1. A curve has the equation
2x2+xy—y2+ 18=0.

Find the coordinates of the points where the tangent to the curve is parallel

to the x-axis. 6]
2. Use the substitution x =2tan u to show that
> X -1 8
fo o &= t@-m. @®)
3. (a) Showthat (15 s k~J6 , where k is rational. Q)
(b) Expand (1 + %x)_%, | x| <2, in ascending powers of x up to and including the
term in x°, simplifying each coefficient. “4)
(c)  Use your answer to part (b) with x= I to find an approximate value for J6,
giving your answer to 5 decimal places. 3
4.  Relative to a fixed origin, two lines have the equations
r = (7j — 4k) + s(4i — 3j + k),
and r=(=7i+j+8k)+#-3i+2k),
where s and ¢ are scalar parameters.
(a) Show that the two lines intersect and find the position vector of the point
where they meet. 5)
(b) Find, in degrees to 1 decimal place, the acute angle between the lines. “)
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A curve has parametric equations

1
x= , y= , —1<t<2.
2—t 4 I+t
dy 21 Y
a) Showthat — = -1/ =~ | 4
@ dx 2 ( 1+¢ ] “)
(b)  Find an equation for the normal to the curve at the point where 7= 1. A3)
(c) Show that the cartesian equation of the curve can be written in the form
I+x
= : 4

4 1+3x “)
(@) Find j tan’ x dx. A3)
(b) Show that

.[ tanx dx = In |secx| +c,

where c is an arbitrary constant. )
B \
1
y= x*tanx
3
(0] 3 X
Figure 1
Figure 1 shows part of the curve with equation y = x% tan x.
The shaded region bounded by the curve, the x-axis and the line x = % is rotated
through 27 radians about the x-axis.
(c)  Show that the volume of the solid formed is % ( 633 — ) — 7 ln 2. (6)
Turn over

© Solomon Press

C4f page 3



5 cm

Figure 2

Figure 2 shows a hemispherical bowl of radius 5 cm.

The bowl is filled with water but the water leaks from a hole at the base of the bowl.
At time ¢ minutes, the depth of water is # cm and the volume of water in the bowl is
Vem® , where

V= L1nh*(15 - h).

1
3

In a model it is assumed that the rate at which the volume of water in the bowl
decreases is proportional to V.

(a) Show that

dh _ kh(15-h)
dt 310-h)
where £ is a positive constant. 5)
3(10—-h) . . .
Express ———— in partial fractions. 3
(b) Express - a5_m P Q)

Given that when =0, h=5,
(c) show that

(15 - h)=250¢". (6)
Given also that when =2, h=4,

(d) find the value of & to 3 significant figures. A3)

END
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C4 Paper F — Marking Guide

1. 4x+y+xd—y—2yd—y= MI1 A2
dx dx
SP: d—y:0 Ldx+y=0, y=-4x M1 Al
sub. 2 —4x’ - 16x* +18=0 Ml
=1, x=%1 . (-1,4),(,-4) A2 8)
2. x=2tanu = £=2seczu M1
du
x=0=>u=0,x=2 = u=7% Bl
T 2 .y
I:I“ 4tan2" X 2 sec” u du:J‘4 2 tan” u du Al
4sec”u 0
= J.OZ (2 sec’ u—2) du Ml
= Rtanu—2uld M1 Al
=2-2)-0)=5@-mn M1 Al (8)
_ 25y - [24 _ (4 -2 -2
3.0 @ =@ = 2= fAixe=2V6 [k=2] MI Al
_ 11 EDED 1 EHEDED s
B =1 (Hn T G PR M1
- 1 3. 2_ 5 3
*1_Z)C+§x—mx+ A3
© x=L4 =>0+ini=ad)=2J6
—1
X2 = (14307 =1 1)+ (5 - ()] M
=0.97979510
J6 = % % 0.97979510 = 2.44949 (5dp) M1 Al (9)
4. (@) 4s =-7-3t (1)
7-3s=1 (2)
—4+s5s=8+2t (3) Ml
(2) = s=2, sub. (1) = t=-5 B1 M1
check (3) -4+ 2=8-10, true .. intersect Al
intersect at (7j —4k) +2(4i—3j+ k) =(8i+j—2k) Al
B =cos’ 4><(—3)+(—3)><0+1><2| MI Al
JI6+9+1x/9+0+4 |
1| -10
= ————| =57.0°(1d M1 Al 9
Ccos \/%X\/E ( p) ( )
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dx _ix@-n-ix(-) _ 2 dy — (1407

a R Ml B1
@ dt 2-1)? @2-0? dr
2 2
dv_ v 2 e :_L[ﬂj M1 Al
dx (+0*  @2-1)? 2(1+1)? 2 (1+1
(b) t:1,x:1,y:%,grad:—é B1
grad of normal = §
Ly—3=8x-1) [y=8&-L M1 Al
) x2-fH=t Ml
=H(1+x), t= 2% Al
I+x
e L S, . M1 Al (11)
l+12Tx (I+x)+2x 1+3x
(a) :j (sec’x—1) dx Mi
=tanx—x+c M1 Al
_ sin x _ du —w
(b) ,J' coor dx, let u=cosx, & sin x Ml
= L x1 du=—[ > du Al
u u
:—1n|u|+c:1n|u_1|+c:1n|secx|+c M1 Al
(c) volume:njg x tan” x dx Ml
u=x, =1, vV =tan’x, v=tanx —x Ml
1 :x(tanx—x)—I (tanx —x) dx Al
=xtanx—x*— In|sec x| +%x2+c Al
volume = 7t[x tan x — %xz—ln|secx|]§
—n{(I3n-Lm-In2)-(0)}=L1m(6y3 -m-nln2  MIAL (13)
@ Y- Y iom-m B2
dr dh
LA A —kV=(10nh—nh2)% Ml
dt  dn  dt dr
—Lkmh*(15 - h) = h(lO—h)%
3 T dr
(15 -y =300—-my 3 . 9 __knas—n M1 Al
et dr 310~ h)
30-h) _ 4, B N s
B aiin =% T 300-h)=A(5-h)+ Bh Ml
h=0 = A=2, h=15 = B=—1 - 0=m _2_ 1 A2
h(15-h)  h  15-h
310-h) _ _ 2 _ 1 _ _
© wison 9 [ —k d, j(h =) dh [ —k de Ml
2Inlal +In|15-h| ==kt +c MI Al
t=0, h=5 = 2In5+In10=¢, c=1In250 Ml
2Inla| +1n|15- 1| - 1n 250 = —kt
2 2
In BUS=0) — o HUSZR) ok p2(15 — )y = 25087 M1 Al
250 250
(d) =2, h=4 = 176=250e* Ml
_ 1 176 _—
k= -1l =0.175 (3sf) MI Al (17)
Total (75)
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