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The curve C has equationy = 2x3, 0<x<2.
The curve C is rotated through 2 radians about the x-axis.

Using calculus, find the area of the surface generated, giving your answer to 3 significant figures.

(%)
(a) Giventhaty=xarcsinx, 0<x<1, find
. : dy
(i) an expression for —,
dx
(ii) the exact value of dy when x = i
dx 2
@)
(b) Given thaty = arctan (3e%), show that
dy _ 3
dx  5cosh2x+4sinh2x
(®)
Show that
r8 1
(@) ————— dx =k, giving the value of the fraction k,
Js X° —10x+34
()
r8 1
b dx =In (A ++n), giving the values of the integers A and n.
®) Js V(x* —10x + 34) ( - gving :
(4)
I, = J x*(INx)" dx, n>0.
1
(@) Prove that, forn>1,
e’ n
In = 373 .
4)
(b) Find the exact value of 1,.
(4)
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The curve C, has equation y = 3 sinh 2x, and the curve C, has equationy =13 — 3e**,

(a) Sketch the graph of the curves C, and C, on one set of axes, giving the equation of any
asymptote and the coordinates of points where the curves cross the axes.

(4)
(b) Solve the equation 3 sinh 2x =13 — 3e*, giving your answer in the form 2 Ink, where k is an
integer.
®)
The plane P has equation
3 0 3
r=| 1|+A| 2|+u| 2
2 -1 2
(a) Find a vector perpendicular to the plane P.
)
The line | passes through the point A (1, 3, 3) and meets P at (3, 1, 2).
The acute angle between the plane P and the line | is c.
(b) Find « to the nearest degree.
(4)
(c) Find the perpendicular distance from A to the plane P.
(4)
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The matrix M is given by

k -1 1
M=|1 0 -1|, k=1
3 -2 1

(@) Show that det M =2 — 2k.

(2)
(b) Find M2, in terms of k.

®)

The straight line 1, is mapped onto the straight line |, by the transformation represented by the
matrix

2 -1 1
1 0 -1
3 -2 1

The equation of I, is (r—a) x b =0, where a = 4i + j+ 7k and b = 4i + j+ 3k.

(c) Find a vector equation for the line I, .

()
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The hyperbola H has equation
X2 y2
— b—z =1.

Q

(a) Use calculus to show that the equation of the tangent to H at the point (a cosh 6, b sinh 9)
may be written in the form

xb cosh  —ya sinh 6 = ab.

(4)
The line 1, is the tangent to H at the point (a cosh 8, b sinh ), 6=0.
Given that I, meets the x-axis at the point P,
(b) find, in terms of a and 0, the coordinates of P.
)
The line 1, is the tangent to H at the point (a, 0).
Given that I, and |, meet at the point Q,
(c) find, interms of a, b and 0, the coordinates of Q.
)
(d) Show that, as € varies, the locus of the mid-point of PQ has equation
x(4y? + b%) = ab.
(6)

