(a)

(b)

(a)

(b)
(i)

8
A curve, defined for x > 0, has equation y = — + 3x.
X

- dy
Find —.
dx

Find an equation of the normal to the curve at the point (2, 7).

A curve is defined for x > 0 by the equation

dy
Find .
.

The point P(4, k) lies on the curve.

Find the value of the integer k.

(i) Find an equation of the normal to the curve at the point P.

(ili) The normal to the curve at P intersects the x-axis at the point O

x-coordinate of O.

. Find the

[3 marks]

[3 marks]

[2 marks]

[1 mark]

[3 marks]

[2 marks]



Q Solution Mark | Total Comment
3(a) i 8y B1 PI by its derivative as 24x~" or —24x~"
x}
dy YAy +3 B2,1 ACF. If not B2, award B1 for either
F T 3 —24x* OEor for kx* +3,k20,32
(b) dy 4 4 ; L dy
At P(2,7) d =-242)"+3 (=1.5) M1 Attempt to find ¢’s — when x=2.
X X
. ) dM1 m*m'= —1 used
Gradient of normal = ——
3
2 Al 3 2 5
Eqn of normal y—7= 3 (x—2) ACFeg y=——Zx+—
Z 3 2
Total 6
Q Solution Mark | Total Comment
2(a) dv 3 L B2.1 ACF. If not B2, award B1 for correct
C— T 42 . .. - - /2
P 3+ E Y . differentiation of either x°'* or 3x—7
(b)(i) (k=) 13 B1 1 13
ii dy 3 1y
L At P(4.k) V3,7 4% (=06) M1 Attempt to find c’s Y when x - 4.
v 2 dx
MO if ¢’s answer (a) is a constant
. . ' dM1 m*m'=—1 used
Gradient of normal = — e
3
_ 1 AlF 3 ACF only ft on ¢’s non-zero value of &
Equ of normal y —13 = 5 (x—4) ie check ¢’s equation is equivalent to
6v+x=4+6/k , for ¢’s non-zero value of &
(iii) . _ 1 ) M1 Attempts to find x when y=0 in ¢’s linear
Wheny=0, 0-13=— 5 (x—4) equation answer to (b)(ii)
x =82 Al 2 82
82 with or without working scores 2/2
Total 8




3

8

(a)

(b)

(c)

(d)

The diagram shows a curve with a maximum point M.

VA
M

=V

()/

The curve is defined for x > 0 by the equation

o] —

y=06%—x-3
iy
Find .
dx
[2 marks]
Hence find the y-coordinate of the maximum point M.
[3 marks]
Find an equation of the normal to the curve at the point P(4, 5).
[3 marks]

It is given that the normal to the curve at P, when translated by the vector [g] ,

passes through the point M. Find the value of the constant .
[3 marks]

1
The point 4 lies on the curve with equation y = x2. The tangent to this curve at 4 is

parallel to the line 3y — 2x = 1. Find an equation of this tangent at 4.
[5 marks]



Q3 Solution Mark | Total Comment
(a) dv . 6 s | = 3005 1 B2,1 ACF. Ifnot B2, award B1 for correct
dx =) KoY T T T differentiation of either 6x'* or —x —3
2
b 36705 1= M1 | oy
() 2 1=0 Evidence of ¢’s d equated to 0 to form
X
an equation in x.
305 — _ AlF . dy 05 1 - 2
? L x=9 Only ftifc’s —=ax > —lie x,, = a’
X
(y-coordinate of M is) 6 Al 3 NMS scores 0/3
c dy M1 ]
() At P(4.5) @ 3(4)™ —1 (=0.5) Attempt to find ¢’s = when x =4.
dx dx
Gradient of normal = —2 ml m*m'= —1 used
Eqn of normal y —5=-2(x —4) Al 3 ACF eg y+2x =13
(d) Translated normal: M1 Either x—x —k or x—x+ kwith no
p—5= _2(;\‘ —k—4) change to v in cand’s eqn of normal seen
or used
Passes through M (9. 6) so
6-5==209-k- 4) ml Subst of ¢’s M coordinates (both +ve) into
cand’s eqn of normal with x—x — & and no
change to v.
k=55 Al 3 A correct value of & with no errors seen.
Qs Solution Mark | Total Comment
2 B1 2
Gradient of the line 3y —2x=11s — (Gradient) — seen or used. Condone 0.66,
o o
) .2
0.67 or better for —.
2
dy 1 s L
a - jx B1 Correct differentiation of x2
1 o5 2 M1 ‘ .
At A4, Ex = c’s —— expression = ¢’s numerical
3 X
gradient of given line.
_1[ 9 3 Al Correct exact coordinates of 4
“l1674,
3 2 9 Al 5 2 3 9
Eqnoftangat 4: v —— ——[r ——] ACF eg y=—x+—oreg 3y—2x=—
T4 03 16 3 8 8
must be exact
Total 5




(b)

(d)

(i)

(ii)

