Practice examination questions for differentiation

1. Jan 2005

. . 2
1 A curve is defined for x > 0 by the equation y =x +—.
X

. . dy
(a) (i) Find 2. (3 marks)
dx
(i) Hence show that the gradient of the curve at the point P where x = 2 is %
(1 mark)
(b) Find an equation of the normal to the curve at this point P. (4 marks)
2. June 2005
7 A curve is defined, for x > 0, by the equation y = f(x), where
8
x® =1
f‘ X
0 ="
PO .
(a) Express =— in the form x? —x7, where p and ¢ are integers. (2 marks)
X
(b) (i) Hence differentiate f(x) to find f'(x). (2 marks)
(ii) Hence show that f is an increasing function. (2 marks)
(¢c) Find the gradient of the normal to the curve at the point (1, 0). (3 marks)

3. Jan 2006

.

dv
1 Given that y = 16x +x~ !, find the two values of x for which I‘ 0. 5 marks)
.

4. Jan 2006

8 A curve, drawn from the origin O, crosses the x-axis at the point 4(9,0). Tangents to the
curve at O and 4 meet at the point £, as shown in the diagram.

Va

/

0 4(9.0)

>
X




The curve, defined for x = 0, has equation

[

— 3x

dy
(a) Find —‘ (2 marks)
dx

d g
(b) (i) Find the value ofd% at the point O and hence write down an equation of the
X

tangent at O. (2 marks)
(ii) Show that the equation of the tangent at A(9,0) is 2y = 3x — 27. (3 marks)

(iii) Hence find the coordinates of the point P where the two tangents meet. (3 marks)
3
(¢) Find J(xz — l\') dx. (3 marks)

(d) Calculate the area of the shaded region bounded by the curve and the tangents OF and
AP. (5 marks)

5. June 2006

7 At the point (x, y), where x >0, the gradient of a curve is given by

dy 116
— =3 -7
dx : +x2
. . dv
(a) (i) Verify that I 0 when x = 4. (1 mark)
X
. . le . r . .
(ii)  Write — in the form 16x*, where £ is an integer. (1 mark)
X
) d2_1-‘
(1)  Find o2 (3 marks)
X

(iv) Hence determine whether the point where x = 4 is a maximum or a minimum,
giving a reason for your answer. (2 marks)

(b) The point P(1,8) lies on the curve.

(i) Show that the gradient of the curve at the point P is 12. (1 mark)
(i1) Find an equation of the normal to the curve at P. (3 marks)
- 116
(¢) (i) Find |(3x +—=- 7) dx. (3 marks)
X

(i1) Hence find the equation of the curve which passes through the point P(1,8).
(3 marks)




6. Jan 2007

6 A curve C is defined for x >0 by the equation y = x+ | + 12 and is sketched below.
X

o Tx
. . 4 Vv
(a) (i) Given that y =x+ 1+ —, find —. (3 marks)
x2 dx
(ii) The curve C has a minimum point M . Find the coordinates of M

(4 marks)
(i11) Find an equation of the normal to C at the point (1, 6).

(4 marks)
. . 4
(b) (i) Find J(\ +1 +—2) dx.
X

(3 marks)
(i1) Hence find the area of the region bounded by the curve C, the lines x
x =4 and the x-axis.

1 and
7. June 2007

(2 marks)
5

A curve is defined for x > 0 by the equation

(-3
v 14+-—

X
The point P lies on the curve where x

2.
(a) Find the y-coordinate of P.

(1 mark)
2 2
(b) Expand (1+,) .
X

(2 marks)

dy
Find —.

(¢) Fin o

(3 marks)

(d) Hence show that the gradient of the curve at P is —2.

(2 marks)
(e) Find the equation of the normal to the curve at £, giving your answer in the form
x+ bv+c¢ =0, where b and ¢ are integers.

(4 marks)




8. Jan 2008

5 A curve, drawn from the origin O, crosses the x-axis at the point P(4,0) .

The normal to the curve at P meets the y-axis at the point O, as shown in the diagram.

