin x +cos x
, Sin X +€0s X)2¢0s X — 2sin x(cos X —sin x i —uv' . e
g (X)=( ) . 2( ) M1 | Quotient (or product) rule VU=V allow one slip, missing brackets
(sin X +cos x) consistent with their derivs v?
25iN XCOS X + 2C0S” X — 28in XC0s X + 2sin® X Correct expanded expression —vu' . .
= . 2 Al | (could leave the 2’ as a e zvu is MO. Condone cos X7, sin x°
(sin x + cos x) factor) Vv
_2cos? x+2sin’x _ 2(cos’ X +sin’ x)
(sin x + cos x)? (sinx + cos x)*
2
S _* Al | NBAG rr_luzst take ozut_2 as a factor or state
(sin x + cos x) sin“x + cos’x =1
When x = /4, g '(n/4) = 21(LN2 +11N2)? M1 Zlétr’is\f't“t'”g /4 into correct
=1 Al
f/(x) = sec’X M1 |o.e., e.g. 1/cos’X
f(0) =sec’(0) = 1, [so gradient the same Al
here]
[7]
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8 | (iii) /4 =14 SiN X
f(x)dx = —dx
J‘O ( ) IO COS X
let u = cos x, du = —sin x dx
when x =0, u =1, when x = 774, u = 1/\2
NI I ignore limits here, condone no du but not dx
= —=du M1 -
L 0 substituting to get |-1/u (du) allow [1/u —du
_ fl Lgu* Al | NBAG b_ut for Al must de_al co_rrgctly with the —ve
W2y sign by interchanging limits
=[Inu,; M1 | [inu]
=In1-1In (142)
=InV2=1In2"=%In2 Al |InV2,%In2 or -In(1/\2) mark final answer
[4]
81 (iv) Area = area in part (iii) translated up 1 unit. M1 | soi from n/4 added or
jﬂ/2(1+tan(x—7r/4))dx =[x+ Insec(x—n/4)]”;i
So=%In2+1x m4="Y%In2+nl4 Alcao | oe (as above) /4 "
—x/2+InV2-7/4=n/4+Iny2 B2
[2]
9| (i) AtP(a,a)g(a)=aso¥%(E®-1)=a
= e*=1+2a* Bl | NBAG
[1]
9| (i) A= a%(ex -1)dx M1 | correct integral and limits limits can be implied from subsequent work
0
1 a . .
ZE[ t-x]: B1 | integral of *—1ise*—x
=% (*—a-e% Al
=% (l+2a-a-1)=%a* Al | NBAG
area of triangle = % a B1
i — 2 Blcao .
area between curve and line=%a"-%a [6] mark final answer

10
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9 | (iii) y =Y(e* - 1) swap x and y
Xx=% (e —1)
= 2x=e-1 M1 Q;tgmpt to invert - one valid merely swapping x and y is not ‘one step’
= 2x+1=¢ Al
a y=In(2x + 1) or apply a similar scheme if they start with g(x)
= In@x+1)=y* Al g(x) =In(2x + 1) AG and invert to get f(x).
= gx)=In(2x+1) or g f(x) = g((¢* - 1)/2) M1
jk:e;ch: recognisable attempt to reflect in M1 | through O and (a, a) —In(1 +&* — 1) = In(e") AL = x Al
no obvious inflexion or TP,
Good shape AL ex}ends to th!rd quadran_t, similar sche_me for fg
without gradient becoming See appendix for examples
too negative
[5]
9| (iv) f'(x) =% e* Bl
s 1/(2x + 1) (or 1/u with
g'() =2/(2x+1) M1 u=2x+1) ...
Al ... X 2toget2/(2x + 1)
g /(a) — 2/(2a + 1) ’ f’(a) =15 @@ B1 E(I)tlher g (a) or f (a) correct
sog'(a)=2/e* or f'(a) =% (2a+1) M1 | substitutinge®=1+2a .
= U(%e% = (2a + 1)/2 Al | establishing f'(a) = 1/ g ‘() | Coer Way round
[= 1/ (a)] [=1/9'(a)]
tangents are reflections iny = x B1 | must mention tangents
[7]

11
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APPENDIX 1

Exemplar marking of 9(iii)