A model car moves so that its distance, x centimetres, from a fixed point O after time
t seconds is given by

1 _
3-2514—181‘2+54r, 0<t<5

Find:
dx
dr’
[2 marks]
d%x
dr?2
[1 mark]

Verify that x has a stationary value when ¢t = 3, and determine, with a reason,
whether this stationary value is a maximum value or a minimum value.
[4 marks]

Find the rate of change of x with respect to 7 in cm per second when ¢t = 1.
[2 marks]

Determine, with a reason, whether the distance of the car from O is increasing or
decreasing at the instant when t = 2.
[2 marks]



Q3 Solution Mark | Total Comment
(@) | [ ax 47 M1 fwo terms correct
[ ar :] Bl 367+ 54 Al 2 all correct
(i) | [ &'~ 2 . FT their &
7 =| 6r—36 B1ft 1 1
dr
b 2 ‘ .
(b) | 427 —36x3+54 , sub 7 =3 into “their” dr
2 M1 dr
=54—-108+54=0 s0 stationary Al shown =0 plus statement
d*x _ o - . dx
when r =3, 7 =(54-36)=18 M1 sub 7 =3 into their 3 and evaluate
o 2
correctly
18>0 therefore minimum (point) Al 4 with correct reason such as dr; =0
()| [ dx , e e dx
—_ 1 —36 S , Sub =1 into “their” —
[df_] 2x1" —36x1+54 Mi ar
=20 Al 2
(d) [ﬁ_ 27%2} _36x2154 =2 M1 Sub =2 into “their” dx
dr di
— 2 < 0 therefore decreasing E1l 2 must have reason (with no incorrect
notation) and all working correct
Total 11




(a)

(b)

(c)

(a)

(b)

A curve has equation y =20x — x> —2x’. The curve has a stationary point at the
point M where x=-2.

Find the x-coordinate of the other stationary point of the curve.
[4 marks]

pl

Find the value of d — at the point M, and hence determine, with a reason, whether M

is @ minimum point or a maximum point.
[3 marks]

Sketch the curve.
[2 marks]

The water level in a reservoir rises and falls during a four-hour period of heavy rainfall.
The height, 7 cm, of water above its normal level, ¢ hours after it starts to rain, can be
modelled by the equation

59
h:4r3—7r2+?2r_ 0<t<4

Find the rate of change of the height of water, in cm per hour, 3 hours after it starts to
rain.

[4 marks]

Find the values of 1 for which the height of the water is decreasing.
[5 marks]



Q2 Solution Mark | Total Comment
(@ dy - M1 two terms correct
[ E =] 20-2x-06x Al all correct
(10—-6x)2+x) (=0) OE Al correct factors or correct use of formula
for correct quadratic possibly multiplied
by —1 or divided by +2
5 20 , . _
(other stationary point when) x ::—; Alcso 4 OE eg o 14, 1.6 butunot %
O
(b) [d—:z] -2-12x B1
\, lY A
[ when x = -2, d_\; } =(—2+24)=22 Bift Sub x=-2 into their ] x‘; and evaluate
correctly
) d?y
2250 therefore minimum (point) E1ft 3 FT their value of T but must have
reason
(c) | Cubic graph through origin with one max | M1 may be reflection of given graph in x-axis
& one min on either side of y-axis for M1
\MV\\ > Al 2 Graph roughly as shown in all 4 quadrants
Qs Solution Mark | Total Comment
(a) dn , M1 two terms correct (may have x for 7)
[E _J 1217 =591+ 72 OE Al all correct — must have ¢
_ . . dh
t=3= L% —J12 %3 —59x3+72 dM1 substituting ¢ = 3 into their m
(108—-177+72=) 3 Al 4
(b) | (Decreasing) =>12¢* —59r+72<0 B1ft FT their % but must have “ <0~
1
(4t —9)(3r—8) M1 attempt at factors or correct use of formula
. 9 8
CVs are (r:)z, (t:)g Al
use of sign diagram or sketch
+ - +
I I
9 ) M1
3 3 9 8
4 3
8
S <I< 3 Al 5 fractions must be simplified & B1 earned

8
may have 7 <— AND

for final A1
no ISW here




1y
The gradient, % at the point (x, y) on a curve is given by
ax

1y |
& 544 27¢ — 612

dx

(a) () Find —=.

(i) The curve passes through the point P(—l%, 4).

Verify that the curve has a minimum point at P.

(b) (i) Show that at the points on the curve where y is decreasing

2x2 —9x — 18>0

(ii) Solve the inequality 2x2 — 9x — 18 > 0.

