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1. Figurel
y 4
M (2, 4)
5 o \'5 X
Figure 1 shows the graph of y=1f(x), -5 <x<5.
The point M (2, 4) is the maximum turning point of the graph.
Sketch, on separate diagrams, the graphs of
@ y=f(x)+3,
2
(b) y=If¥)],
2
© y=*(x]).
3)
Show on each graph the coordinates of any maximum turning points.
. J
2
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1. (@)
Ya
Shape unchanged | B1
2,7) Point | B1 (2)
@) x>
(b) y4
(2, 4) Shape | B1
Point | Bl (2)
0] X >
(c)
(-2,4) vt (2,4) Shape | B1
(2,4) |B1
(-2,4) |B1 (3)

[7]
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2. Express
2X% +3% 6
(2x+3)(x=2) x*—x-2
asasingle fraction in its smplest form.
(7
\. J
4
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2. X?—x-2=(x-2)(x+1) At any stage | B1
2x*+3x _ x(2x+3) _ «x B1
(2x+3)(x—-2) (2x+3)(x-2) x-2
2X+3x 6 X(x+1)-6 -
(2x+3)(x=2) x*-x-2 (x-2)(x+1)
X +x-6 AL
_(x—2)(x+1)
_(x+3)(x-2)
- x—2)(x+1) M1 AL
X+3
_—X+1 Al (7)
[7]
Alternative method
X*—x—-2=(x-2)(x+1) At any stage | B1
(2x+3) appearing as a factor of the numerator at any stage B1
2% + 3x 6 (2% +3x)(x+1)—6(2x+3) "
(2x+3)(x=2) (x=2)(x+1)  (2x+3)(x—2)(x+1)
__2X+5x"-9x~18 can be implied | A1
~(2x+3)(x-2)(x+1) P
(x=2)(2x* +9x+9) r (2x+3)(x* +x—6) (x+3)(2x* -x—6) M1
_(2x+3)(x—2)(x+1) (2x+3)(x—-2)(x+1) (2x+3)(x-2)(x+1)
Any one linear factor x quadratic
= (2X +3)(X _ 2)(X - 3) Complete factors | A1
(2x+3)(x—-2)(x+1)
X+3
_—X+1 Al @)
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3. The point P lies on the curve with equation y =|n (} x) . The x-coordinate of P is 3.
3
Find an equation of the normal to the curve at the point P in the form y = ax + b, where
a and b are constants.
®)
\. J
6
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dy 1 3
3. == accept — | M1 A1l
dx x 3X
dy 1 : :
Atx=3, —== = m'=-3 Useof mm'=-1 | M1
dx 3
y—Inl=-3(x-3) M1
y=-3x+9 Accept y=9-3x | Al 5)
[5]
g—yzsi leading to y =-9x+ 27 is a maximum of M1 A0 M1 M1 A0 =3/5
X 3x
4. @) (i) i(es“z)z?,e3X+2 (or 3e’e™) Atany stage | B1
dx
3—y:3x2e3“2+2xe3X+2 Or equivalent | M1 A1+A1
X
(4)
. d 3\ _  ay2ai 3
(ii) &(COS(ZX ))_—6x sin(2x°) Atany stage | M1 A1l
—18x%sin(2x%)—-3cos(2x*
ﬂ: ( )2 ( ) M1 Al (4)
dx 9x
Alternatively using the product rule for second M1 Al
y=(3x)" cos(2x°)
dy -2 3 2 -1 3
— =-3(3x) " cos(2x”)—6x"(3x) sin(2x
oy = ~3(3) “o0s(2x°) ~6¢* (3¢) "sin 2x')
Accept equivalent unsimplified forms
(b) 1:8cos(2y+6)d—y or %:8005(2y+6) M1
dx dy
dy _ 1
dx 8cos(2y+6) ML AL
dy _ 1 [_(+)—1 J
N —x2 M1Al1 (5
SCos(arcsin(ZD 2\/(16 X ) ()
[13]
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4.

