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X¥—6x+12=(x-3)+3 B1
6 6
1 1 1{)6—3}} 1 (x—?a}
—V———dx=|—=tan | — M1 tan Ist Al M1
2](\/5)2+(x—3)2 L@ V3L, V3 Al
_ 1 z_(_ zj -
303 U 6)) 243 Al
[4]
In(1+x)=x—-1x>+1x’ —1x*+1x"+... from the Formula Book
In(l —x)= —x—4x* =4x’ —Lx* - 15" — | B1
1+x
%m(]_ jz%{ln(H—x)—ln(l—x)} M1
= Ix 2{x+%x3 +1ix% + } =tanh 'x from the Formula Book Al
In(1 + x) valid for —1<x <1 and so In(1 —x) is valid for —1<x <1
so LHS valid for —1 < x <1, which matches the range for RHS Bl
[4]
2
(i) d_y = (x 4)1 (x 2+ D).2x Use of quotient rule; correct unsimplified M1 Al
N
2 2
= — (x t2x +24) =— (x+1) +23 or clear explanation this is <0 E1
(xz - 4) (x2 — 4)
3 1 _3 —1
ALT:y=A+A :>d—y: A2+ Az<0
x—=2 x+2 dx (x—2) (x+2)
3]
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(ii) Asymptotes y =0 Stated or clear from graph B1
x==x2 Stated or clear from graph B1
Crossing-points (0,—+) and (-1, 0) Noted or clearly shown on graph B1 B1
' A
i i 3 regions M1
E E All correct (incl. no TPs) Al
[6]
(i d; x d, attempted M1
=14i+35j-21k Al
(ALT: Use of 2 scalar prods. & attempt to get 2 components in terms of the 3™)
2]
() | Sh.Dist.=[(b—a).n| (b-a)=£(i+3j-7k) n=-=(2i+5j-3k) ft M1
B1 B1
= ﬁ@i +5j-3K)e(i+3j—7k) = ﬁ|2+15 + 21| ft scalar prod. B1
- Al
V38 cao
2 1 1 9 2
ALT: Solving | 4 |+A4| 2 |—| 1 |-y -3 |=k| 5 [tofind closest points on line,
3 4 10 1 -3
(3,6,7)from A=1 and (1, 1, 10) from z =0 giving k=1 and Sh.D. = 38
(5]
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(@ . 1 . .
z" ——= (cosn@+i.sinn@) —(cos[-nb]-i.sin[-no)) M1
z
De Moivre’s Thm. used for at least 2"
= cosnf+i.sinnd—(cosnd—i.sinn) =2isin nd
Given answer obtained from 2 correct uses of de Moivre’s Thm. and correct trig. Al
2]
(ii) 1Y
[z - —j =32isin’@ M1
z
10 5 1
=2 -5 +10z——+ 5 Use of binomial expansion M1
z z z
5 l 3 1 1 ..
=z —— |5z —— |+10| z——| Pairing up terms M1
z z z
=2isin 56 — 10i sin 36 + 20i sind Use of (i)’s result (x3) M1
= sin’0 = Lsin 56 — Ssin 360 + $sind Al
[5]
(@ r=1+rsind = x*+y> =1+y MIMI1
Squaring and cancelling: x* +y° = y> +2y+1 = y= %(xz —1) Al
13
(ii) Parabola  All correct: Crossing-points at (+ 1, 0) and (0, —3-) M1 Al
2]
(iii) 27 1 2
I+2 do =2 x J.% r* de Recognition that this is related to area M1
(1-sin@) he
1
=2 |+ (x2 - 1) dx Matching up with parabola-related M1
-1
region
3 1
=—|—=x| =-— Ignore —ve answer Al
3 o, 3
3]
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(@) x*+y° =(x+y)’ =3xp(x+y) or equivalent M1 Al
2]
() | (@) a+ B (=3) and af (= &) substd. into (i)’s result ft = o’ + B> =19 MI Al
2]
(b) 9 -27t+8=0 = 3t-1)3t-8)=0 = a,f=1,% M1 Al
Then o’ + B’ =19= (%)3 + (%)3 Explicit statement required Al
13
)] (@) x e G = 3x"' € G and pre-multiplying by this (or x in the < case) gives the B1
result B1
(NB Both directions must be dealt with)
2]
(b) Since each xg; is distinct, and there are » of them, the set xG is justa
permutation of the elements of G OR mention that it is just a row of the group table B1
and hence contains a permutation of the elements of G
1]
(ii) Multiply all elements together:  xg; xg» Xg5 ... X2, = €1 2283 --- &n E1
(Since G is abelian) = X(@oe... 2)=(@2g... &) E1
Since g1 g2, g3 ... g, is an element of G, it has an inverse;
Pre/post-multé. by this inverse then gives x" = e El
13
(iii) | (a) Elements may have an order which divides into (is a factor of) n B1
1
(b) Because the change of the order of multns. in
8818888 88 =& (818285 &) Bl
is only valid in an abelian group
1]
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L L
9 Reflection in y =x tan¢ 7 : (f le j Allow cos (%n)‘s , etc. B1
PN
. ) 1 0
Shear // y-axis, mapping (1, 0) to (1, 2): 5 1 B1
L L
Rotation through + 77 clockwise about O: ( *51 *]EJ B1
2
, _ 1 -2
Shear // x-axis, mapping (0, 1) to (-2, 1): 0 1 B1
0 1 M1
Multiplying them together in this order (from right-to-left) = L0 Al
Reflection iny=x M1 A1
8]
NB 1 Multiplying the matrices in the reverse order scores max. 4 x B1 + M0 ; then
I 0
B1 for correct (0 j and M1 for “Reflection” and A1 for “in x-axis”
NB 2 Incorrect final matrices automatically lose the last 2 marks
d _ d? .