TOTAL FOR PAPER: 75 MARKS
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Question Scheme Marks
Number
1. g_y =6x* and so surface area = Zzzfzx3 (L+ (6x?)*dx Bl
X
. M1 Al
- 47{ (1+36x4)2}
3x36x4
Use limits 2 and 0 to give %[13860.016—1] —806 (to 3 sf) DMLAL
5
2.
dy X : M1 Al
| = =———=—=+arcsinx
@ () | gx Ja—x)
)
(ii) B1
At given value derivative = 1 +Z2 MJ
J3 6 6
1)
(b) dy 6e* 1M1 Al
dx 1+9e™
___ 6 2M1
e 4 0e¥
~ 3 3aM1
- %(eZX N e—ZX) +%(e2x _e—ZX)
Jdy 3 . Alcso
“dx  5cosh 2x+4sinh 2x
(%)
8
3.
1 1 1 Bl
x* =10x+34=(x-5)*+9 so = =
(@) (x=9) X2 —10x+34 (X—5)2+9 u’+9
(mark can be earned in either part (a) or (b))
| = %du = 1arctan (Ej I =J‘;2du = 1arctan (X—_S) M1 Al
u‘+9 3 3 (x-5)"+9 3 3
Uses limits 3 and 0 to give % Uses limits 8 and 5 to give % DMIAL
(©)
(b) 2 2
_ _ X—5+4/(x-5) +9
I=1In (X—5+ X—Sj +1lor I =In ( ) M1 Al
3 3 3
or | :In((x—5)+«/(x—5)2+9)
Uses limits 5 and 8 to give In(1++/2) . DM1 Al
(4)
9
4,
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X3 x> n(inx)"* M1 Al
| = =—(@nx)" |-|= dx
(a) n{3( )}jgx -
3 € e 2 n-1
:{X—(Inx)”} J-nx (Inx) q DM1
1 1 3
et n Alcso
|n:§ gln—l *
(4)
e 3¢ 3 3 3 3
() |lo=[xdx=| S| =& Zory S L[ 1] 2,1 M1 Al
1 3], 3 3 3 303 3/ 9 9
I _e_3_1| I _e_:"‘_gl and | _e_3_3| so | _4_e3 2 M1AL
'3 3% 7% 3 3" ° 3 3% 7% 27 27
(4)
8
5.
(@) v
\ Graph ofy = Bl
1 3sinh2x
Shape of —e** graph|B1
Asymptote: y =13 |B1
‘ " Value 10 on y axis
and value 0.7 or B1
11In(£) on x axis
(4)
(b)  |Use definition g(e2x —e %) =13-3e* — 9e™ —26e* —3 =0 to form quadratic MLAL
e =—Lors DM1 AL
9
1 Bl
S Xx==In(3
> 3
(%)
9
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6.
(@) n=(2j-k)x@Bi+2j+2k)=6i—3]—6k o.a.e. (e.g.2i—j—2k) M1 Al
(&)
(b) Line | has direction 2i-2j —k Bl
. L . 4+2+2 8 M1 Alft
Angle between line | and normal is given by (cos S or sina) = =—
(cos B )="%% "o
a =90— [ = 63 degrees to nearest degree. Al awrt
(4)
(c) Plane P has equation r.(2i—j—2k) =1 M1 Al
Perpendicular distance is 1-() 8 M1 Al
Jo 3
(4)
10
7.
(@) |DetM=k(0-2)+1(1+3)+1(-2-0)=-2k+4-2=2-2k M1 Al
(&)
k 1 3 -2 -1 1
T =| - - f = - -
(b) M 1 0 -2/ socofactors 4 k-3 k+1 M1
1 -1 1 -2 2k-3 1
(-1 A mark for each term wrong)
-2 -1 1
a1 -4 k-3 k+1 M1 A3
2-2k
-2 2k-3 1
(©)
X' 4 4
(©) Let (x, y, z)be on ;. Equation of I, can be writtenas | y" |=|1 [+ 4|1 |. B1
Z 7 3
X X' X -2 -1 1\(4+42
Use [y [=M*| y' | withk=2.ie | y|==| —a -1 3| 1424 M1
z 7' z) \-2 1 1)(7+31
X 31+1
ly|=|42-2 M1 Al
z 24
and so (r-a)xb =0 wherea=i-2jandb =3i +4 j + 2k or equivalent B1fi
or r=a+3b wherea=1i-2jand b =3i +4 j + 2k or equivalent
(5)
12
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8.
@ | Uses dy _g _bcoshd or Q_Zyy’_o_w,_x_bz_bcoshe M1A1
dx % asinh@ a? b ya’ asinhé
So y—bsinhH:bC(_)She(x—acoshe) M1
asinhé
. ab(cosh’ 6 —sinh® @) = xb cosh @ — yasinh @ and as (cosh” @ —sinh® 6) =1 Alcso
xbcoshd—yasinhf=ab =
4)
. . a M1 Al
b P is the point (———,0
(b) p (coshé’ )
(2)
(c) I, has equation x = a and meets | at Q (a, —b(CO_Sh 4 _1)) M1 AL
sinh @
(2)
(d) The mid point of PQ is given by X = w, Y =M IMLALft
2cosh @ 2sinh @
A2 b2 — b2 cosh?@+1—2cosh @ +sinh? @ 2M1
sinh? @
2 2cosh? @ —2cosh @ 3M1
sinh® @
X (4Y? +b7) = ab? (cosh @ +1)(cosh & —1)2cosh & AM1
2cosh@sinh? @
Simplify fraction by using cosh?@—sinh?@ =1 to give x(4y® +b*)=ab* =  |AlCso
(6)
14
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