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A curve has equation
42—y + 2y +5=0
The points P and @ lie on the curve.

, dy
Given that — = 2 at P and at Q.
-
(a) use implicit differentiation to show that y — 6xr=0 at P and at Q.

(6)

(b) Hence find the coordinates of P and 0.
(3)

) fgx-lji? +li§§ $- 19 = 6

S X
ﬁi(th}_»ﬂ - -1Y-F x
o = ‘ijtjy = 2
- =YX :?_X-}j
\\j —éx:j
b) v = 6X



2. Cuven Lha

LT ) AR it ¢

— _._+ e’

Ol = 2eM2 +=xy (] 2y) l"+n}llll.~J'

|:|i I ke : b} L] L
( el the walies of 1y constants A and Cand show that 8 = f)

(4)
||-|} \ .o i [ ' b} !
O Henee, or otherwise, find the SCHIes expansion of

Hx® +6) |

=232+ 1)’ 2

I ascending ers ol v ' ' i !
¢ W powers ol v, up o and inchuding the term in v, simplifying cach term.

o (3)
&) q(m+g]:iﬂ1+x}1+3(puqn+xL+c(hﬁmj
h.'_"ﬁ_‘ 'I:—\.-l-_
- _ 15
r5 =298 L {p-1
k_{'-t.t:(:—l

N = B 4+% X x>
§(L+x)"" = g(2-%) (I+l-1)":L

= 7 [I -X-f[l)(f'n 1)]

= 2o o (8
2x+Tx

=22~ e (1 x) % = 6+6x% + ég.yl
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Figure |

Fieure 1 shows a sketeh

fla) = (2x = S)er,

J = 7

Fhe curve has g mmimum Lurmineg pol ot A

(i) Lse caleulus to Iind the exact coordimates ul 4

ol part of the curve with cquation v — Iy, where

Griven that the equation f(x) — &, where & is a canstant. has exactly two rools,

(b} state the range ot possible values of k.

(¢} Sketeh the curve with equation v — [I{x)

(2)

Indicate clearly on your sketeh the coordinates of the points at which the curve crosses

o mmeets the axes.

a) F0x) = 2¢*+ r=g) 8% = ©

e ( -3+2x) =0 —
4 =15 =5) e™

3!1
- -2, ¢ 311)
- 2€

>
H ( 3/
|'-:‘, A ﬂ.ﬂ‘jrﬂp“tﬁ'te

h) Y=o
3/

et Kk <O
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Figure 2
Figure 2 ; ~ ' wl A
lgure 2 shows the pomnts A and & with position vectors a and b respectively. relative to o
ixved orgin (), |
Gitven that [a - s, Ib| =6 and a.b = 20
() find the cosine of angle 408,
(2)
(b) find the exact length ot 44,
(2)
(¢} Show that the area of trimngle AHK 15 S\E
(3)
) . Lo y
ux) aipol=2"_ = — =2
Vol 1ol 30 3
s B Z L
5 ) C*= a*>+b™* —2abcospol

= 295436 < 50(%):11
AR = (24
C.} Prea = ‘lir ab sin Ao B Gl

Z
3
= IS Sing =45

5(%5) - \56] 'y

Vi

~



(1) @ind the x coordinate of each point on the curve v = . x £—1, at which the

x+1
gradient 18 L
(4)
(i) Given that
J' rl—ld.":h'lT g >0
T !I
find the exact value of the constant a.
(4)
' - x oy o
i 7 e : - e i
k) (x+4) m
H o= (R+)E
gL L = K+
¥ =1 el @ K== 5
28 Y 6.
L "
((i‘*—— dt :[“t*l-iﬂ{‘tl}
T
(.8 Ca

2a +n[2a) = a - In[a)

= o+ D)+ by —10ke)

7 +—|r~.1__~_ |rﬂ
1,\1{}% — |n'%_)l

===\



The mass, m grams. of a radioactive substance 7 vears affer first being observed, is
modelled by the equation

m=725e! ¥

where £ 1s a positive constant.

