1. Find

j cot® 2x dw. @)
2. A curve has the equation
4cosx+2siny=3.
dy .
(a) Show that ™ = 2sin x sec y. Q)]
(b) Find an equation for the tangent to the curve at the point (%, %), giving your
answer in the form ax + by = ¢, where a and b are integers. A3)
3. (@) Express 2+20x > as a sum of partial fractions. “4)
I1+2x—8x
(b) Hence find the series expansion of L()xz’ |x| < %, in ascending powers
1+2x—-8x
of x up to and including the term in x°, simplifying each coefficient. Q)]
4.  The line /; passes through the points P and Q with position vectors (—i — 8j + 3K)
and (2i — 9j + k) respectively, relative to a fixed origin.
(a) Find a vector equation for /;. 2)
The line /, has the equation
r=(6i+aj+ bk)+ i+ 4j-Kk)
and also passes through the point Q.
(b)  Find the values of the constants a and b. 3
(¢) Find, in degrees to 1 decimal place, the acute angle between lines /; and /. “4)
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Attime ¢=0, atank of height 2 metres is completely filled with water. Water then
leaks from a hole in the side of the tank such that the depth of water in the tank,
y metres, after ¢ hours satisfies the differential equation

d_y — _ke—O.Zt
dt

2

where £ is a positive constant,

(a) Find an expression for y in terms of k and ¢. “)
Given that two hours after being filled the depth of water in the tank is 1.6 metres,

(b)  find the value of & to 4 significant figures. A3
Given also that the hole in the tank is # cm above the base of the tank,

(¢) show that 4 =79 to 2 significant figures. A3)

Y A

N

0

=YV

Figure 1
Figure 1 shows the curve with parametric equations
x=2—-1t% y=#t+1), t=0.
(a) Find the coordinates of the points where the curve meets the coordinate axes. “4)

(b)  Find the exact area of the region bounded by the curve and the coordinate axes.  (6)

Turn over
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7. (a) Prove that

% (@)=da Ina. 3)

A curve has the equation y=4"—2""1+1.

(b)  Show that the tangent to the curve at the point where it crosses the y-axis has
the equation

3xIn2-2y+3=0. 5)

(c¢) Find the exact coordinates of the stationary point of the curve. “4)

8 YV A
_ X
— 7 x+1
0 3 x
Figure 2
Figure 2 shows the curve with equation y = Ll .
x+

The shaded region is bounded by the curve, the x-axis and the line x = 3.

(a) (i) Use the trapezium rule with three strips to find an estimate for the area
of the shaded region.

(ii)  Use the trapezium rule with six strips to find an improved estimate for
the area of the shaded region. 7

The shaded region is rotated through 27 radians about the x-axis.

(b)  Show that the volume of the solid formed is (3 — In 4). (6)

END
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C4 Paper E - Marking Guide

1. = I (cosec® 2x — 1) dx M1 Al
= —dcot2x—x+c M1 Al (4
. dy
2. (@) —4sinx+((Q2cosy)— =0 MI1 A2
d _ dsinx _ 2sinx =2sinxsecy MI Al
dx 2cosy cosy
b) grad=2><§><%=2 Bl
Ly I =2(x-E) Ml
6y—mn=12x—-4n
4x-2y=m Al ®)
3 @ 2+420x  _  2420x  _ A B B1
1+2x—8x2  (1-2x)(1+4x)  1-2x  l+4x
2 +20x = A(1 + 4x) + B(1 — 2x) Ml
x=1  =12=34 = 4=4 Al
x=-1 = 3=3p = B=22 2420x 4 2 Al
4 2 1+2x-8x2  1-2x  l+4x
()  ZFE 41— 207 - 2(1 + 4x)!
1+2x—8x
(1=20)" = 1+ (=1)(=2x) + EE2 (<2x)? + LD oy’ 4 M1
=1+2x+4x"+8x° + ... Al
(1+4x)" = 1+ (=1)(4x) + S22 (4r)? + X2 (43 4
=1 —4x+16x" - 64x + ... Al
220 g 4 2x AP+ 8 ) —2(1 —dx+ 167 — 64 +..) M
1+2x - 8x2
=2+ 16x— 16x" — 160x° + ... Al 9)
4 (@ PO =Q2i-9j+Kk) —(=i—8j+3K) =@3i—j—2K) M1
. r=(-i-8j+3k) + A3i-j-2k) Al
()  6+u=2 . u=-4 Ml
a+t4u=-9 .c.a=7 Al
b-u=1 . b=-3 Al
©  =cos” [3x1+(=1)x4+(=2)x (-1)] MI AL
| Jor1+axI+16+1
-1 1
= =86.4° (1d M1 Al (9
oS T (1dp) )
5 (a) j dy= j —ke 0 dt Ml
y:5ke_0‘2t+c Al
t=0, y=2 = 2=5+c¢, c=2-5% M1
ooy ="5ke " —5k+2 Al
(b) t=2,y=16 = 1.6="5ke " —5k+2 Ml
k= % =0.2427 (4s) MI Al
04 _
(c) as t — oo, y — h (in metres) M1
L “h”=-5k+2=0.787m=787cm .. h=719 M1 Al (10)
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(@ x=0= =2
120 - ot=+2 - (0,2+2) MI Al
y=0 = f(1+1)=0
t20 - t=0 - (2,0) MI Al
m  E oy Ml
dr
area = Ija (it + 1) x (<2¢) dt Al
NG
- j02 Q7 +20) dt
:[%,u%,z]gf M1 Al
=2+ 42)-(0)=2+ 42 M1 Al (10)
(@ lety=a', ~.Iny=xlna M1
1Y, Ml
Yy dx
d—y:ylna:axlna .'.i(ax):axlna Al
dx dx
dy x x—1
b L =4m4-2"""m2 MI Al
dx
— —_ 3 — _ 3
x=0,y=3, grad=In4—-JIn2=3In2 Ml
coy=CGhl2x+ 3, 2y=3xIn2+3, 3xIn2-2p+3=0 MI Al
() 4Ind4-2""In2=0
2)x2mI2-1(@2)m2=0 Ml
129 In2[4@H-11=0 M1
X _ — . 15
=1 x=2 (2,8 A2 (12)
@ x 0 05 1 1.5 2 2.5
y 0 05774 07071 0.7746 0.8165  0.8452 B2
() =1 x1x[0+0.8660 +2(0.7071 + 0.8165)] = 1.96 (3sf) Bl M1 Al
(i) = Lx0.5x[0+0.8660+2(0.5774+0.7071+0.7746+0.8165+0.8452)]
=2.08 (3sf) MI Al
_ (3 «x
) =rnf 2o d M1
3 x+l-1 _(*q_ 1
7n~[0 x+1 dx nIO (1 x+1) dx Ml
=nfx—Inlx+1[1} MI Al
=n{(3—1n4) - (0)} =n(3 — In 4) MI Al (13)
Total (75)
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