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1. The curve C has equation

3x -2
S )
SR

The point P on C has x coordinate 3

Find an equation of the normal to C at the point P in the form ax + by + ¢ = 0, where a, b
and c are integers.

(©6)

Whe . 9c:3/ Gy = 3(3) -2 = 2

([3_2)%

G-
Ay~ (Dﬂ-l) 3 — 2 (- 2)(3x -2)
Ax (c~2)%
Whey, >=3, A, - (3-2)"3-2(3-2)(3-2)

Ax T (3-2)°
= -

¢~y = owm (2-2)
J ¢ 7
w=-F#=_L (=-3)
J Le = 7
[lg— 72 = %x-3




C34 PhysicsAndMathsTutor.com January 2015 (IAL)

-

N
Leave

blank
2. Solve, for 0 < 0 < 2=,

2c0s20 =5-13smnéb

Give your answers in radians to 3 decimal places.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

2(1-25,20)= 5-135:.6
2 -Yn8 = S—(3sin B

(©))

Lesnt@ —1ismB +3=0

-~

(Y9ug@-1)GmB-3 ) =0

snw@:--L o, smE =3

iy

0 25T~ | 102527
T C

P= 0153 2-937 (34,)
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3. The function g is defined by

gx— [8—2x], xeR, x>0

(a) Sketch the graph with equation y = g(x), showing the coordinates of the points where
the graph cuts or meets the axes.

3
(b) Solve the equation
8 —2x|=x+5
3
The function f'is defined by
f:x—x>-3x+1, xeR, 0<x<4
(c) Find fg(5).
(2)
(d) Find the range of f. You must make your method clear.
4)
-1 \ B (
AN v *z U

\ / _
‘8\\ \L/ o 3T
\/

E-Lx-x+5 oR ~(8-2x)==+5

3= 3% > =13

z = |

EEIORESE PTAPR IO St

Fj(S):*z[if’”S)ﬁ = £(2)
:(1)1—3/2>4}
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Question 3 continued

L(')t) = 2t —'B'x ~+l

:(‘x~ _3_)1 ~ 2
2 =

£F(0)=(0) -3(x)¢1 = |

O (Y -3(Ww1=5

= = CFHLS
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4. Use the substitution x = 2sin & to find the exact value of
/3
J ! —dx
0 (4—x2)5
©)
')c—;?—SMG \/\/l\_x,\ x = O (9‘-‘—25.\«6
Ax = Lcos Bot (B & =D

‘)CQ\/?V: \[—3—-:’2&\\6

&=/
vr3 ~
f o , Ax o (> 2cos&AG
o (L%—'x’“)”" (Q~ ‘-l-sm‘g)%
(" LB A6

") ([@E(—see)n

7_6056 46

P 2 (o 535

,I
©
—

3

o)




C34 PhysicsAndMathsTutor.com January 2015 (IAL)
( Leave )
blank
5. (a) Use the binomial expansion, in ascending powers of x, of 7a ! p to show that
- 2x
243X o Sx+6x’, R <05
V(1 - 2x)
@
(b) Substitute x = € nto
20
2H3 o se46x
V(@ - 2x)
to obtain an approximation to V10
Give your answer as a fraction in its simplest form.
(&)

l - (] _,Lt)"’/z
=2 L _

]

4
R
1
W
%

2+ 3( Vo

— — = ~ %0/ 2o/

§1=2("%)

T o T 20 200
bO 200
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6. (i) Givenx=tan’4y, 0 <y < %, find j—y as a function of x.
X

Write your answer in the form where A, p and ¢ are constants to

be found. A"+ x7)

(6]
(ii) The volume ¥ of a cube is increasing at a constant rate of 2 cm?® s!. Find the

rate at which the length of the edge of the cube is increasing when the volume of
the cube is 64 cm?.
5)

K T"\-av\‘LEJ
o - 'l-l-cv\th. (secter) -4

- /

OLQ ~ AN\

J 9

?"‘ﬁv\u'-r ( ,"H‘c«"uq\
JN J/

]

|
o3

oL+ ”I"W)Léq\
W

n
Q

Ay - -
Ao "R ( x4 )
g )

Vix) , dV _2cms?  Frol o=
At A

_Q(/U - 3 ')c,?'
oAx

./7'(1— -~ adx . dl/ = >
AE AV AL bess

Whe, /=%  2x=4
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7. (a) Given that
2cos(x +30)° =sin(x — 30)°

without using a calculator, show that

tanx°=3f -4

(b) Hence or otherwise solve, for 0 < 6 < 180,

2co0s(260 +40)° = sin(20 - 20)°

Give your answers to one decimal place.