10 (a) y=kxcosx = —y=—kxsmx+kcosx and dx—{=—kxcosx—2ksmx
M1
Attempt at 1st and 2nd derivatives using the Product Rule
Substituting both of these into the given DE M1
—k x cos x — 2k sinx + kx cos x =4 sin x
Comparing terms to evaluate : k=-2 M1 Al
Aux. Eqn. m*+1=0 solved = m=+i M1 A1
Comp. Fn.is yc=A4 cosx+ Bsinx ft Accept yc=Ae™ + Be ™ here B1
G.S. is y=Acosx+ Bsinx—2xcosx ftprovided yphas no arb. consts. & yc B1
has 2
Do not accept final answer involving complex numbers
8]
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2
10| 0O |x=1,y=2& ¥ =12 | _ 5 B1
dx dx2 x=1
Differentiating (12_y + 2d—y +xy=5x-19 M1
e Y & Y
Use of Product Rule and implicit differentiation (at least once) M1
Al Al
d’ d? dyY’ d 2
= J;+ y? );+2y(—yj +ix Ly -5 = =78
dx dx dx dx dx? |, _, Al
d )’
FT “78” from “~20" and also from — instead of (_y} (both=1)
dx dx [6]
(i) | Useof y=p()+@x-Dy'()++@-Dy"()+1@x-Dy”()+... M1
=2+(x—1)—10x— 1)+ 13(x -1’ +... ft Al
Substituting x = 1.1 into this series = y(1.1) ~2.013 ft M1 Al
[4]
i o | (p+ig) = (p2 —qz) +i.2pq B1
Comparing real and imaginary parts: p> —¢> =63 and 2pg =—16 M1
Solving simultaneously: p =+8, ¢ =+1 ie. £ (8 - i)2 =63-16i M1 Al
[4]
() | (@) Useof z° —(a+L+y)z° +(@f+ Pr+ya)z—(afy)=0 M1
A=4-4i, B=21-16i, C=84 Al Al
ie. flz)=2"—(4 -4+ (21 —16i)z—84=0 Al
[4]
(b) Differentiating to get f’(z) = 32" — 8(1 — i)z + (21 — 16i) OR B1
322 -2Az+B=0 ft
: 8—8it,/64(1-2i—-1)— —-16i : .
Solving z = ! \/ ( 2l6 D -12(21-16i) using the quadratic formula M1
2= Ha-4ixT6i-63) = (4—4i+iV63-16i) Al
Use of (i)’s result (on the right thing): z = %(4 —-4i+i(8— 1)) =3+3iorl-4i M1 Al
[5]
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B1 B1
2 @ |ym=@+he™,  yE)=(@x+4e”,
B1 B1
YT =Bx+12)e™,  yP@=(016x+32)e™
[4]
(i) Conjecture — =2"x+n2"" e One mark each: coefft. of x, constant B1B1
2]
(iii) | Diffferentiating their conjectured expression (must be linear x ¢™) M1
d}’H—ly
1o =2x(2"x+n2" e +2'xe™ FT max 1/2 Al Al
=" ' x+m+ 12" e Shown of correct form Al
Usual induction round-up/explanation of proof, including clear demonstration that E1l
(n+1)™ formula is in the right form.
[5]
A A M1
13 ) (a) 1 —sech?d = (e te ) . 4 = (e c )2 = tanh*6 shown legitimately Al
(eg +e‘9) (eg +e“9)
0, —o\.0, 0\ (.0 _-0).0 .-o M1
(b) i(tamh 6)= (e e )(e e ) (e € )(e © ) = sech’d from (a) Al
do (ea _i_efe)z
[4]
24 o
Gi) | (@) 7, [tanh™*g.tanh>0.d6 = [tanh®2 o1 - sech’0)de M1 M1
0 0
2n-1 o 2n-1
=1,_1— M :[H—l_ln:M MlAl
2n—-1 |, 2n—1
o a
ALT: I, , - 1I,= Itanhzn_2 9(1 —tanh? 49)d9 = J.tanhzn_2 6.sech’6 do M1 M1
0 0
2n-1 a 2n—1
_ [tanh™ 61" _ (tanha) M1 Al
2n—-1 |, 2n—1
[4]
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o
13| G |® k= [1d0 =a=$In3 B1
0
1
© (L —1,)+(, =1, )+, s —1,,)+ .+ (1, = 1)+ (I, - 1,)+ (1, - 1) M1
Use of the method of differences
n 2r—1 n (1 2r—1
= (tanher) = <2) when o= LIn3 Al
= 2r-1 ~ 2r-1
n (l)2r—l
= Ih-1,= Z 2 Cancellation of terms in the summation M1
~2r-1
s ()
= [ =1In3- AG Al
"o z; 2r -1
Ignoring “method of differences”, but opting for a direct iterative approach scores
max 3/4 ... M0 M1 Al Al
As n— o, [, > 0 since |tanh|<1 E1
n L 27 —1 l l L S l 7
= %1n3=z(2) =l+(2)3+(2) +(2) + M1
—~2r-1 1 3 5 7
1 1 1 ~ 1
= h3=l+—+—+-—F+.5 ) ——— Al
34 54° 74 =(2r+1)4"
Ignoring “method of differences”, but opting for a direct iterative approach scores 7]

max 3/4 ... M0 M1 Al Al

© Cambridge International Examinations 2013