[2 marks]

[4 marks]

[2 marks]

[4 marks]



Q7 Solution Mark | Total Comment
(@) | (dy R M1 one term correct
[E —] —2x—9x Al all correct ( no +¢ etc)
dy i
when x=-2 , —=(4-36=)-32 _
dx (4-36=)-3 Al
v ="their —32"x+ ¢ & attempt to find ¢ ml or v—24="their —32"(x——-2)
using x =-2 and v =24
y==32x-40 Al 5 must write in this form: no ISW here
(i) -2 OE
y=0=x= 4 B1F 1 strict FT from their answer to (a)(i)
(b)(i) o3yt M1 two terms correct
4x— 3 (+e) Al all correct
3 ] 4
[4 x1_ lT _ ﬂ} _
34 m1 “their” F(1) — F(-2)
A A oyt
|:4 ( ’})_ﬂ_:,( 2) }
3 4
1 3 8 48 Al correct with powers of 1 and (-2) and
P O s S SioTs ectly
3 1 3 4 minus signs handled correctly
81 243
25 22
~204 Al 5 20.25 , T OE
(ii) | Area of missing triangle =(Lix24x3=)9 B1 or correct single equivalent fraction
Area of region = “their”(b)(i) —their” A M1 “their” (204 -9)
. 45 135
25 =
114 Al 3 11.25 | YRR
Total 14




The diagram shows a cylindrical container of radius » cm and height 4cm. The
container has an open top and a circular base.

~_

hcm

rcm

The external surface area of the container’s curved surface and base is 487 cm?.

When the radius of the base is »cm, the volume of the container is V' cm?.

(a) (i) Find an expression for / in terms of r.

[3 marks]
T
(i) Show that V = 24mr — 5;-3.
[2 marks]
/.
(b) () Find —.
dr

[2 marks]

(i) Find the positive value of r for which }' is stationary, and determine whether this
stationary value is a maximum value or a minimum value.
[4 marks]



Q6 Solution Mark | Total Comment
(a)(i) (S4=) 7r* +27rh B1 correct surface area
7’ +2nrh =487
N RT S B R M1 equating “their” S4 to 487
and attempt at /i =
48 — 72 . i—24 r OE
= > Al 3 or n= ]_ — E
(i) V=nr’h=..
— 2 f(r) M1 correct volume expression
- & elimination of / using “their” (a)(i)
o[ 4877 i
V=nr 3, ] =247r— ?""3 Al 2 AG ( be convinced)
(b)(i) [ dr :] 247 _E,T,.l M1 p one term correct
dr 2 Al all correct, must simplify 7°
H ? 2 2 48 . - d s
(i) | 247277 =0= " =% M1 “their” — =0 and attempt at /"= ..
2 3T r
=4 Al from correct ™
A B1./ FT “their” -
dr* 2 dr
LI: <0 whenr=4 — Maximum Alcso 4 explained convincingly, all working and
dr” notation correct
Total 11




3 (a) Describe a sequence of two geometrical transformations that maps the graph of

v = Inx onto the graph of y = In(3x + 4).
[4 marks]

(b) The normal to the curve y = In(3x + 4) at the point P(2, In 10) intersects the x-axis
at the point 4.

Find the exact value of the x-coordinate of 4.
[4 marks]



Q3 Solution Mark | Total Comment
(a) Stretch I
Parallel to x-axis 1I M1 ITand ITor IIT (or line y = 0)
SF 1/3 111 Al I+1T+ 100
then
Translation L\J Bl
k=—4/3 Bl
OR
) Ik
Translation 0 (B1)
kF=—4 (B1)
then
Stretch I (M1)
Parallel to x-axis 1I
SF1/3 1 (A1) As above
OR (e1ther order)
, k| (B1)
Translation 0
- (B1)
k=—4/3
. 0|
Translation ; (M1)
k=In3 (A1)
4
(b) &3
dx 3x+4 M1
Atx=2. Gradient=0.3
Al
Equation of normal:
10
y—Inl0=——(x-2 /
i 3 ( ) M1 Allow —1/(their grad)
Intersects x — axis:
x=03n10+2 ACF Al




10 The diagram shows the curve y =e”* | intersecting the y-axis at the point 4, and the
tangent to this curve at the point B, where x =In4, intersecting the x-axis at the point C.

(a) (i) Find an equation of the tangent to the curve at B.
[3 marks]

1
(i) Hence show that the coordinates of C are (ln 4—5, 0).
[1 mark]



Q10 Solution Mark | Total Comment
(a)(i) x=Ind4, y=e™*
nl6 _\
y=le" " =]16
r=(*) B
d}' 2x
R M1
y—16=32(x—1In4) OE Al With no exponentials
3
(i) L=0] - % —_In4 Must see this line oe
4
1
x=In4-—
2 B1 AG All correct and no errors seen. Must
or be using a correct equation from (i),

[x=In4-0.5]
y—16=32(In4-0.5—-1n4)
y=32x-05+16=0

bl . -
(condone e*™* unsimplified)




4 (a)

(b)

v =-¢”* onto the graph of y =¢

Describe a sequence of two geometrical transformations that maps the graph of
2x—5

[4 marks]

The normal to the curve y = ¢ at the point P(2, ¢™!) intersects the x-axis at the
point A and the y-axis at the point 5.