¥ pERD oy
[r1]
7 P(a,a)
M1Al M1AQ — infl M1AO0 —infl, no 3 quadrant

M1AO

l

bod M1A1 (condone TP) bod M1AL, (see 3 quad) M1A1

M1Al

M1AO (see 3" q)

12

Mark Scheme

bod M1A1 (slight infl)

M1AO (TP, 3" quad)

M1AO0 (3" g bends back)
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1 () a=%% Bl or 0.5
b=1 B1
[2]
1| (ii) ¥ x+1| = [x]
= Y%(x+1)=x, M1 o.e. ft their a (#0) , b (but allow recovery to correct values)
or verified by substx =1,y =1 intoy =%|x + 1| andy = |x|
=>x=1y=1 Al unsupported answers MOAOQ
or ¥ (x+1)=-x, M1 | o.e, fttheira.b; or verified by subst (=1/3, 1/3)intoy =% |x+ 1| andy = | x|
=x=-1/3,y=1/3 Al or 0.33, —0.33 or better unsupported answers MOAOQ
Or
Vi (x + 1)2 = % M1 | fttheiraandb
=3x-2x-1=0 M1ft | obtaining a quadratic = 0,ft their previous line, but must have an x? term
=x=-1/3o0r1l Al SC3 for (1, 1) (—1/3, 1/3) and one or more additional points
y=1/3or1l Al
[4]
21 (1) n®—n=n(n’- 1) Bl two correct factors
=n(n-1)(n+1) B1
[2]
2 | (ii) n -1, nand n + 1 are consecutive integers Bl
so at least one is even, and one is div by 3 Bl
[= n®-nisdiv by 6] [2]
31 (3) Rangeis-1<y<3 M1 |-1,3
Al -1<y<3or-1<f(x) <3or[-1,3] (not-1t03,-1<x<3,-1<y<3etc)
[2]

PMT



PMT

4753/01 Mark Scheme June 2013
Question Answer Marks Guidance
3| (i) y=1-2sinx X<y [can interchange x and y at any stage]

X=1-2siny=x-1=-2siny M1 attempt to re-arrange

= siny=(1-x)/2 Al o.e.e.g.siny=(x-1)/(-2) (orsinx=(y-1)/(-2))

= y=arcsin [(1 -x)/2] Al or f1(x) = arcsin [(1 — x)/2] , not x or f *(y) = arcsin[1 — y)/2] (viz must have

swapped x and y for final ‘A’ mark).
[3] arcsin [(x — 1)/ -2] is A0

3| (iii) f'(x) = — 2cos x M1 | condone 2cos x
= f'0)=-2 Al cao
—  gradientofy=f*(x)at (1,0)=-% Al |notl/-2
[3]
4 V = th? = dV/dh = 2zh= M1A1 | if derivative 2rh seen without dV/dh = ... allow M1A0
dv/dt = dv/dh x dh/dt M1 soi ; 0.e. —any correct statement of the chain rule using V, h and t — condone use of a
letter other than t for time here
dv/dt =10 Bl soi; if a letter other than t used (and not defined) BO
dh/dt = 10/(2nx 5) = 1/n Al or 0.32 or better, mark final answer
[5]
5 2x-1) 1
Y='”( 2X+1J=5('”(2X—1)—'”(2X+1)) M1 | useof Ina/b)=Ina-Inb
M1 |useoflnNc=%Inc
dy 1( 2 2 Al 0.e.; correct expression (if this line of working is missing, M1IM1A0AOQ)
&:E(Zx—l_ 2x+1j
1 1 Al NB AG
2x-1 2x+1