2 c_osc'x'f?w) = 5%(}‘“30)

®)

Q)

L (332 ¢330 — 2 StAI3IO = Sinx CoS30 —Co5x5M30

JS Ce5C — S1Tn2C = \JS STn — %_uﬂ"x-—
2

2 3 — 2t = 3 Honr — |

r

(J3 =42 o = 203 +]

- J'\—D\\,’JC—: lfs ~ |

J3 A2

Conm

= (23 4)(U3-2)

3 -y

7

= 6 ~%J3 /3 -2

=373 - Y%

x 430 =2 B+Y0 N =2LE +| O

g-= x—-lo ZANCENY 7>

PN

lolx 3Fo
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Question 7 continued

tone =33 - X258, 23,

AY }/ = x-lo
5% B

=28 \(Q.]

go.10 L7

C
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Figure 1
The value of Lin’s car is modelled by the formula
V'=18000e7%% + 4000~ + 1000, 7> 0
where the value of the car is V pounds when the age of the car is 7 years.
A sketch of 7 against V' is shown in Figure 1.

(a) State the range of V.

(2)
According to this model,
(b) find the rate at which the value of the car is decreasing when 7= 10
Give your answer in pounds per year.
3)

(c) Calculate the exact value of # when V= 15000
©))
At 'EZQ/ 2 \§o00 + oo 466D =2 Isop

As £ >e /-2 looo

T, love L VL L3ss0o
dV| - - -2((3000) "9 ~0./(wo00)e™
At

<=0

=-f 55%/\}-,{&.(‘

~
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blank
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Question 8 continued
|So00= 18000 ¢ % + Loo0e™ " +ivoo
O = l?(e“’"f) +4H4 ™" — 1y
= (e )+ 2() - 2
= (1= ) (e 1)
~ < o
_e—OrH: - _?_ - _e.—a,lt; __l
9
[ No 50 .
—0.1t = Ln\|Z)
\../ .
t = JO/&%\
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9.
Ya Diagram not
drawn to scale
C
R
0 In3 In5 X
Figure 2

The curve C has parametric equations
4

x=In(z + 2), y=t2 >0

The finite region R, shown shaded in Figure 2, is bounded by the curve C, the x-axis and
the lines with equations x = In3 and x = In5

(a) Show that the area of R is given by the integral

3
J‘#d’
V(1 +2)

(&)
(b) Hence find an exact value for the area of R.
Write your answer in the form (a + Inb), where a and b are rational numbers.
)
(c) Find a cartesian equation of the curve C in the form y = f(x).
@

W ke 7,:)(,\ 3/ A 3=A, C-é—fZ)
t=1

x=LnS L = R (L+2)
t=3

As 3
R:‘J‘ A :( A = s )
s J 7 :)_Ig“dt d( £ La2 At

~ \Jl T A Vi
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Question 9 continued
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e - A L B o
(e~ & t* T+2
At (E+)«B(L+2)+Ct = 4

E=-2: Le C =W t=0:28=4
C =] B=2
t=1: [(5)A+38+C =%
Azl —3(2)-1 — |
3
3
R=| [ | LY _
J L2 t* n

5 S
= A S —%%~<K{S—JQ3+2-b&l
4 4 A[5)
3 \1/
’,X.:/zr\('e-‘fz\ \1:_’]—_\:_
s/ \J t?.
e- -2 -+t
> =%
o (e=2?
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10.

S
9 4

Figure 3

Figure 3 shows a sketch of part of the curve C with equation

X Inx
y —

-2x+4, x>0
Point A4 is the minimum turning point on the curve.

(a) Show, by using calculus, that the x coordinate of point 4 is a solution of

6
X= T
1+In(x")
6))
(b) Starting with x, = 2.27, use the iteration
e =0
U 1+ In(x,’)
to calculate the values of x, x, and x,, giving your answers to 3 decimal places.
3

(c) Use your answer to part (b) to deduce the coordinates of point 4 to one decimal place.

@)
LJ(:’)cUch — Qx4+
3

Q

A - x ) 'l'x_,e,'x -0 =0
Zx 3 0% 3
x + 2xRrx=b

x( [42R2) =56

x = 6

L =D, )
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Question 10 continued
Xy = A ; I—:Z’Z?
)—{L\(x:\
/
x, = G - 2223
[~ A (2.221)
\ /
X, = G - (2.-'2-; |
1,,1-)2,\(2.2?3‘)

T 1 42.(2-221)

\Nhe_\r\ x = 1.1?—,

c

= (2.22) R (222 _2(21.27) +y
3
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11. With respect to a fixed origin O the lines /, and /, are given by the equations

14 -2 p q
Iir=| —6[+4] 1 Liv=|=T|+u|2
-13 4 4 1

where 4 and u are scalar parameters and p and g are constants.