V A M
P(4,0)
0 X
0
The curve, defined for x = 0, has equation
1 3
v=4dx? —x?
. Coody
(a) (1) Find —. (3 marks)
dx
(i1) Show that the gradient of the curve at P(4,0) is —2. (2 marks)
(iii) Find an equation of the normal to the curve at P(4,0). (3 marks)

(tv) Find the y-coordinate of Q and hence find the area of triangle OPQ. (3 marks)

(v) The curve has a maximum point M. Find the x-coordinate of M. (3 marks)

1 3
(b) (1) Find J(4,\2 — ,\2> dx. (3 marks)

(i1) Find the total area of the region bounded by the curve and the lines PQ and QO.
(3 marks)

9. June 2008

1 (a) Write Vx3 in the form x* . where & is a fraction. (1 mark)

(b) A curve, defined for x = 0, has equation
y=xr— a3

dy
(i) Find (ii (3 marks)
x

(ii) Find the equation of the tangent to the curve at the point where x = 4, giving
vour answer in the form v = mx +c¢. (5 marks)




10.Jan 2009

1

4 The diagram shows a sketch of the curves with equations v = 23 and y = 8x%.

[T

y

o' 4 x

The curves intersect at the origin and at the point 4, where x = 4.

3 dy
(a) (i) For the curve y = 2x?, find the value of I‘ when x = 4. (2 marks)
.
3
(i) Find an equation of the normal to the curve y = 2x? at the point 4. (4 marks)
L
(b) (i) Find [8,\2 dx. (2 marks)
(i) Find the arca of the shaded region bounded by the two curves. (4 marks)

3
(c) Describe a single geometrical transformation that maps the graph of y = 2% onto the

3
graph of y = 2(x +3)%. (2 marks)

11.June 2009

5 The diagram shows part of a curve with a maximum point M.

VA

v

(0] 15\ X

The equation of the curve is

s
ol

v 15x2 —x




(a)

(b)
(c)

(d)

dy
Find —1 (3 marks)

dx

Hence find the coordinates of the maximum point M. (4 marks)

The point P(1, 14) lies on the curve. Show that the equation of the tangent to the
curve at Pis y = 20x — 6. (3 marks)

The tangents to the curve at the points P and M intersect at the point R. Find the
length of RM . (3 marks)

12.Jan 2010

2 At the point (x, y) ona curve, where x>0, the gradient is given by

d—‘ 7vVx5 —4

dx
(a) Write Vx5 in the form x*, where / is a fraction. (1 mark)
(b) Find J('f\j x5 — 4) dx. (3 marks)

(c) Hence find the equation of the curve, given that the curve passes through the
point (1, 3). (3 marks)

13.Jan 2010

. 1
5 A curve has equation y =+ 48x.
X

dy
(a) Find & (3 marks)
dx
(b) Hence find the equation of each of the two tangents to the curve that are parallel to the
x-axis. (4 marks)
(¢) Find an equation of the normal to the curve at the point (1, 49). (3 marks)

14.June 2010

(@)

(b) (i)

A curve C has the equation

_.1‘3+\/.?

¥ x>0
X
x4 x

Express ——— in the form x” + x9. (3 marks)

X

dy
Hence find —. 2 marks)

dx

(ii) Find an equation of the normal to the curve C at the point on the curve where

x=1. (4 marks)



2.,
(¢) (i) Find d—'.j

(2 marks)
(ii) Hence deduce that the curve C has no maximum points. (2 marks)
15.Jan 2011
7 A curve C is defined for x > 0 by the equation y =x+ 3 +— and is sketched
X
below.
VoA
l
|II
|
0 "
= 5 ay
(a) Given that y =x+ 3 + =5 find —. (3 marks)
(b) Find an equation of the tangent at the point on the curve C where x = 1. (3 marks)
(c) The curve € has a minimum point M. Find the coordinates of M. (4 marks)
. . 8
(d) (i) Find J(x +3+ —4) dx. (3 marks)
x
(ii) Hence find the area of the region bounded by the curve C, the x-axis and the lines
x=1and x=2.

(2 marks)
(e) The curve C is translated by [‘ﬂ to give the curve y = f(x). Given that the x-axis

is a tangent to the curve y = f(x), state the value of the constant k.

(1 mark)




16.June 2011

5 The diagram shows part of a curve with a maximum point M.
Va
M
0 £

The curve is defined for x = 0 by the equation

a]ias

y=06x—2x
. ody
a Find —. 3 marks,
(a) . (. )
(b) (i) Hence find the coordinates of the maximum point M. (3 marks)
(ii) Write down the equation of the normal to the curve at M. (I mark)

(c) The point P(%, %) lies on the curve.