2 m
. (et + 1 .
Show that the area of the triangle OAB is % where m and n are integers.

e
[6 marks]



Q4 Solution Mark | Total Comment
Stretch I
[Parallel to] x[-axis] 1I
(or line y = 0) M1 Tand 1T or TTT
[SF] 0.5 11 Al [+1I+ 10
then
. e . (~ud Strete ar: [ -axis
Translation {0} M1 or (2") Stretch [parallel to] y[-axis]
2.5
0 Al SF ¢’
(for the “2 stretch’ method, if the y’
OR L . -
i direction stretch is first. marks can
Translation { } (M1) only be earned if there is a second
0 stretch in “x” direction.
5 (A1) The stretches can be 1n either order)
0
then
Stretch I
[Parallel to] x[-axis] II (M1) Iand IT or III
[SF]0.5 I (A1) 4 |I+II+1I0
dy 2x-5
— =2
dx B1
Grad normal = —% BIF ) S .
their gradient Condone expression in terms of x
(equation normal)
-1 <
y—e =——(x-2) oe
2 Bl Must be exact values
(At4 y=0)
x=2+ 2 oc M1 Attempt to find at least one intercept
(AtB x=0) trcgn _thelr '11_01j1ne11_ s'1_1bst \ = 0 or
, v =0 1n any straight line equation
1 e +1
y=et—= oe Al Both x and y values correct
e e
2 - 4 2
(Area=) 0.5x (e +1) X 20 26 )J
e e
2 2
_ e+l Al
e3
6
Total 10




(b) A curve has equation y = f(x) where f(x) = 61Inx + x> — 8x + 3.

(i) Find the exact values of the coordinates of the stationary points of the curve.

[5 marks]

(ii) Hence, or otherwise, find the exact values of the coordinates of the stationary points
of the curve with equation

It is given that

Find, in simplest form

dy
(a) »

d’y

(b) o

(¢) Find the value of

y =15x +108x? + 4x2

=

dzy

dx’®

V=

when x =9

2f(x — 4)

1

5

[2 marks]

x>0

©))

2)

)



bi dy 6 6\'5
—=—+2x-8 - Condone —
dv  + B1 G
d_}' 2 . .
( o 0) 6+2x" -8x=0 M1 Equate to zero (PI) and eliminate their
fraction correctly.
x=1, x=3 Al
(x=1), y=—4 Al
(x=3), y=6In3-12 or In729-12 Al Oe for other exact correct values
g 5
I£ MO then SC1 for ( 1. -4 ) and/or
(3.6In3-12)
i x=5, y=-8 M1 theirx + 4 and 2xtheir y on either of
their “pairs’
x=17 »=12In3-24 -
i ) i Al 2 All correct ©  oe exact
Qllestl()l} Scheme Notes Marks
Number
2.(a) For 15x D15 or % — x Y or e - pe: M1
Any 2 correct terms, may be simplified or
S Al
unsimplified.
dv ) I All correct and simplified on one line.
(—\ _} 15+54x * +10x7 Allow equivalent forms for the powers of x e.g.
1 | 1
—. — for x Al
e
Vi, xfx for a7
[3]
(b) For x" —> x" on one of their terms from (a) :
. M1
, but not for £ 2 0
dy 3.1 or ‘ect simplified answer ' '
{ Y _ J—Z?x } 115+ Fora corjlect sulnphhed answer on one line or
dx for Ax7 + Bx” where 4 and B are simplified Alft
and follow their “54” and “10” from (a) all on
one line.
2]
Penalise the occurrence of “+ ¢” in (a) or (b) only once and penalise it the first time it occurs.
(c) d2v
Whenx=9, | —= [-1+45=44 44 only Bl
dx-
[1]
6 marks




=V

Figure 1

Figure 1 shows a sketch of part of the curve H with equation

y=£+5 x#0
x

(a) Find an equation for the normal to H at the point 4 (-2, —1), giving your answer in
the form ax + by + ¢ = 0, where a, b and c are integers.

®)

The points B and C also lie on the curve H.

The normal to H at the point B and the normal to H at the point C are each parallel to the
straight line with equation 4y = 3x + 5

(b) Find the coordinates of the points B and C, given that the x coordinate of B is positive.
®)



Question

Number Scheme Notes Marks
9.(a) 12 dy 12 12k 5 .
y=-"43 :>;1:7_7 ——>—2(or kx’) M1
x dx X x X
dv 12 oLt 3 ay be impli 7 later
Afy=n o _ 12 o Correct value (may be implied by later Al
dx 4 work)
Correct application of the perpendicular
gradient rule. May be implied by use of
o o 12( 1 .
Gradient of normal is —1+——| == 1 . . M1
41 3 T as the normal gradient for those
candidates who think the gradient is 12.
1
yHl="2"(x+2)
031, A correct straight line method using their
1 changed gradient and the point (=2, —1). M1
y="="x+c and This must follow use of calculus to find the
| 2 gradient.
~1="2"(2)+e=>e=
ol
. Correct equation in the required form.
-x+1=0 R e el Al
(Allow any integer multiple)
[5]
(b) . ... .3 o 4 .
Gradient of given line is n May be implied by use of —— Bl
; 3
23 Sets up a correct equation using what they
—=—=x= think is the gradient of the given line and MI1
124 attempts to solve.
x=+3 Both correct values required Al
Uses at least one x to find a value for v
12 . 2
X=.—=>—+5= using y=—+35. dM1
x X
Dependent on the first method mark.
(3.9and (-3.1)
ore.g. . :
x=3.y=9 Correct coordinates correctly paired Al
x=-3v=1
(5]

10 marks




10.