[4] for alternative methods, see additional solutions
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6 J osin2x o [1 In(3+ c052%) /2 M1 k In(3 + cos 2x)
. 3+0052x | 2 . A2 | —%In(3 + cos 2x)
or u =3+ cos 2%, du = — 2sin2x dx M1 0.e. e.g. du/dx = — 2sin2x or if v = cos2x, dv = — 2sin2xdx o.e. condone 2sin2x dx
2 Al
f _Sin2x_ :j —idu J—idu, or if v = cos2x, J— ! dv
o 3+C0S2X 42U 2u 2(3+V)
1 2 Al [-%Inu]  or[-%In(3 + v)] ignore incorrect limits
=|—=Inu
),
—%In2+%In4 Al from correct working o.e. e.g. — % In(3+cos(2.7/2)) + %2 In(3 + cos(2.0))
=% 1In (4/2) o.e. required step for final A1, must have evaluated to 4 and 2 at this stage
=%In2* Al NB AG
[5]
71 () C2(=x) M1 substituting —x for x in f(x)
f(—x) =
1-(—x)?
2X Al
=— =—Tf(x
T ()
[2]
7 | (ii) M1 Recognisable attempt at a half turn rotation about O
Al | Good curve starting from x = — 4, asymptote x = — 1 shown on graph.
. :' E (Need not state — 4 and — 1 explicitly as long as graph is reasonably to scale.)
—4 -1 L Condone if curve starts to the left of x = - 4.
5 E [2]
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8 | (i) (1,0) and (0, 1) B1Bl |[x=0,y=1;y=0,x=1
[2]
8 | (i) f'(x) = 2(1 — x)e* — * Bl | d/dx(e™) = 2¢*
M1 product rule consistent with their derivatives
= e(1 - 2%) Al | correct expression, so (1 — x)e? — e is BOM1A0
f'(x) =0 when x =% M1dep | setting their derivative to O dep 1% M1
Alcao | x=%
y=Y%e B1 | allow¥e!isw
[6]
.
8 | (i) A= _[0 (1-x)e*dx B1 | correct integral and limits; condone no dx (limits may be seen later)
u=(1-x),u=-1,v =e* v=1he* M1 | u,u’v’v,all correct; orifsplitupu=x,u’=1,v'=e* v="%e*
1 S . i 1 Yo
= A= {E(l_ x)ezx} —J‘O%ezx.(—l)dx Al | condone incorrect limits;  or, from above, [E xe“} —jo%e“dx
0 0
1 2x 1 2X ' ) . . ..
= E(l_x)e +Ze Al o.e. if integral split up; condone incorrect limits
0
=Yae’— Y- Y
=1 (e*-3) * Alcao | NB AG
[5]
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8| (iv) g(x) = 3f( 2 x) = 3(1 — % x)e* Bl o.e; mark final answer
y (1, 3e/2)
0.3 Bl through (2,0) and (0,3) — condone errors in writing coordinates (e.g. (0,2)).
Bldep | reasonable shape, dep previous B1
y=f(x)
\ 2.0
| Bl TP at (1, 3e/2) or (1, 4.1) (or better).
! (Must be evidence that x =1,y = 4.1 is indeed the TP — appearing in a table of
\ values is not enough on its own.)
[4]
8| (v) 6 x ¥ (6% — 3) [= 3(e* - 3)/2] B1 | o.e. mark final answer
[1]
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91 (i) a=% Bl allow x =%
[1]
9 | (ii) . X
Y T
- 3y2d_y: (2x-1)3x* = x*.2 Bl 3y2dy-/dx _ _ -
dx (2x-1)? M1 Quotient (or product) rule consistent with their derivatives; (v du + udv)/v* MO
Al correct RHS expression — condone missing bracket
6 -3x2-2x°  4x°-3x° Al
(2x—1)? (2x-1)*
dy 4% —3x2 N Al NB AG penalise omission of bracket in QR at this stage
dx  3y*(2x-1)°
dy/dx = 0 when 4x® - 3x* =0 M1
= x*(4x-3)=0,x=00r % Al | ifin addition 2x — 1 = 0 giving x = %, AQ
y3 = (3%)°1ve = 27132, M1 | mustuse x = % ; if (0, 0) given as an additional TP, then A0
y = 0.945 (3sf) Al can infer M1 from answer in range 0.94 to 0.95 inclusive
[9

10
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9 | (iii) u=2x-1=du=2dx
1 1
X E(u+1)1 ML E(u+1) - _
Jm dx = ulTEdu i if missing brackets, withhold Al
M1 x % du condone missing du here, but withhold Al
Al NB AG
=%JUT-'/-31dU :%J'(uzls +uydu*
u
M1 correct integral and limits — may be inferred from a change of limits andP their

area

J»4A5 X
| X
1 Y2x-1

whenx=1,u=1, whenx=45,u=8

:%.ff(uz’3 +u™)du

13,05, 3,
4|5 2

1|96 3 3
4{5 5 2}

= 5E =5.7750r 231
40 40

Al

Bl

Al

Al

[8]

attempt to integrate (their) ¥ (u?® + u™?)