(i) Find an equation of the normal to the curve at the point P, giving your answer in the
form ax + by = ¢, where a, b and ¢ are positive integers. (4 marks)

(ii) The normals to the curve at the points M and P intersect at the point R. Find the
coordinates of R. (2 marks)

17.Jan 2012

9 The diagram shows part of a curve crossing the x-axis at the origin O and at the
point A(8, 0). Tangents to the curve at O and 4 meet at the point P, as shown in
the diagram.

AV A P
A(8,0)
0 \\ X




The curve has equation

5
v = 12x —3x3

dy
(a) Find d% (2 marks)

X

dy
(b) (i) Find the value of d,_‘ at the point @ and hence write down an equation of the tangent

X
at O. (2 marks)
(ii) Show that the cquation of the tangent at A(8, 0) is y+ 8x = 64. (3 marks)
5
(c) Find J(JZ\' - 3,\'3> dx. (3 marks)

(d) Calculate the area of the shaded region bounded by the curve from O to 4 and the
tangents OP and AP. (7 marks)

18.June 2012

6 At the point (x, y). where x > 0, the gradient of a curve is given by
dy 4
P2 Do
dx X

The point P(2, 1) lies on the curve.

dv
(a) (i) Verify that I‘ 0 when x = 2. (1 mark)
X
. : dz_v
(ii) Find the value of ? when x = 2. (4 marks)
N

(iii) Hence state whether £ is a maximum point or a minimum point, giving a reason for
your answer. (1 mark)

(b) Find the equation of the curve. (4 marks)

19.Jan 2013

5 The point P(2, 8) lies on a curve, and the point M is the only stationary point of the
curve.

The curve has equation y =6 4+ 2y — —..
x-

i .
(a) Find 2. (3 marks)
dy




(b) Show that the normal to the curve at the point P(2, 8) has equation x + 4y = 34.
(3 marks)
Al

(c) (i) Show that the stationary point M lies on the x-axis. (3 marks)
(ii) Hence write down the equation of the tangent to the curve at M. (1 mark)
(d) The tangent to the curve at M and the normal to the curve at P intersect at the
point 7. Find the coordinates of 7. (2 marks)
b




Answers

1. Jan 2005

1a)(i) | y=x+2x~ Bl PI by sight of —2x 7>
dy —1-2y2 M1 One term correct
dx - Al 3 OE
" _, @ 2_1 . . .
(ii) | Whenx=2, —=1-—=— Al 1 CSO AG (be convinced)
dx 4 2
(b) | Whenx=2, y=3 Bl Fory=3
gradient of normal = -2 M1 m % m' =—1used
Equation normal y—3 = 2(x-2) M1 y="3"=m(x-2) OE
Al 4 Award at 1" correct form
Total 8
2. June 2005
T@) | =yioy? M1 One power correct
Al 2 Acceptp=5,g=-3
(b)) £10r) 5x* B1/' fton pxf
+3x7* Bl b ft on —gx?" provided g <0
| l MI1 M1 Considers sign of f'(x); a
£'(x) lfrw +_ >0 statement
“f'(x)>0 OE” with ‘f increasing’.
= f1s mcreasing {function} Al 2 b
Al needs f’ (x) of the form ax s
X
where a and b both > 0 and no
incorrect statements based on f'(x) at
different values of x
(c) | At(1,0), f'(1)=5+3=8 M1 Attempts to find £'(1)
— grad. of normal = — — ml Use of m = m' =—1 PI
AlY 3 ft on wrong 1 x)
Total 9
3. Jan 2006
) 1 ."'(-"’) =16—x2 M1 One term correct
Al Both correct
o _
v (x‘):lﬁfﬁ - ¥ 2= .
x
v(x)=0=16x" =1;
1 Ml ¢’s v'(x)=0 and one relevant further step
—Dx=%—
4 Al 5 Both answers required.
Total 5




