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1 t= tan%x =dt= %secz%x dx = %(1+t2)dx B1 For correct result AEF (may be implied)
I 1 d J« 1 2 it M1 For substituting throughout for x
——  dx= .
1+sin X + cos X _t2 2 T
i2+1—t2 1+t Al For correct unsimplified t integral
1+t° 1+t
= Ii dt = |n|1+t| (+¢) M1 For integrating (even incorrectly) to
1+t aln|f(t)|. Allow| | or ()
—In k‘1+ tanlx‘ (+¢) Al 5 Forcorrect x expression
2 k may be numerical, ¢ is not required
2 ( -1 ' l ” 2X . ' 1 .
i) f(x)=tanh " x, f'(x) = 5 f"(x) = M1 For quoting f'(x) = 5 and attempting to
1-x (1—x%) 1+x
differentiate f'(x)
Al For f"(x) correct www
fW(X) —
2(1—x2)2 —2x.2(1—x2).—2x OR 2X.4X 2 M1  For using quotient OR product rule on f"(x)
a-x?)* 1-x%)° @-x?)? Al For correct unsimplified f"(x)
2(1-x2)? +8x°(1- x%) 8x>  2(1-x?)
- 2,4 OR 2,3 2,3
1-x9) @-x)" (@-x9)
2
_20+3x%) Al 5  Forsimplified f"(x) www AG
L-x°)°
. , ) For all values correct (may be implied)
(i) £(0)=0,'(0)=1, "(0)=0 BV £4 from ()
M1 For evaluating f"”(0) and using Maclaurin
m _ -1 _ l 3
f"(0)=2= tanh " x = X+3X expansion
Al 3  For correct series
3(i)(@ Asymptote y=0 B1 1 For correct equation (allow x-axis)
(b) METHOD 1
5ax 2 2 M1 For expressing as a quadratic in x
y= = yx“-bax+a‘y=0 . 2 <
x2 +a? M1 For using b* —4ac$0
Al 2 2.,2 : :
b2 > dac = 2532 >4a2y2 - _%< y<% For 25a“ —4a“y“ seen or implied
Al 4  For correct range
METHOD 2
—5a(x? —a? . i :
_ Sax :>d_y _ ( ) M1* For differentiating y by quotient OR product
x2+a%  dx (Xz +a2)2 rule
dy 5 Al For correct values of x
o Exsra =y =1y M1 For finding y values and
5 5 giving argument for range
Asymptote, sketch efc = -7 <y <3 Al For correct range
e Cep) ]
(i@ y=0 B1 1 For correct equation (allow x-axis)
(b) . 5 5 B1V For correct maximum f.t. from (i)(b)
Maximum \/7 minimum \/; B1V 2  For correct minimum f.t. from (i)(b)
e s sm sses smss sm sz =mas smoss wsows mso=s mmoas =so=s mmomm =sows mmoam wmows =moms wmw rmemra - AIIOW deCimaIS
() x=0 Bl 1 For correct set of values (allow in words)
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. 4 . 1( % —X . .
inhd v = 8 [aX _aX sinhx==(e" —e seen or implied
4 (i)  8sinh X:E(e —e ) B1 2( ) p
= %(e“ 462X 1 G_4e72X 4 e—4><) M1 For attempt to expand(.. .)4
by binomial theorem OR otherwise
_ ;(ezlx +e—4x)_g(e2x +e‘2x)+§ M1 For grouping terms for cosh 4x or cosh 2x
=2 2 2
OR using e** or e?* expressions from RHS
= cosh4x—4cosh2x+3 Al 4  For correct expression AG
SR may be done wholly from RHS to LHS M1 M1 Evidence of factorising required for 2nd M1
e e e e e ) Bl AL ]
(i) METHOD 1 cosh4x—3cosh2x+1=0
= (8sinh? x+4cosh 2x—3) —3cosh2x+1=0 M1 For using (i) and cosh 2x = +1+ 2sinh? x
= 8sinh® x +2sinh? x-1=0 Al For correct equation
- (4sinh2 x—l)(25inh2 x+1)=0:> sinhx=+1 Ml For solving their quartic for sinh x
LN For correct sinh x (ignore other roots)
_ 1.1 _ 1.1 For correct answers (and no more
= X—In(i5+5\/§)—iln(a+5\/§) ALV 5 ( )

f.t. from their value(s) forsinh x
SR Similar scheme for 8cosh? x—14cosh? x +5=0= coshx:%\/g = x:iln(%+%\/§)

METHOD 2 cosh4x—3cosh2x+1=0

= (2cosh?2x—1)—3cosh2x+1=0 M1 For using cosh4x = +2cosh? 2x 1
= 2cosh? 2x—3cosh 2x = 0 Al For correct equation
= cosh2x=23 = lem(éil\/g) M1 For solving for cosh 2x

2 27\272 Al For correct cosh 2x (ignore others)

= i% In (%+% 5) ALY For correct answers (and no more)
f.t. from value(s) for cosh 2x
METHOD 3 Put all into exponentials M1 For changing to e
= e 32X 123X e =0 Al For correct equation
- (e4x +1)(e4x —3e2X +1) =0 M1 For solving for e
Al For correct X (ignore others)

— @2X = %(31 \/E) — x= %m (%i%ﬁ) ALV For correct answers (and no more)

f.t. from value(s) fore?*

[o]