Not to
B scale

e
Figure 3

Figure 3 shows a sketch of part of the curve C with equation

1 27
y=—x+—-12, x>0
2 X

: : . 3
The point 4 lies on C and has coordinates (3, - 5) :

(a) Show that the equation of the normal to C at 4 can be written as 10y = 4x — 27

)
The normal to C at 4 meets C again at the point B, as shown in Figure 3.

(b) Use algebra to find the coordinates of B.

n

(3



Question

Number Scheme Marks
o1 2
MI: — or ——
2 X~
dv 1 27 dv 1 27
10(a —=——— Al: —=——— MIAI
(@) dvy 2 ¥ dv 2 ¥
1 5
oe e.g. —x°—27x7
2
y 127 5 Substitutes x = 3 mto theirE to .
x=3=>-"—=———=|—— dx MI
dx 2 9 2 . : .
obtain a numerical gradient
The correct method to find the
i . equation of a normal.
5
S =_1+—= 1. 3
M =y =1 b Uses ——— with (3,—;} where
3\ 2 my < MI
=) —( —EJ = ;(\ -3) m, has come from calculus. If using
v = mx + ¢ must reach as far as ¢ =
107 — 43 27 % C s0 (correct equation must be seen Al*
g in (a))
)
(b) Equate equations to produce an
1 7 Ax_27 equation ‘]11.8'[ in x or just i y. Do not
—x+—-12= 1, _ 4x-27
) x 10 allowe.g —x" +27—12x=—
. 2 10 .
o L 27 . 4x-27 M
= 10y+27 108 Unless —x+=——12=——"—was
: 8 10y +27 <X o
seen previously. Allow sign slips
only.
Correct 3 term quadratic equation
¥’ —93x+270=0 (or any multiple of). Allow terms on
or both sides e.g. x* —93x=-270 Al
207" =636y —-999 =0 (The “= 0" may be implied by their
attempt to solve)
(x—90)(x—3)=0=x=..o0r
2 =2
= 93+93" —4%270 or Attempt to solve a 3TQ (see general
2 guidance) leading to at least one for IM1
(10y—333)(2y+3)=0=y=... or | x ory. Dependent on the first
536+,J636° —4x20x(—999) | method mark.
V=
' 2x20
Cso. The x must be 90 and the y an _
x=90 or y=33.3 oe equivalent number such as e.g. 333 | Al
10
Cso. The x must be 90 and the y an
x=90 and y=33.3 oe equivalent number such as e.g. 333 | Al
10




Given

4
r=Ax+—+4, x>0
) X N

y . : :

find the value of K when x = &, writing your answer in the form a+2, where a 1s a
: X

rational number.

®)



Question
Number

Scheme

Marks

2.

1 1

yedr b 4= ax 214
N x

Decreases any power by 1. Either
1 1 1 23
x> »>x’0orx?—x?or4-0or

th theirn—1 £ o
" x"" for fractional n.

Ml

Correct dertvative, simplified or un-
simplified including indices. E.g.
allow 1 —1for —I and allow —1 -1

for —%

Al

1 2 1 2

J‘

Attempts to substitute x = 8§ into
their ‘changed’ (even integrated)
expression that is clearly not y. If
they attempt algebraic manipulation
of their dy/dx before substitution,
this mark 1s still available.

Bl: R = 24/2 seen or implied
anywhere, including from
substituting x = 8 mto y. May be
seen explicitly or implied from e.g.
8% =167 or & 1283 or

45 =82

Al: cso —J_or ‘ljb_’md allow

32
512
Apply 1sw so award this mark as
S00N as a correct answer is seen.

. . L1
rational equivalents for — T

Ml

BIAI

(S marks)




10.
v4

I
Q
B 4

Figure 2
Figure 2 shows a sketch of part of the curve y = f(x), x € R. where
f(x)=(2x =57 (x +3)
(a) Given that

(1) the curve with equation y = f(x) — k, x € R, passes through the origin, find the
value of the constant .

(11) the curve with equation y = f(x + ¢), x € R, has a minimum point at the origin,
tind the value of the constant c.
)

(b) Show that f'(x) = 12x* — 16x — 35
3)

Points 4 and B are distinct points that lie on the curve y = f(x).

The gradient of the curve at A4 1s equal to the gradient of the curve at B.

Given that point 4 has x coordinate 3

(c) find the x coordinate of point B.