(a) Statc the valuc of m when the radicactive substance was first abscrved,

(1)
Given that the mass 1s 30 grams, 10 ycars after first being obscrved.
. 1 1
(b) show that £ —1n EE‘:
4)
(¢) Find the value of f when m = 20, giving yvour answer to the nearest year.
(3)
B) tob -5 m

- 15e¢

) B Ly O
EI-JGH - Z

l-lek = In(2)

—iGH - |ﬁf1) - |
K = L _ 1

I—'E} ".Gln(l)

| &

o _ | e
m[\r‘«f?—inz.] - __..'nr"._i

L O

& e [ = ot [ 0

Kt = - 1n{%J => —b:ﬁ[l-ln(%)w

€ = 3?\-‘36 -



Too ) Use the substitation ¢ tany 1 show that the cquation

dhan 25 - Jeot vseed v =0

San e wreitlen i the Torm

MHHESE - T=0

(4)
() Henee soh Bl Q-2 y 3
dtan 2y Jeptrsec’ v=0
Give each answer in terms ol z. You must make your method clear. 4
(4)
R e IR (PR g
| - ft«n.l)t
i BHAonx  _ 3 l e -3 TARER =48
| —tain® x "tﬂgl"'x |
let + = Yen X
8 + 2 =« = ‘*‘tf'“’tlj
e +

g ® o 3 (1 =42) » T2 (18" =8
§t% . B¢ 3% =t L gt 2l
T8t -3=0p

[3t%-1) (t*+ 3) = o




8.

() Prove by dilferentiation that
i[ln tan2y) = — E o B s
dy sindy 4

(4)

(hb) Given that y — & when ¢ — (0, solve the dilferential equation

dv _ i Y
I-Ecnsasm-’h, 0<y< 3
Give your answer in the form tan2y = Ae®***, where 4 and B are constants to be
determingd.
(6)
\ L s
a)  d (lateniy) - 2sec’2y (o521 4
) ) -1I_C1‘n|1 :J ‘:.f,a-..l‘_"j
(-:»'i'l_j _
e PR, S .
‘w'r..tljfc,-g'z,_ 2 21 (&5 - Sin 4 ‘
2 S ‘?.U o5 ‘:] W d j,
|
b — 8y =\26sx dx
1 Ginly :j
|_ﬂ["|-'.t...1‘|2_j) - 25;ﬂ1 4
L.[—
B _ lnd3
=0 =i = = 0+ (C
’ ‘j G > |_,_|. {:
= L lai)
8
'|\. +en — g Sql‘\;‘. 'f— 'II""
r ‘j s ‘ o 5 2 f3)
Csinx + In 4%
+m~.l‘j = §
K5 n X i3
= ! o P
LsinX

l ten 2_“1 _ ﬁ [:r
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Figure 3
Figure 3 shows a sketch of part of the curve with parametric equations
x=t2+2, y=r-9 teRk
The curve cuts the x-axis at the ongin and at the points 4 and B as shown in Figure 3.

(a) Find the coordinates of point 4 and show that point 8 has coordinates (15, 0).

(3)
(b) Show that the equation of the tangent to the curve at B1s 9x —4v— 135=0
(5)
The tangent to the curve at B cuts the curve again at the point X"
(c) Find the coordinates of X
(5)
(Solutions based entirely on graphical or mumerical methods are not acceptable.)
= L . i
mj O = %9t t(-tl-")]:o
+ =0 Rz g
t=-3- %= 9-€=73 +t=3 = % =18
AL3,o0) B3 (15,0
h o
by 9X = 2+%+2 £ - 3 =1
dt e
L O
by _ 39 ez aay’e 2
At 1t4+2 4

9

A~15 i




hiestion " contimmed

() (7 zt] - 'r{i'f' -“n-) -13%5 = 6

iplCt -4k’ 4 36t -135=0
—-Hl-i ‘_r.ljt_-'i_r_ LJL.itJ|’?Jr}:D
Ht"*f}t']—ﬁlit +139S =0

Flr) =ht? -9t -S4 +135
Cita ) = Wi 43" =%% (3 « 135S

—~ 0% 8|~ V62135
— 17 =1l 2=135 = £

+ = % |‘5 el '{ﬁ{""h‘:rl"_

Ybitin 3t - W5
= 3 ___\H'*-fjr"'—?l*tﬂes
Zued_ 12
Lf-ﬁ)[t1t1+'§~t_f‘fT5)-:Q -
[t -—%f][q't*f-l%a]{—t,-?:}:u jg—g_ -
(B +15) [+-3) =0 It -9t
- W5t +135
PR bl 2
t = 5 T o? '®,
Li_
_ o ishdL el ABA o \BS
*= (- R) ()= o=
1833 el 152 = = LUS
= =) ~4l =) i
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Fignre d

Preme 4 shows acnaht coealar evhindrical vod which s expanding as it 15 heatad.