_ Xn3 _5x, +3 2Xn3 _3 M1 For attempt at N-R form_ula
5 (i) Xn41 = Xp — > =— Al For correct N-R expression
3%," =5 3%," =5 Al 3 For correct answer (necessary details
needed) AG
e e e e et Allow omission of suffixes ]
(i) Fx= M1 For using quotient OR product rule
to find F'(x)
6x2 (3x% —5)-6x(2x3-3) 6x(x3-5x+3
( ) ( ) _ ( ) M1 For factorising numerator to show
2 2
(3¢ -5) (3¢? —5) k(x®-5x+3)
6a(a3 —5a+3) .
F(a)= —0since o3 -50+3=0 Al 3 Forcorrect explanation of AG
2
(3a2 —5)

(i)  x =2=185714, 1.83479, 1.83424, 183424 B1 First iterate correct to at least 4 d.p. OR 12

(a=)1.8342 Bl For 2 equal iterates to at least 4 d.p.

) i Bl 3  Forcorrect ato 4 d.p.
SR For starting value leading to another Allow answer rounding to 1.8342
root allow up to B1 B1 BO SR If not N-R, BO B0 BO
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6 @) y=x"=Iny=xInx = 13—y:1+lnx M1 For differentiating Iny OR xInx w.r.t. x
y
Al - -
dy _ XX (LX) =0 = Inx=-1= x = ol For (1+Inx) seen or implied
dx Al 3 For correct x-value from fully correct
L WOrKINg AG ]
() A>02x05%5 +0.2x0.7%7 +0.1x0.9%9 M1 For areas of 3 lower rectangles
= A>0.3881(858) > 0.388 Al 2  For lower bound rounding to AG
(i) A<02x0.7%7 +02x09%9 +0.1x1: M1 For areas of 3 upper rectangles 1

— A<0.4377(177) < 0.438 Al 2 For upper bound rounding to 0.438

(iv)
M1 Consider rectangle of height f(e ™)
Al Use at least 1 lower rectangle,
height f(e™)
Bl 3  Use at least 1 upper rectangle,
height f(0)
> X
SR If more than one rectangle is used for
either bound, they must be shown correctly
> X
7 (i) c0s 30 = cos(—36) OR cosd = cos(—6) for all & M1 For a correct procedure for symmetry related
to the equation OR to cos3¢
= equation is unchanged, so symmetrical about Al 2  For correct explanation relating to equation
=0 AG
(i) r=0= cos3@=-1 M1 For obtaining equation for tangents
— 0=+lr r Al Al for any 2 values _ _
e e AL 3 Al forall, no extras (ignore outside range) __|
(i) J'%l” %(1+c0539)2 (o) Bl For correct integral with limits soi
—37 (limits may be [0, %ﬂj| at any stage)
1
:%Ff 1+ 2c0s36 +cos2 30 do M1* For multiplying out, giving at least 2 terms
-7
L iz L M1 For integration to
= EJ._lﬁlJr 2¢0s30 +5(1+cos60) do Af+Bsin30+Csin6d AEF
3 . M1 For completing integration and substituting
—1l g 25 lg,ilg Ed * . COS
= 2[6’+33|n39+(29+125m 66')1%” (*dep)  their limits into terms in & >n @
_ % - Al 5 Forcorrect area Www
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8 (i) METHOD 1 ) ) )
sinh (cosh‘l 2)= M1 For appropriate use of sinh“ 8 = cosh“ -1
sinh B = \/coshz B-1= \/22 —1=+3 Al 2  For correct verification to AG
METTOD 2 . M1 For attempted use of In forms of sinh ™ x
sinh «/§:In(«/§+2), cosh 2:In(2+\/§) and cosh™t x
= sinh (cosh‘l 2)=+/3 Al For both In expressions seen
METHOD 3
cosh™12 = In(2+\/§) M1 For use of In form of cosh™ x and
definition of sinh x
In(2++3)  —In(2++/3 ificati
sinh(cosh_l 2) :%[e ”( +\/—) _e "( +\/—)j Al For correct verification to AG
SR Other similar methods may be used
=%(2+\@—(2—\/§))=\@ Note that In(2++/3) =~In(2-+3)
(i) | :J‘ cosh™ x dx M1+  For attempt to integrate cosh x.cosh™ ™ x
by parts
_ [sinh x.cosh™1 X]ﬁ —J.ﬁsinhz x.(n—1) cosh™2xdx Al Fpr_correct first stage of integration (ignore
0 Jo limits)
- n-1 B 2 n-2, 4 Ml a2 2
=sinh 3. cosh ,B—(n—l)j (cosh x—l)cosh x dx For using sinh® x = cosh® x -1
0 (*dep)
For (n-1)(I,, —1,_» ) correct
:zn—l\/g_(n_l)(ln_ln_z) Al ( )( n n 2)
Bl For 2”‘1\/5 correct at any stage
=nl, = 21 3+ (n-l,_, Al 6 Forcorrect result AG
(i) Iy :J' coshx dx =sinh g =+/3 B1 For correct value
|3:%(22\/§+2\/§):2\/§ M1 For using (ii)zwith n=30R n=5
_1
Al For |3—§(2 \/§+2|1)
OR Is =£(2*V3+413)
Is Z%(24«/§+8x/§)=2—54\/§ Al 4  For correct value
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