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Given that

2x* —=3x% +x+1 ) dx +e
> =(ax"+bx+c)+ ———,
(x* =1 (x° =1
find the values of the constants a, b, c, d and e.
(4)
A curve C has equation
y=eXtanx, X#(2n+ 1)%.
(a) Show that the turning points on C occur where tan x = —1.
(6)
(b) Find an equation of the tangent to C at the point where x = 0.
)
fx)=In(x+2)—x+1, x>-2,xeR.
(a) Show that there is a root of f(x) = 0 in the interval 2 < x < 3.
)
(b) Use the iterative formula
Xn+1=IN(Xn+2)+1, x,=2.5,
to calculate the values of x,, x,and x,, giving your answers to 5 decimal places.
@)
(c) Show that x = 2.505 is a root of f(x) = 0 correct to 3 decimal places.
)
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-\A (5. 4)

Figure 1 shows a sketch of the curve with equation y = f (x).

B(-5.-4)

The curve passes through the origin O and the points A(5, 4) and B(-5, —4).

In separate diagrams, sketch the graph with equation

@ y=IfX)
) y=f(Ix]),

(c) y=2f(x+1).

©)

©)

(4)

On each sketch, show the coordinates of the points corresponding to A and B.
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The radioactive decay of a substance is given by

R=1000e® t>0.

where R is the number of atoms at time t years and c is a positive constant.

(a) Find the number of atoms when the substance started to decay.

1)

It takes 5730 years for half of the substance to decay.

(b) Find the value of c to 3 significant figures.
(4)

(c) Calculate the number of atoms that will be left when t = 22 920 .
)

(d) Sketch the graph of R againstt.
)

(a) Use the double angle formulae and the identity

cos(A + B) = cosA cosB — sinA sinB
to obtain an expression for cos 3x in terms of powers of cos x only.

(4)

(b) (i) Prove that

co§x +1+smx = 2 SecC X, x¢(2n+1)£.
1+sinx COS X 2
(4)
(ii) Hence find, for 0 < x < 2, all the solutions of
COS X 1+sinx
—— + =4,
1+sinx COS X

@)
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A curve C has equation
y=3sin2x+4cos2x, —rw<X<r.
The point A(0, 4) lies on C.

(a) Find an equation of the normal to the curve C at A.

(®)
(b) Expressy in the form R sin(2x + «), where R >0and 0 < a < %
Give the value of « to 3 significant figures.
(4)
(c) Find the coordinates of the points of intersection of the curve C with the x-axis.
Give your answers to 2 decimal places.
(4)
The functions f and g are defined by
fixi>1-2¢ xek.
3
g:x——-4, x>0, xeR.
X
(a) Find the inverse function f .
)
(b) Show that the composite function g¢f is
gf : X > Bx” -1
' 1-2x
(4)
(c) Solve gf (x) =0.
(2)
(d) Use calculus to find the coordinates of the stationary point on the graph of y = gf(x).
(®)

TOTAL FOR PAPER: 75 MARKS
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Question Scheme Marks
Number
1.
2x> -1
=1 | 2x* —3x*+x+1
2x' —2x°
X% +x+1
x> +1
X M1
a=2 stated or implied | Al
c =—1 stated or implied | Al
2x% -1+ —
X* =1
a=2,b=0,c=-1,d=1e=0
d =1 and b=0,e=0stated or implied | Al
[4]
2. @)
g_y =2e* tan x+e*sec? x M1 A1+A1
X
dy 2X 2Xx 2
d—:O = 2e“ tanx+e“sec"x=0 M1
X
2tan x+1+tan’*x=0 Al
(tan x+1)2 =0
tanx=-1 * cso | Al (6)
d
(b) [—y] -1 M1
dx ),
Equation of tangent at (0, 0) is y =x Al 2)
[8]




Question

Number Scheme Marks
3. (a) f(2)=0.38 ...
f(3)=-0.39 ... M1
Change of sign (and continuity) = rootin (2,3) % cso | Al 2
(b) X, =In4.5+1~2.50408 M1
X, ~ 2.50498 Al
X, ~ 2.50518 Al (3)
(©) Selecting [2.5045, 2.5055], or appropriate tighter range, and
evaluating at both ends. M1
f (2.5045) ~6x10°*
f(2.5055) ~ —2x10™*
Change of sign (and continuity) = root e (2.5045, 2.5055 )
= root =2.505 to 3 dp * cso | Al (2)
[7]

Note: The root, correct to 5 dp, is 2.50524




Question

Number Scheme Marks
4. (@)
y
(-5.4) (5, 4)
Lo ..
\,\\ //, \
/‘//
o ) .
Shape | Bl
(5,4) |B1
(-5.4) | B1 (3)
(b) For the purpose of marking this paper, the graph is identical to (a)
Shape | Bl
(5,4) |B1
(-5,4) |B1 3)
(©
y (4.8)
0 X
(-6.-8)
General shape — unchanged | B1
Translation to left | B1
(4,8) | B1
(-6,-8) | B1 (4)
In all parts of this question ignore any drawing outside the domains shown [10]

in the diagrams above.




Question

Number Scheme Marks
5. (a) 1000 Bl 1
(b) 1000e°" =500 M1
e—57300 — 1 Al
2
-5730c = In% M1
c=0.000121 cao | Al (4)
(c) R=1000e =625 Accept 62-63 | M1 Al 2)
(d)
R A
1000
\ Shape | B1
1000 |B1 )
= []




Question

Number Scheme Marks
6. (a) cos(2x+ X) = €0s 2XCOS X —Sin 2xsin x [ M1
= (2cos” x—1)cos x—(2sin xcos x)sin x M1
= (20052 x—l) cos X —2(1—cos” X)cosx  any correct expression | Al
=4¢0s® Xx—3C0S X Al (4)
_ i cos? X+ (1+sin x)*
o)) Lasinx ( ) M1
1+sinx  cosx (1+sinx)cos x
cos® X +1+2sin x +sin® x
= - Al
(1+sin x)cos x
2(1+sinx)
= - M1
(1+sin x)cos
__2 2secx Xk cso | Al (4)
COS X
1
(©) secx=2 or cosx:E M1
=%, 5?” acceptawrt 1.05, 524 | AL AL (3)
[11]
dy .
7. @) d—:60052x—85|n2x M1 Al
X
d_yj P B1
X 0
y—4:—%x orequivalent | M1A1  (5)
(b) R=V(3+4%)=5 M1 Al
tana =g, a~0.927 awrt0.927 | M1A1l  (4)
(c) sin(2x+ their a)=0 M1
x =—2.03,—0.46,1.11, 2.68 AL AL AL (4)
First Al any correct solution; second Al a second correct solution; third
Al all four correct and to the specified accuracy or better. [13]

Ignore the y-coordinate.




Question Scheme Marks
Number
V3 _
8 | x=1-2y° = y 1—Xj or 3/1 2X MIAL  (2)
ft (1_—)( Ignore domain
b) gof = M1 Al
(b) gf (x) 1-2x3
_ _ 3
3-4(1-2x°) M1
_8&x-1 cso | Al (4)
1-2x°
8x> -1 .
f: Ignore domain
J 1-2x° J
(c) 8x*-1=0 Attempting solution of numerator =0 | M1
X =% Correct answer and no additional answers | Al 2
dy (1— 2x3)>< 24%% + (8x3 —1)>< 6x
d) —== ; M1 Al
dx (1— 2x3)
18x?
= 2 Al
(1— 2x3)2
Solving their numerator = 0 and substituting to find y. M1
x=0,y=-1 Al (5)

[13]