10.(a)(i)

M1: Attempts to find the V' intercept.
Accept as evidence (—5)2 % 3 with or
without the bracket. If they expand
() to polynomial form here then
they must then select their constant

to score this mark. May be implied
by sight of 75 on the diagram.

Al: k=75.Must clearly be identified
as k. Allow this mark even from an
incorrect or incomplete expansion as
long as the constant A= 75 is
obtained. Do not isw e.g. if 75 is seen
followed by k= -75 score M1AO.

MIAI1

(i)

only

c=

() ¥

5
c==oe (and no other values). Do

not award just from the diagram —
must be stated as the value of c.

Bl

(b)

f(x)=2x-5)"(x+3) = (4.\‘3 —20x+ 25] (x+3)=4x’ —8x" —35x+75
Attempts f(x) as a cubic polynomial by attempting to square the first
bracket and multiply by the linear bracket or expands (2x—3)(x+3)and
then multiplies by 2x—35
Must be seen or used in (b) but may be done in part (a).
Allow poor squaring e.g. (2x—3)" =4x" +25

M1

(f'(x)=)12x" —16x—35%*

MI1: Reduces powers by 1 in all terms
including any constant — 0

Al: Correct proof. Withhold this
mark if there have been any errors
including missing brackets earlier e.g.
(2x =5 (x+3) =4x" - 20x+25(x+3) =...

MIAL*

©

£1(3)=12x3>—16x3—35

Substitutes x = 3 into their f'(x)or
the given f'(x). Must be a changed
function i.e. not into f{x).

M1

12x* —16x—35="25"

Sets their f'(x) or the given f'(x)=
their £'(3) with a consistent .

Dependent on the previous method
mark.

dM1

12x* —16x—60=0

12x" —16x—60 = 0or equivalent 3
term quadratic e.g. 1237 —16x=60.
(A correct quadratic equation may be
implied by later work). This is cso so
must come from correct work —i.e.
they must be using the given f'(x).

Al cso

(x—3)(12x+20) =0 = x=...

Solves 3 term quadratic by suitable
method — see General Principles.
Dependent on both previous
method marks.

ddM1

x= —% oe clearly identified. If x =3

is also given and not rejected. this
mark is withheld.

(allow -1.6 recwrring as long as it is
clear i.e. a dot above the 6). This is
cso and must come from correct
work — i.e. they must be using the

given f'(x).

Al cso

&)




Given that

! 3

, o, o7 2xT =T

y=3x"+6x*+——, x>0
3Vx

dy .. : o
find —. Give each term in your answer 1n 1its simplified form.

d ©)



Attempts to split the fraction into 2 terms
and obtains either @ x¥ or @x . This may
be mmplied by a correct power of x in their
differentiation of one of these terms. But

-1 .
beware of fx * coming from
2x° -7 _

Wx

-1
2x° —7+3x ¢

M1

Differentiates by reducing power by one for
any of their powers of x

M1

Al: 6x. Do not aceept 6x'. Depends on
second M mark only. Award when first seen
and isw.

Al: 2x . Must be simplified so do not
2

3f 2
X

on second M mark only. Award when first
seen and isw.

. Depends

2
accept e.g. ?f% but allow

Al: Zx'. Must be simplified but allow e.g.

W | LA

2 s 5 3 ~
lgx“or e.g EJF . Award when first seen

and 1sw.

Al: %x"':'_ Must be simplified but allow e.g.

1 _u 7
1—x7 oreg. — . Award when first
6 64 x

seen and 1sw.

ATATATA]

In an otherwise fully correct solution, penalise the presence of + ¢ by deducting the final

Al

[6]




11. The curve C has equation y = 2x* + kx* + 5x + 6, where k is a constant.

. dy
F d e
(a) Fin i

(09
The point P, where x = -2, lies on C.
The tangent to C at the point P is parallel to the line with equation 2y — 17x -1 =10
Find
(b) the value of £,

C))
(c) the value of the y coordinate of P.

(09

(d) the equation of the tangent to C at P, giving your answer 1n the form ax + by + ¢ =0
where a. b and ¢ are integers.

@)



Lovussaacoea

11. (a)

V=2 Hhr H5x + 6

M1: x" — x" for one of the terms including

[ d d A 2
di: 6x° + 2kx +5 60 M1 Al
e Al: Correct derivative
[2]
b 17 . -
®) Uses or states — or equivalente.g. 8.5.
) ! .. . - . ‘
Gradient of given line 1s — Must be stated or used in (b) and not just Bl
2 171
seen as part of y=—x+—.
] 2 2
|’ dy —6(=2) +2k(=2)+5 Substitutes x = -2 mto their derivative (not M1
Ldx S, the curve)
dM1: Puts their expression = their g
(Allow BOD for 17 or -17 but not the
17 41 ‘adi and solves i
R AN I LATS) | nonnal‘ gradient) and solves to ob‘ran} a dMI AL
2 8 value for k. Dependent on the previous
method mark.
Al: H or 51 or 5.125
8 8
Note:
6x% + 2kx+5= % x +% scores no marks on its own but may score the first M mark if they
substitute ¥ = -2 into the lhs. If they rearrange this equation and then substitute x = -2, this scores
no marks.
[4]
© MI: Substitutes x = -2 and their numerical &
1 mtoy=...
y=—16+4k—-10+6=4"k"-20=— MI Al
: 2 . 1
< Al: y==
2
Allow the marks for part (c) to be scored in part (b).
[2]
(d) ol 17 e M1: Correct attempt at linear equation with
Y- a2 (x="2)= -17x+2y-35=0 their 8.5 gradient (not the normal gradient)
. . 1
or using x = -2 and their 5
MI Al