At 4 seconds the radius of the rod is © emand the length of the rod 15 Gx cm.

Civen that the eross-sectional area of the rod s increasing at 4 constant rate

0 0 s L hd e e ol merease of the volume of the rod when v = 2

Write your answer in the form kr em's | where & 15 4 rational number.

4% 206
gV = i‘h’_ ﬁ ﬁ: JT )il

(6)



11. (a) Express 1.5sinf — 1.2cos# in the form Rsin{f# — a), where R - 0and 0 < « -

b | M

Give the value of ® and the value of @ to 3 decimal places.

(3)

The height. H metres, of sea water at the entrance to a harbour on a particular day, is
modelled by the equation

H=3+ |.551n[3]— |.:cus(”_’]. 0<t< 12
6 6

where ¢ is the number of hours after midday.

(b) Using vour answer to part (a), calculate the minimum value of A predicted by this
model and the value of ¢, to 2 decimal places, when this minimum oceurs.

(4)

(c) Find, to the nearest minute, the times when the height of sea water at the entrance to
the harbour is predicted by this model to be 4 metres.

(6)
{.xj 1.5 5in0 —1.2G656 = Rsing s> — L§in co5@
Res= 1.5 -
Lsin™ = 1.2 Q_:J\eﬂ,j}lrlﬂ' =3 ?’E
Y an™ = ;;: i
=1:834
%= DnE T8
W) H=35 4 & g-:n(LL'Jﬂ #0:6?1?,) b, = 3~ 34
,0 é ¢ M. ‘o
-%{-0-6_}5 :%E = |.0% metres

Tt = 5387 it =10:29 hours)

cy 4 3@ 5(n(%fﬁa-é?‘5)

\'o

_}}1 - 6:£35 = Q. 51315 '%C-t- . 0.675 = JT -0-S475

+=2,.33% k = ELIH2S K
— 1239.8 »in = 3. L | min

- m—
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e (0 Faiabive Toca Bivedbongan G4 e hine s given by e ejualion

._I' .

o i ’ Y where 4 is a scalar parameter
If1_ |
> C
Phe pomne P lies on £ Goven that OF s perpendicular to /|, ealculate the
1 |nr|1|ll||.1|-,_"1 i J'”
(5)

Cod Relatve oo fised argan 3, the line /. is given by the equation

[ 4 5
L. r =3 | = | =3 | where g is a scalar parameter.
12 4

" [ - % i 0
Lhe pomnt A does not Lie on /. Given that the vector QA is parallel to the line L

» -
and (€24 = /2 units, caleulate the possible position vectors of the point 4,

3)

1L [ -5 T
g B ) -3 A . T = =&
_ ok A Bl

6+ A e I e

.-lU—i—L-l-)LL--L%-F C':])\,_{—g—i‘ﬁ.:o
P A

o

i) of = [ -3y (&0) "+ (30) 5 (W)= (5)
4 g e 5
__tl; |

=%

1

JI)—= !

— -\ i-
) = 3

Oh - o 2 — 3

_h 5

% Ly

5



13.

b)

Figure 5

Figure 5 shows a sketch of part of the curve with equationy =2 —Ilnx, x =0

The finite region R. shown shaded in Figure 5, is bounded by the curve, the x-axis and the
line with equation x = e.

The table below shows corresponding values of vand y for y =2 - Inx

-

| ol -

| )

(a) Complete the table giving the value of y to 4 decimal places.

(1)

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

(3)

(¢) Use integration by parts to show that J{ InxY dr=x(lnx)*—2xlnx+2x+¢

(4)
The area R is rotated through 360° about the x-axis.
(d) Use calculus to find the exact volume of the solid generated.

Write your answer in the form me( pe + g). where p and g are integers to be found.

(6)
h = gj_-e—} -8 = _—G.L-‘E
1 2

A ( EE) ]_-i-l-o-f-l (03?‘31‘3)7 -2.05h%

L
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