() Differentiate with respect to x

(I) X2é’>x+2,
(ify €oS(2X)
3X

(b) Giventhat x =4 sin(2y + 6), find % in terms of x.
X

4

(4)

®)

N
Leave
blank

8
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dy 1 3
3. == accept — | M1 A1l
dx x 3X
dy 1 : :
Atx=3, —== = m'=-3 Useof mm'=-1 | M1
dx 3
y—Inl=-3(x-3) M1
y=-3x+9 Accept y=9-3x | Al 5)
[5]
g—yzsi leading to y =-9x+ 27 is a maximum of M1 A0 M1 M1 A0 =3/5
X 3x
4. @) (i) i(es“z)z?,e3X+2 (or 3e’e™) Atany stage | B1
dx
3—y:3x2e3“2+2xe3X+2 Or equivalent | M1 A1+A1
X
(4)
. d 3\ _  ay2ai 3
(ii) &(COS(ZX ))_—6x sin(2x°) Atany stage | M1 A1l
—18x%sin(2x%)—-3cos(2x*
ﬂ: ( )2 ( ) M1 Al (4)
dx 9x
Alternatively using the product rule for second M1 Al
y=(3x)" cos(2x°)
dy -2 3 2 -1 3
— =-3(3x) " cos(2x”)—6x"(3x) sin(2x
oy = ~3(3) “o0s(2x°) ~6¢* (3¢) "sin 2x')
Accept equivalent unsimplified forms
(b) 1:8cos(2y+6)d—y or %:8005(2y+6) M1
dx dy
dy _ 1
dx 8cos(2y+6) ML AL
dy _ 1 [_(+)—1 J
N —x2 M1Al1 (5
SCos(arcsin(ZD 2\/(16 X ) ()
[13]
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5. f(x) = 2 —x—4.
(@) Show that the equation f(x) = 0 can be written as
\/ ( 2 1)
X = —+=|.
X 2
©)
The equation 2x3 —x — 4 = 0 has aroot between 1.35 and 1.4.
(b) Usetheiteration formula
_ \/ 2,1
Xn+1 Xn 2 ’
with Xy = 1.35, to find, to 2 decimal places, the values of x;, X, and Xa.
©)
The only real root of f(X) =0is o.
(c) By choosing a suitable interval, prove that o = 1.392, to 3 decimal places.
©)
\ J

I
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, 4 . .
5. (@) 2x°-1-—=0 Dividing equation by x|: M1
X
ol 4 Obtaining x* = ... M1
2 2X
2 1
X = —+=| * cso | Al 3
\/( X 2) ®)
(b) X, =1.41, x, =1.39,x, =1.39 B1, B1, B1
If answers given to more than 2 dp, penalise first time then accept awrt above. (3)
(c) Choosing (1.3915,1.3925) or a tighter interval M1
f(1.3915) ~ —3x10°°, f (1.3925) ~ 7x10°° Both, awrt | A1
Change of sign (and continuity) = ae (1.3915, 1.3925)
= a =1.392 to 3 decimal places * cso | Al (3
[9]
6. @) Rcosa =12, Rsina=4
R=+(12° +4%) =160 Accept if just written down, awrt 12.6 | M1 A1l
tana = iz = a~18.43° awrt 18.4° | M1, A1(4)
b cos(x+ their a)= ~0.5534 M1
(®) ( a) their R ( )
X + their o =56.4° awrt 56° | Al
= ... ,303.6° 360° — their principal value | M1
X =38.0°, 285.2° Ignore solutions out of range | A1, Al (5)
If answers given to more than 1 dp, penalise first time then accept awrt above.
(c)(i) minimum value is —+/160 fttheir R | B1ft
(i) cos(x+ their ) =-1 M1
X ~161.57° cao | Al 3)
[12]
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6. f(X) =12 cos X — 4 sin X.
Given that f(x) = Rcos(x + o), where R > 0 and 0 < o < 90°,
(@ find the value of R and the value of o
4)
(b) Hence solve the equation
12cosx—4sinx=7
for 0 < x < 360°, giving your answers to one decimal place.
®)
(¢) (i) Write down the minimum value of 12 cosx —4 sin x.
1
(i) Find, to 2 decimal places, the smallest positive value of x for which this
minimum value occurs.
2
\ J
12
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5. (@) 2x°-1-—=0 Dividing equation by x|: M1
X
ol 4 Obtaining x* = ... M1
2 2X
2 1
X = —+=| * cso | Al 3
\/( X 2) ®)
(b) X, =1.41, x, =1.39,x, =1.39 B1, B1, B1
If answers given to more than 2 dp, penalise first time then accept awrt above. (3)
(c) Choosing (1.3915,1.3925) or a tighter interval M1
f(1.3915) ~ —3x10°°, f (1.3925) ~ 7x10°° Both, awrt | A1
Change of sign (and continuity) = ae (1.3915, 1.3925)
= a =1.392 to 3 decimal places * cso | Al (3
[9]
6. @) Rcosa =12, Rsina=4
R=+(12° +4%) =160 Accept if just written down, awrt 12.6 | M1 A1l
tana = iz = a~18.43° awrt 18.4° | M1, A1(4)
b cos(x+ their a)= ~0.5534 M1
(®) ( a) their R ( )
X + their o =56.4° awrt 56° | Al
= ... ,303.6° 360° — their principal value | M1
X =38.0°, 285.2° Ignore solutions out of range | A1, Al (5)
If answers given to more than 1 dp, penalise first time then accept awrt above.
(c)(i) minimum value is —+/160 fttheir R | B1ft
(i) cos(x+ their ) =-1 M1
X ~161.57° cao | Al 3)
[12]
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7. (@) Show that
0 —52%  _osx—sinx,  x#(n-Ymne Z,
COSX+SNnXx (2)
(i) $(cos2x—sin 2x) = coS®> X — COSXSiNX — %.
©)
(b) Hence, or otherwise, show that the equation
c0s20 1
cos6 - ==
cosO +sino 2
can be written as
sin 26 = cos 26.
€©)
(c) Solve, for 0 < < 2r,
sin 20 = cos 20,
giving your answers in terms of 7.
(4)
\ J