v 2"%".\‘4-(‘:)(‘=...:>—]7.\”+2_1'—35 =0

or
2y—17x=1+34>—17x+2y—-35=0

Al: cao (allow any integer multiple)

121




6. The curve C has equation

x#0

. (x> + 4)(x = 3)
i 2x ’

(a) Find % in its simplest form.
X

®)
(b) Find an equation of the tangent to C at the point where x = -1

Give your answer 1n the form ax + by + ¢ = 0, where a, b and ¢ are integers.

®)



(¥ +4)(x—3)=x" —3x" +4x 12

Attempt to multiply out the
numerator to get a cubic with 4
terms and at least 2 correct

M1

¥ =37 +4x—12 3

2
x° 3 _
=———x+2—-6x
2 pl

2x 2

1

M1: Attempt to divide each term
by 2x. The powers of x of at least
two terms must follow from their
expansion. Allow an attempt to
multiply by 2x

Al: Correct expression. May be
un-simplified but powers of x must
be combined

2 3

by X
e.g. —not —
2 2x

MIA1

6
t—
X

2 ¥
237 =3x 412

2 \'2

dy
— =
dv

o |t

oe e.g.

ddM1: x" —x"or 20
Dependent on both previous
method marks.

3 6 .
Al: x——+—-oe and isw
2 X
i

X
Accept 1x or even 1x' but not -

and not x°. If they lose the previous
Al because of an incorrect
constant only then allow recovery
here and in part (b) for a correct
derivative.

ddMI1ALl

(5)

(b)

Correct value for y

Bl

MI1: Substitutes x = —1 into their
expression for dy/dx

Al: 3.50ecso

MIA1

Uses their tangent gradient which
must come from calculus with

x =—1and their numerical v with a
correct straight line method. If
using y = mx + ¢. this mark is
awarded for correctly establishing a
value for c.

M1

2yv—=Tx—=27=0

+k(2y—7x—27)=0cso




ymetres

xmetres
x metres

- ymetres

4— xmetres ———»

Figure 4

Figure 4 shows a plan view for a flower bed. Its shape is an equilateral triangle of
side x metres with three congruent rectangles attached to the triangle along its sides.
Each rectangle has length x metres and width y metres, as shown in Figure 4.

Given that the total area of the flower bed is 3 m? and that 0 < x < 2.632 (3d.p.),

(a) show that the perimeter P metres, around the outside of the flower bed, is given by
the equation

6 3

P=3x+—-——-
X X 2.%'

(6)

(b) Use calculus to find the minimum value of P, giving your answer to 3 significant
figures.

)

(¢) Justify, using calculus, that the value you have found in part (b) is a minimum value.

2)



10(a)

()

(c)

7. 5 1 , - 2
{14:}%3{‘511]60 + 33(} or :.‘{' .‘F—%-}— 31{1

v

37 1 3x
4 x 12

(P=}3x+6y

( YR
P= 3x +6'l— \/:r
(x 12

6 3
So P=3x+—— £,\“
¥

#

)44

e —_
2
dx

x 2

Puts their P’ =0 and attempts to solve for x”or x

= = - 20+443 or 1.68
6-3 11

= P=7.16... (m)

d’p

e > 0 = Minimum
2

“I5

M1 Al

Al

Bl

M1

Al*
(6)
M1 Al

M1

Al

Al

(3)
M1
Al )
(13 marks)



Diagram not
drawn to scale

ym

Figure 4
Figure 4 shows a plan view of a sheep enclosure.

The enclosure ABCDEA. as shown in Figure 4. consists of a rectangle BCDE joined to an
equilateral triangle BFA4 and a sector FEA of a circle with radius x metres and centre F.

The points B. F and E lie on a straight line with FE = x metres and 10 < x < 25

(a) Find. in m? the exact area of the sector FEA, giving your answer in terms of x, in its
simplest form.

2)
Given that BC =y metres, where y > 0, and the area of the enclosure is 1000 m?,
(b) show that
500 «x
y=——-—[(47+ 343
’ X 24( \/_)
©))
(c) Hence show that the perimeter P metres of the enclosure 1s given by
p=10% 0 X (4136 -345)
X 12
©))

(d) Use calculus to find the minimum value of P, giving your answer to the nearest metre.

