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2
1 (a) Fig. 1 shows the graph of y = f(x) with domain —1 < x < 1.

YA
1
1 0 1 X
Fig. 1
Sketch the graphs of
@ y= _f(x)’
(i) y=2fx—1). [3]
(b) Using a suitable substitution, or otherwise, find fx(xz + 1)10 dx. [4]
(¢) Differentiate In (l + l), simplifying your answer. [4]
x
d d?
(d) Given that y = xe?, find Ey and a);
Hence verify that
d%y dy
— —4-—=+4y = 0. 5
e Y [5]

[Total 16]
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3

2 A factory makes widgets. From January 2006, the production manager plans to phase out the
production of old widgets and phase in production of new widgets. He models this process as
follows.

For old widgets, the monthly production will form a geometric sequence with common ratio 0.9.
The production in month 1 (January 2006) will be 5000.

(i) Find the production figures predicted by the model for months 2, 3 and 12. [4]
(i1) Find the total production of old widgets for the 24 months from the start of January 2006. [3]

(iii) Show that the total production of old widgets from the start of January 2006 will not exceed
50 000. [2]

For new widgets, the production in month 1 (January 2006) will be 500. Production will increase
by 10% per month, forming a geometric sequence.

(iv) Write down an expression for the production of new widgets in month n. Hence show that
monthly production of new widgets will first exceed that of old widgets in month k, where k
is the smallest integer for which

k-1
(19—1) >10.

Find this value of k. : [6]
[Total 15]
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3  Fig. 3 shows the graph of y = f(x), where
' 2
f(x)=ax—x3, x=0.

The curve crosses the x-axis at the point A ( %—, 0) and has a turning point at B.

yA
0] A ;
B
Fig.3
(i) Show thata = 2. [2]
(ii) Find as an exact fraction the gradient of the curve at A. What happens to the gradient of the
curve near the origin? 4]
(iii) Find the exact coordinates of B. State the range of the function f(x). [5]
(iv) Calculate the area of the region enclosed by the curve and the x-axis. 4]
Total [15]
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A pan of water is heated. The temperature 7' °C of the water ¢ minutes after switching on the heat
is modelled by the equation
T =105 — 85e7".
(i) Using this model, calculate the initial temperature of the water, and the initial rate of
temperature increase. . [3]
(i) Find the time predicted by the model for the water to reach its boiling point of 100°C.  [3]
Once the water reaches 100 °C, the heat is switched off. The temperature 7 °C of the water is now
modelled by the equation
T=20+ae ¥,
where ¢ now denotes the time in minutes after the heat is switched off.
(iii) Write down the value of a. What does the constant 20 in the equation represent? 2]
(iv) Show that plotting values of In(7 — 20) against ¢ would result in a straight line. [2]
Fig. 4 shows the graph of In(7 — 20) against r.
In(T -20) ¢
5
4 &= &R = —
3 B - —
<>
[ N
0 1 2 3 4 S 6 7 !
Fig. 4
(v) Use the graph to estimate the value of k, and the time for the temperature of the water to drop
from 100 °C to 50°C. [4]
[Total 14]

2602/1 January 2005




Mark Scheme



P2 (2602)Jan 2005 Final mark scheme

1(a) (i) y
Bl
1 K/l X
y
2
(i) B1 Translation 1 unit to right
2 7 X B1 Stretch in y direction s.f. 2
[3]
(b) J'x(x2 +1)°dx letu=x"+1, du=2x dx M1 Substituting u'® =(x* + 1) in integral
1o condone no du
= J‘Eulodu Al IEU du [ 1
2
:iu“+c iull oe—allow 1 1 norl 1(2 )
212 Al 22 2t vt
= (< +D)"+c cao —must have + cand _1 . Allow % c.
__________ 2 S SRS 7
or
=1 2 qu_ . byinspection M1 k(X + 1)
22(X +1)" +c AL K= 1 i:i
2 11 22
Al 2712()(24_1)11
Al +cor¥c
[4]
(c) y:|n(1+£) letu=,,1 ,du__1 d_yzlo _1 seen
X x dx X B1 du u 4.t
y=lhu=d _1 X
du u B1 i(l) __ 1 seen
= d_y_l(_i)_ 1 (_i) dx " x x?
dx ut X 10X M1 dy du
X du dx
= _ 1
X%+ X Alcao denominator simplified; mark final answer;
=__1 accept __ 1 as final answer [not __X" ]
X(X+1) X + X 1+x7*
1 x+1 M1
or _ _
y=In(l+=) =In(—=) =In(x+1)—Inx ) )
X X ALAL | _1 110 need to combine, but mark final
~dy 1 1 Alcao | x+1 x
dx  x+1 X [4] answer.
(d) y=xe” B1 2x %
= dy/dx = e + 2x * B1 +e”
= d?yldx? = 2 €% + 2 ¥ + 4x ¥ M1 Finding their d?/dx? and attempting to verify
=4 e® + 4y % Blcao
d? d — Aa2X 2 pa2% 2x 2X _
= d—Xg/—4d—i+4y =4e™ + dxe™ — 4e” — 8xe™ + 4xe™ = 0. El www (NB fortuitous result with
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| [5]