Given that /, and /, are perpendicular,

(a) show thatg =3

(0]
Given further that /| and /, intersect at point X,
find
(b) the value of p,
5)
(c) the coordinates of X.
2
6
The point 4 lies on /; and has position vector | —2
3
Given that point B also lies on /, and that AB = 24X
(d) find the two possible position vectors of 5.
3

3)
L)ef2)] = —2s 2 44 =O
W/ \l/

I -6 =~
1=
At X 14-2A :f>43/4 (,)

~G+Az ~ZF 42, (a)
“BAUA =W (3)

2() ~(2): —351tFA=0
A5

la(3): pe= L (9-1723 = (»: p= Wy —2(5)B3()=>Z 5
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Question 11 continued e
[l -209\ /L
Whan A= S - [~C+5 :(——])
—B—N(s)/ \?,
X (\Lk,: L, 2) ax 7
A -z :Q‘A'X ' /l’él
/'L/“X/ ~/
— \ [ 6 [—2 / /’.( A
AX = =-t)-[-2) = 1| ~— #~
2>/ |3 w ) A
- N/ \ / 1} }
- 6\ £\ [2)
rs =G +t2AX=(~2])+2[1]=] o]
S/ % \n/
- [g\ /- [l
G =G ~2AX =(-1]~2( 1 ]=2] -«
\3/ \« \\~5J
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12. 4

=V

Figure 4

Figure 4 shows a sketch of part of the curve C with equation

2
y= x;nx -2x+4, x>0

The finite region S, shown shaded in Figure 4, is bounded by the curve C, the x-axis and
the lines with equations x =1 and x =3

(a) Complete the table below with the value of y corresponding to x = 2. Give your
answer to 4 decimal places.

X 1 1.5 2 2.5 3

v 2 1.3041 0-9742 0.9089 1.2958

)

(b) Use the trapezium rule, with all the values of y in the completed table, to obtain an
estimate for the area of S, giving your answer to 3 decimal places.

3)
(c) Use calculus to find the exact area of S.

. . a .
Give your answer in the form 3 + Inc, where a, b and c are integers.

(6)

(d) Hence calculate the percentage error in using your answer to part (b) to estimate the
area of S. Give your answer to one decimal place.

2

(e) Explain how the trapezium rule could be used to obtain a more accurate estimate for
the area of S.

@
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Whe,, x=2 y :_@ijmz ~2(2) 4
3
:Oﬁ2%1(44a
$= —{-(o,s; [1+l-21 55+ L(l-'io‘-l—l+0f‘1 242 a.ﬂan);
=2.393
S= (Azf’x‘ﬂnx ~2x —N-\)o(oc Let uzKx oot
J'\ 3 7 u"—-__{_ v 'x}
* 3
" B | 3 s
Szl hx ) ~ 1| " Z Ay [~ A x)’
JL 3 _h 3, L By
=P L3y (AN —(3) — 3 +4(3) (T~
9 3 27,
=343 — |+ 1
22
= =26 4 4,23
L7
Eccoc= £ 27 - 265 —2.393 - 2.6%
Rz ~ T
7 e
MS—C .S‘M“-Or W\)L—Qf\r‘\.l.} lo..zvéwc-zn > —volues
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13. (a) Express 10cos® — 3sinf in the form Rcos (6 + a), where R > 0 and 0 < a < 90°
Give the exact value of R and give the value of o to 2 decimal places.
3)
Alana models the height above the ground of a

passenger on a Ferris wheel by the equation

H=12—-10co0s(307)° + 3sin(307)°

where the height of the passenger above the H
ground is H metres at time 7 minutes after the
wheel starts turning. L

=

(b) Calculate
(1) the maximum value of H predicted by this model,
(1) the value of # when this maximum first occurs.

Give each answer to 2 decimal places.

@
(c) Calculate the value of # when the passenger is 18 m above the ground for the first time.

Give your answer to 2 decimal places.

“4)

(d) Determine the time taken for the Ferris wheel to complete two revolutions.

R cos (9"“&): Reos@@cosd — R sm @sme
E \Ocaslg = 35)“6

= Rsma=73 R = J(«—s)‘—noz —‘,! 09
Rceossot = lo

@)

3.
(o
A= |20

S 10 cws® =3smB 2 J109 cos (B +1620)

IR

T ool
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Question 13 continued

H: I'Z_ - IQCGS(}Q'&) +3$7r\ (30&)

=7 - C ot +4/6. 20

M- —|

) Haex = 12 = JT07 (=) =22 -Y Lo,

79 For H..., cag(_ZOi%lé-?—g\ =-)

39t +6.20 = \§0O

t: T LU

19212 = (169 cos (30t +1¢-70)

cos (30t t16-20) = = £ S\
/ @ SH-1Z N

30t % [6.20 - 1>5.09 T
t:3—6’MTV\
Peried = 360 —~ [2Lwip,
30

-. H- v-,—!a,L'eS ’2/('('“7\&5 'LO (nw\’o"e"l"e "L""‘o

revolewfions
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