®)

(e) Justify, by further differentiation, that the value of P you have found is a mmimum.

2)



9. (a)

1 D s
Exz % Y or ——x 7x” simplified or un-
1 2 T’ R
Area(FE4) = —x° — |i= 3 simplifie
J Z T TTTTTTTTT T,
X
3

| .
4=} —x*sin60 +—7zx’ +2xy o S
{}2\5111 __________ T Y ______ \ 1__Q_n}e_ct_exp1ess101lto1atleastnvotemlsofi
3x° : 5 3x ;
l000= Y3X A 500 Bx
4 R ’ X 8 6
5 Correct proof.
_1-‘:£—L[4H+3\/§) e P
x

Correct expression in x and y for
their  measured in rads

y= 2[ 500 i(-lrr 233 )] Substitutes expression from (b) mto
X v term.
X X 3 . 3
P 3y . 27X 1000 ax 3 1000 o ozx 3
3 x 3.4 X 3 4
1000 x .
P= . + —(47+36 —3\6) Correct proof.
Parts (d) and (¢) should be marked together |
1000 A
dp__looo =2 +4':T+36_3-\/§ _0 _____________________________________‘\C ________ ‘_Y_g____
F x 12 T Correct differentiation

... (need not be simplified).
Their P'=0

__100002) orawrt 17 (may be
A7 +36-33

= x= /% (= 16.63392808...)
47 + 306 — 3+/2
{p - (;Z‘f - <‘6'1‘5j'“)(4,7 436 - 3\/5)}-: P =120236.. (m) awrt 120

d_l - 2000 > 0 = Minimum

g g gy e g

Al*




9. A solid glass cylinder, which i1s used in an expensive laser amplifier, has a
volume of 75 & cm?®.
The cost of polishing the surface area of this glass cylinder is £2 per cm? for the curved
surface area and £3 per cm? for the circular top and base areas.

Griven that the radius of the cylinder 1s 7 cm,
(a) show that the cost of the polishing, £C, 1s given by

C = 6mr’ + 3007

r

4)

(b) Use calculus to find the mimimum cost of the polishing, giving your answer to the
nearest pound.

®)

(c) Justify that the answer that you have obtained in part (b) 1s a minimum.
)]

4 VA
Not to scale
C
/l
Y x
/A B
Figure 1

Figure 1 shows a sketch of part of the curve C with equation
y=eZ>+x2-3

The curve C crosses the y-axis at the point 4.

The line / 1s the normal to C at the point 4.

(a) Find the equation of /., writing your answer 1n the form y = mx + ¢, where m and c are
constants.
®)



Either: (Cost of polishing top and bottom (two circles) is )3 x 277> or (Cost of polishing .
9. (a) . . Bl
curved surface area is) 2 x 277k or both - just need to see at least one of these products
IRY4 75
Uses volume to give (/7 =) /q or (h :)—z (simplified) (if ¥ is misread — see below) | Blft
e r
1
N 75 | Substitutes expression for / into area or
(C)=6mr +4ar 2 : cost expression of form Ar” + Brh Ml
: 3007 ' AL*
C=6xr+ * ’
- 4)
ac | 3007 _ - .
=t 1272r — ' -3 - / .
®) { " } Tr = or 127r —300zr" (then isw) M1 AL ft
127r — DO?E =0 so 7" =value where k =+2,+3,+4 dM1
r
%
Use cube root to obtain = (rheir32 )’ (=2.92)- allow r = 3, and thus C = ddM1
Then C = awrt 483 or 484 : Alcao
i )
dc 6007 . o
(c) = 127 + ——> 0 so minimum i BIlft
dr” r i
_ i (1)
| ol
dy 2 _
4.(a —=-2¢ " 42x MIAI
@ dx
dy dv 1
Atx=0 —=-2=—=— M1
dx dy 2
: . . | | .
Equation of normal 1s y—(=2) = ;(;r— 0) >y= 3:\‘— 2 MI Al

®)




n

=Y

17T\

Figure 2

Figure 2 shows a sketch of part of the curve C with equation
_ 3x o
y=2In(2x + 5) - TR x>-25
The point P with x coordinate -2 lies on C.

(a) Find an equation of the normal to C at P. Write your answer in the form
ax + by = ¢, where a. b and ¢ are integers.

®)

The normal to C at P cuts the curve again at the point Q. as shown in Figure 2.

(b) Show that the x coordinate of O is a solution of the equation

X= %1n(2x+5)—2
3)



5.(a) |AtPx=-2=y=3 Bl

db__4 3 M1, Al
dv 2x+5 2
dy 5 2
—_ =—= Equation of normalis y—'3'=—=(x—(-2 M1
de[_, 2 d : 5 (x=(=2))

=2x+5y=11 Al

)

(b) Combines Sy +2x =11 and y=2In2x+5) - T\ to form equation in x

“

5(2h1(23.‘+5)—37x}+ 2x=11 MI
—>x= %ln(2x+ 5)-2 dM1 AT*