| dy/dx = 2xe® and d’y/dx® = 4x e — SC2)
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2 (i) 4500, 4050 B1,B1 | SC B1 for 4050, 3645
5000 x 0.9" = 1569 M1A1 | or 1570 — must be rounded, but penalise once
only.
Allow M1A0 for 5000 x 0.9%2 (= 1412.14...)
[4]
(ii) 5000(1-0.9%) o 5000(0.9% 1) M1 sum formula — correct expression
(1-0.9) (0.9-1)
= 46 011.67 Al correctly evaluated
- 46 012' Al correctly rounded - accept 46 000 or 46 010 or
46 011 - penalise lack of rounding once only
(see 2(i))
[3]
Sum to infinity used, [or S, = 5000(1-0.9")
(i) S.=_2_ M1 (1-0.9)
1-r together with 0.9" — 0]
= % =50 000 Al | 50000 [or — 50 000]
[So total broduction can’t exceed 50 000]
or S, =500001-0.9") <50000 | B2 |
[2]
(iv) 500 x 1.1"* B1
— 500 x 1.1 > 5000 x 0.9 M1 forming inequality — allow equality
_, 11" 5000 [condone n instead of k, or k instead of k — 1]
0.9%* g 500
11 k-1
= (_) >10]
0.9
k-1
- 11 10 * . . . . . .
9 > El if working from equality, final inequality must
3) be adequately explained
= (k-1)In(11/9) >In10 | M1  |takinglnsorlogs
— k>1+ _InN10 _—1047.. Al Re-arranging to find k or k — 1
In(11/9) AL
= k=13 cao
@)
“or by trial and improvement: | |
11 11
(3) =9.09<10 B1 Orn =12 = old 1569, new 1426
(Ej“ 1111510 Bl | Orn=13, old = 1412, new 1569
= k=13 Bldep | dep both Bis
SCBL1: k = 13 unsupported
@)
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3(i) f(x) =0 when x=1/8
213 M1 f(1/8) =0
- fy)
El NB Answer given!
—az8xYz=2 * e
_A/8)"" _, not enough: must show
(1/8)
2/3 -1/3 1
(1/8)*® =1/4 or (1/8) " or (oe)
_______________________________________________________________________________________________________ we’
or by verification: f(1/8) = 2x(1/8) — (1/8)** M1 f(1/8)
=Y-Y%=0 El = 0, but must show some working as above
[2]
(ii) f(x) = 2x — x** M1 Differentiating
= f(x) =2 — (2/13)x° Al
When x = 1/8, f'(1/8) = 2 — (2/3)x(1/8)**
=2-2/3x2 .
=213 Al or 0.6 but must be exact — not 0.67 etc.
As x — 0, gradient tends to (negative) infinity. | Aldep | allow ‘undefined’ or “vertical’, but not ‘very
steep’ or ‘asymptotic’, dep negative power
of x in their derivative.
After 0 scored, SCBL1 for correct derivative
[4] in (iii)
' = 2 -3 _
(i) () =0 when 2_§X =0 M1 Equating derivative to zero
= 2 :gxfl/B
. x =3 Alft | or better, e.g. x* = 1/3
allow ft on their —1/3 unless eased
= x=1/27 Alcao | or; 0.037 must be exact, but allow recovery
y =2 % 1127 - (1/27)2" from Iogs .|f answer correct
2 1_ 1 Alcao | ©F —0.037
27 9 27
; 1 1 ; 1
= rangeisy> __— or f(x) > __—_, ft their __—_,
27 B1ft 27 27
Not x > _i, accept > _1
27 27
[5]
(iv) A=) [*( 2 q M1 Correct integral and limits (soi) — a||OWJ'1O
L (2x—x3)dx !
=(-) |:X2 _§X5/3:|U8 Bl X2 _§X5/3
5 5
=() (L 8.1, M1 substituting limits (upper — lower)
64 5 32
=) L1 or(-)0.003125 Al accept +0.0031 or better.
320
[4]
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4() 105-85=20°C B1

dT —gget M1 85¢e™
dt
=85whent=0 Al M1 can be implied by 85¢° seen.
[3] 85 unsupported MO
(i) 105-85e™ =100 M1 Equating
= 85e'=5
= et=5/85=1/17 M1 taking Ins or logs correctly on correct eqn
= e'=17
— t=1In17 = 2.83 mins Alcao 2.8 or better
[3] B3 trial and improvement = 2.83 or better
(i) a=80 Bl
20 represents room or background B1 or initial temperature from first part, or
temperature [2] starting, original, minimum temperature

(iv) T-20=ae™

= In(T-20)=Ina—kt M1 taking Ins correctly — ft their a
cf y =Cc + mx
so straight line with gradient —k Alft Comparison with straight line equation, but
and intercept In a. if explicit must be correct.
ft their value of a, allow kt In e
[2]
iopnt = 3—4 —
(v)  gradient = 0.2. ML
=k=02 Al k=-0.2 M1A0
or using a point to find k:
In(T —20) = In 80 — kt
e.g.using (2,4):4=44—-kx?2 M1 substituting cords of a point into equation —
ft their a
=k=0.2 Al allow art 0.20 for k from correct working
When T =50, In(T — 20) = In 30 = 3.40 M1 3.40 soi
reading from graph, t=5 Al
or using equation or In equation:
T=20+80e°* =50
= 80e =130 M1 Solving by taking Ins
= e %% =0.375 orin30=1In80-0.2t
= —0.2t =In(0.375) [3.40=4.4-0.2t]
- t = In(0.375) =49 Al ort=5allow art 4.9 or 5.0
-0.2
[4]
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