u =1, 8 (or substituting back to x’s and using 1 and 4.5)

Eum %um} 0. e.g. [ U(5/3) + u?¥I(2/3)]
0.e. correct expression (may be inferred from a correct final answer)

cao, must be exact; mark final answer

11
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5 (1) 2% —1 1 2% —1 M1 In \/C =1 In ¢ used
y=In ==In
2x+1) 2 (2x+1
dy 1 1 (2x+1)2-(2x-1)2 A2 | fully correct expression for the derivative
dx_2(2x—1j (2x +1)>2
2x+1
_12x+1 4 2
22x-1(2x+1D?* (2x-1)(2x+1)
1 1 2x+1-(2x-1)
2x-1 2x+1 (2x-1)(2x+1)
3 2
2x-D(2x +1)
—(2x— Al
t 1 = 2x+1-(2x 1) = 2 simplified and shown to be equivalent to -
2x-1 2x+1 (2x-1D(2x+1) (2x-D(2x+1) 2x-1 2x+1
[4]
5 ) 2x-1
V='”( o op |7 InV2x-1-Iny2x+1 M1 | Inab) = Ina-Inb used
dy 1 1 _12 1 1 _12
dx  J2x-12 (ex-1™2 V2x+1 2(2X+1) 2 A2 | fully correct expression
1 1 Al . . 1
= ol Zxi1 simplified and shown to be equivalent to 1 il
[4]

12
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5 ®) [ 2x—1J
y=In
2x+1
-1/2
dy_ 1 1(2)(_1) (2X+1)2_(22X_1)2 or ML L theiry’ where u=\/2x_1 or Jax-1 (any attempt at u’ will do)
dx \/2x—1 2\ 2x+1 (2x+1) u 2x+1  2x+1
2x+1
1 \2X +1.%.2(2x —DM—2x —1%.2(2x +1)7? A2 o.e. any completely correct expression for the derivative
Jax-1 J2x+1°
N2x+1
:1(2x+1) 4 2 C2x+l (2x+)-(2x-1) 2
2\2x-1)(2x+1)*  (2x-1)(2x+1) T 2x—1 2x+D)Y (2x-)Y2  (2x+1)(2x-1)
11 (@x+D)-(2x-1) _ 2 Al — . 1
21 x4l (@x-D@x+D) | @x-D@x+1) 4] simplified and correctly shown to be equivalent to 1 2xi1
91 (i) | (1) X
y= 73
(2x-1)
dy  (2x-1)".1-x.(1/3)(2x-1)?3.2 M1 | quotient rule or product rule ony — allow one slip
= dx = (2x 17" Al correct expression for the derivative
_ 6x-3-2x _ 4x-3 M1 | factorising or multiplying top and bottom by (2x — 1)**
S 3(2x-1)*"*  3(2x-1*° Al
_ (4x —3)x* A -3x° Al | establishing equivalence with given answer NB AG
3y?(2x -1 (2x-1)*"*  3y?(2x-1)?

13
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9| i) | @ NE
y =
[(Zx—l)j s
3 \2/3 s 3 1 x
dy 1f X (2x-1).3x" —x.2 B1 3 2x-1) X
dx 3 (2x-1 (2x-1)°
M1A1 “.X(ZX—].).3X2—X3.2
(2x-1)*
_1 4¢3  4x-3 Al
3x*(2x-D*"*  3(2x-1)**
_ (4x —3)x* _ 4 -3 Al | establishing equivalence with given answer NB AG
3y?(2x -1 (2x-1)*"*  3y*(2x-1)?
91 @) | ) | y*@2x-)=x°
Bl d/dx(y®)= 3y?(dy/d
3y2ﬂ(2x—1)+ y?.2=3x X(y")= 3y (dy/dx)
dx
M1 | product rule on y*(2x — 1) or 2xy®
Al correct equation
dy _ 3x* -2y
dx 3y*(2x-1)
3 M1 | subbing for 2y?
G SERA i
_ (2x-1)
3y?(2x-1)
C3Ax(2x-1-2x° 6x°-3x*-2x°  4x’-3x’ Al |NBAG
3y%(2x —1)? 3y?(2x-1)°  3y*(2x-1)°

14
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