I
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7. (a) (i) Use of cos2x =cos® x—sin® x in an attempt to prove the identity. M1
C0S 2X cos? x—sin®x  (cosx—sin x)(cos x +sin x _
— = - :( I - ):cosx—smx* cso | Al (2)
COSX+sSinX  COSX+Ssin X COS X +5in X
(ii) Use of cos2x = 2cos” x—1 in an attempt to prove the identity. M1
Use of sin2x =2sin xcos x in an attempt to prove the identity. M1

%(cost—sin 2x):%(2coszx—1—23in xcosx):coszx—cosxsin x—% ¥ cso |[A1  (3)

(b) cosd(cosd—sinf) = Using (a)(i) | M1

N| -

cos’ 9—cosesin€—%:0

%(cos 20-sin26)=0 Using (a)(ii) | M1
c0s20 =sin20 * Al 3)
(©) tan260 =1 M1
20 = Z, 5—”,9—7[,13—” any one correct value of 260 | Al
4\ 4 4 4
7 :%%%1%” Obtaining at least 2 solutions in range | M1

The 4 correct solutions | A1 (4)
If decimals (0.393,1.963,3.534,5.105) or degrees (22.5°,112.5°,202.5°,292.5°) are [12]

given, but all 4 solutions are found, penalise one A mark only.
Ignore solutions out of range.
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8. Thefunctionsf and g are defined by
fix—>2x+1In2, xe R,
g:x — e xe R.
(&) Prove that the composite function ¢f is
gf :x — 4e*, xe R.
(4)
(b) In the space provided on page 19, sketch the curve with equation y = gf(x), and show
the coordinates of the point where the curve cuts the y-axis.
1)
(c) Write down the range of df.
1)
d
(d) Find the value of x for which &[gf(x)] =3, giving your answer to 3 significant
figures.
(4)
\ J
18
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8 (a) gf (x) =" M1
— e4><e2In2 Ml
— eAlxeln4 Ml
=4e¥ Give mark at this point, cso | Al (4)
(Hence gf : x> 4e™, xell)
(b) ‘
v 1
Shape and point Bl 1)
—/4
@) X >
(c) Range is [ , Accept gf (x)>0,y>0 [B1 (1)
(d) i[gf (x)]=16e*
dx
w_3 M1 Al
16
4x =1In 3 M1
16
X ~—0.418 Al (&)
[10]




