1.

METHOD 1

NE]
area = L arctan xdx
attempting to int egrate by paﬂs

I ‘[ &

= [xarctan x]

1+ x7
_‘E
= [xarctan 1] [ n{l+x* }:|

o

MNote: Award Al even if limits are absent.
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METHOD 2
area = mﬁ—lftanj'd}'
=28 nfcosyf
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2ve’ —xle’ [ 2x—x?)
(@) Jfx)= ==
e L
For a maximum f{x) =10
A —xt=
givingx =0 or2

i

ey — (2—2x)e* —e" (2x- )
76 =
F(0)=2> 0 = minimum

2 .
S2)= - = < 0 = maximum
o
. 4
Masimmm value = —
o

(b}  For a point of inflexion,

2 4
fy=82
=
giving x = 1Z+16-8
2

(c) [: vle T dy = [— xle™ L + 2[: xe™"

3.
Recognition of integration by parts

[ ¥ i xdy = [IT In .1':| - [ 1? ® l_d‘f
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(@ @ 18(x—1)=0=>x=1

(ii) wvertical asymptote: x =10
horizontal asymptote: y =0

(i) 182 —¥)=0 = x=2

J(@)= M=—g < 0 hence it is a maximum point
2_"

Whenx=2, fx)= g
Fx)Yhas a maximum at| 2, 3] |
\ \ A

(iv) fx)is concave up when /(x) = 0
6(x—-3)>0=x>3

(b)

Note: Award Al for shape, Al for maximum, Al for
x-intercept, Al for horizontal asvmptote and Al for
vertical asymptote.
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5.

Attempting to differentiate implicitly (M1)
Ity + 297 =2 = 6+ 3x? E—EJ': + 4.‘le'E = Al
dx dy
Substituting x=1 and y=-2 (M1)
dy dy
12+32.3-8% 9 Al
dx dx
25*—5E=4-=:>E=—i Al
dx dx 5
Gradient of normal is ; Al N3
[6]

6.

d ) _ 1 .

—(arctan (x—1)})= ———  (or equvalent) Al

dx 1+(x—-1)

my=—2 and so mr= % R1)
Attempting to solve [; = % (or equivalent) for x M1

l+|x=1) £
y=2(asx>0) Al
Substituting x = 2 and J-=E to find ¢ M1
4
c=4 ] Al NI

A

[6]



(a)

(b)

(c)

(d)

FE=1+me Al
F=0 Mi
:>[1—2‘()e}"=[]:>.r=—% Al
=25+ 2 %220 He™ = (4x + 4)e™ Al
4 A 2
e !_1 12 Al
LY 2,.1 [
2 1 ..
_>D:>at.r=—?,f(r)hasaﬂmummn. Rl
e 2
Fa \|
p[_L_ 1} Al
\ 2 28)
F)=0=4x+4=0=>x=-1 MI1Al
Tk nd P I-’ ].\'| 2 4
Using the 2™ denvative /| -5 == and /(-2) = - —. MI1A1
L S e
the sign change indicates a point of inflexion. R1
) f{x)is concaveup for x> — 1. Al
(i) f(x)is concave down for x < —1. Al
At
P ——
(00)
AlATALAL

Note: Award Al for P and Q, with Q above P,
Al for asymptote vy =10,
A1 for (0. 0).
Al for shape.



(e}  Show true for n=1 (M1}
F(x) = e+ 2xe™ Al

=™ (1 +2x)=(2x + 2% e™

Assume true for n=kiefPx=(F x+ kx2 " H e k21 MI1A1

Consider n= &+ 1. ie an attempt to find dill_f;’ (x)) M1
-

FE D=0 e+ 2e™ 2F x+ kx 25 7h Al

=2+ 2(Fx+kx2F ) P
=2 x2Fx+ P+ kx2x 2 He”
=(2F lx+ s k2R e Al
=2 lxs(k+ 12N e Al
P(n)is true for k= P(#)is true for £+ 1, and since true
for n= 1, result proved by mathematical induction ¥ rne F Rl

Note: Only award R1 if a reasonable attempt is made to
prove the (k + 1)¥ step.
[27]



8.
(@)

(b)

(c)

AQ= [T <4 (km)

QY = (2 - x) (km}
T=3-5 AQ+5QY

5.5 Jlx? +4 )+ 5(2— x) (mins)

Attempting to use the chain rule on 5.5 ,II::L-: +4)

A (55 ) = 55w L aT T w2x
d- ) 2
X s

Iy 2
! Sf5x |

d ..
—5312-x)|==5
dr[}[ x))=—5

d_i"_ 5a{5x

dx II.'I.': =4
(i) AfSx=.x'+4 or equivalent

Squaring both sides and rearranging to
obtain 5x* =x" + 4

x=1

Note: Do not award the final Al for stating a negative solution

in final answer.
(i) T=3.5.1+4+5(2-1)
= 30 (mins)

Note: Allow FT on incorrect x value.
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(i) METHOD 1
Attempting to use the quotient rule

u=x v=ox = E—l and——'l['l —4|_
T dy X

5 1{, .t
- e -t s 2 %7
47 Jxt w4 5 [x? +4)7 x2x

dx? x?+4]

Attempt to simplify

= 545 [1 +4—x ] or equivalent
(2 —4|_
2045
|:.1':—4E
20./5
When x =1, J; > 0 and hence T= 30
[x? +4f2

1% a minimum
Note: Allow FT on incorrect x value, 0 £x < 2.

METHOD 2

Attempting to use the product rule

|

U=X.V=4/X" —4__E=1 and &:_rll_r*_:t[':
dx dx

42T 1
——:w'r_h +4f2- W{_E 1—4-|_ x2x
d_.

| wlll

Sﬁ 5.5 x|
T 1 T 3|
U [x"+4)2 [x"+4)7)

Attempt to simplify

_5@[1‘3 +4) =55 2 }«J{_h —4—1

[x? +4p | 2 4]
2045
(x2+4 E

2045

- >0 and hence T=301s a
[x? +4)1

When x =1,

MImum

Note: Allow FT on incorrect x value, 0 < x < 2.
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