Jan 2006

. dy 3 2% M1 One term correct
8@ | ===247-3 Al 2 Both correct
dv 2
(b)(i) | When x =0, i_ =_3 BIF/ Ft provided answer < 0.
x
Eqn of tangent at O 1s y =—3x BIFS 2 OE Ft on »(0)
o 3L
(i) | AO0) —== 5(9)‘ -3 Ml Attempt to find ¥ '(9)
Eqn tangent at 4 is vy —0=13"(9)[x—9] ml OE
3
=2 (x— 2y =3y—2 .
=) 3 (x=9) = 2y=3x-27 Al 3 CSO. AG
(iii) | Eliminating v = —6x =3x—27 M1 OE method to one variable
(eg 2v=—y-27)
9y=27 = x=3 AlF [ALF for each coordinate; only ft on
v =kx tangent in (b)(1) for £ < 0]
Whenx=3, y=-9. {P(3,-9)} AlF 3
3 5 A2
5 2 5 3.
(© I x*=3x |dy= ;-\" - (+¢) M1 One power correct
A N - A21.0 3 Condone absence of “+¢”
and unsimplified forms
9 (3 3
(d) J' ¥ =3x |dy= B1 PI
o\ /
2.5 3
= ;x 9% — EX 9" -0 Ml Correct use of limits following integration
=_243
. 1
Area of triangle OP4 = E>< 9 ‘A1~'P| Ml
1 (2
Sh.Area :EXQX‘J-"D‘—l I x? 73.\'}(1\* | M1 OE
0\ /
=405-243=162 Al 5
Total 18
5. June 2006
TS T d .16
Whenx =4, Fr 3(2)+ 16 7=0 Bl 1 AG Be convinced
(|16
2 1o Bl 1| Accepté=—2
dl_l-‘ 1 —% . -3
(i) | 27 3x Er +16x(=2)x" -0 M1 A power decreased by 1
2, 3 -1
4y 30773 3 Al
de 2 A1V 3 candidate’s negative integer &
[-1 for =2 term(s)]
Wheny—4 $¥_3 321
(iv) ten x =<, e 4 64 4 Ml Attempt to find 1"'(4) reaching as far as
two simplified terms
Minimum since y"(4) > 0 E1v/ 2 candidate’s sign of 1"'(4)
[Alternative: Finds the sign of v'(x) either side of the point where x=4, need evidence rather than just a
statement: (M1) Correct ft conclusion with valid reason E1v"] [In both. condone absent statement
Y(4=0]




dy 3. 16
(b)) | At L(1.8). e 3()* e 7=12 Bl 1 AG Be convinced
G| . . 1
Gradient of normal - Mi Use of r stating
mxm=—
Equation of normal is y =8 =m[x —1] Ml Can be awarded even 1f m=12
1
y—8= 7E(x'71):> 12y -96=—-x+1
—12v+x=97 Al 3 Any correct form of the equation
1
.5, 1
(o)(i) j 3xP +——Tdx=
3
o x? -1 M1 One power correct.
"""" =3 3 +16_77 Tx e A2.1.0 3 Al if 2 of 3 terms correct
5 A candidate’s negative integer &
Condone absence of “+¢”
% » . v = candidate’s answer to (c)(1) with tidied
i) | V= 20 —lexT —Tx+c (%) BlJ/ coefficients and with “+¢’.
(‘v =" PI by next line)
Whenx=1,y=8 =8=2-16-7+¢ Ml Substitute. (1,8) in attempt to find
constant of integration
3
9.2 -1 . .
y=2x —16x" —Tx+29 Al 3 Accept ¢ = 29 after (*). including v =,
stated
Total 17
6. Jan 2007
) . N dv
6(2)(1) | y=x+1+47 = Y 18y Ml Power p — p-1
dx A2.1.0 3 (A1 if 1+ ax" with a=—8
orn=-3)
.. = . dy
()| 1-8x2=0 M1 Putsc’s —=0
dx
=8 i -+ 1 d
; ml Using ™" =— toreachx”= b, >0 or
x
correct use of logs.
x=2 Al
When x=2, y=4 Alft 4
(ii}) | At (1.6) Yy g-7
Y M1 Attempt to find (1)
1
Gradient of normal = - Ml Use of or stating
m*m' =—
Equation of normal is v —6 =m[x —1] M1 71 numerical
6=t
y-o= ;(‘ -1 Alft 4 OE ft on ¢’s answer for (a)(1) provided at
6 1 least Al given in (a)(1) and previous 3M
{- =—:; Tyv=x+41; marks awarded
x-1 7
. . 4
(b)(i) J r' +l+— |dy=
\ X
2
=X gyt {+c} M1 One of three terms correct.
2 A2.1.0 3 For A2 need all three terms as printed or
better
(Al 1f 2 of 3 terms correct)




.. o4 /
(i) | {Area=} J .\‘+1+idr:
el X~
2 4 ¢
il 2 - (8141 [ Lig
?Jr X sl (8+4-1)- \ E+ B } M1 Dealing correctly with limits;
1 ‘ F(4)-F(1)
(must have integrated)
=135 Al 2
Total 16
7. June 2007
5(a) | vp=4 Bl 1
® | . 2 2 4
V= +; + T+TZ B2.1,0 2 (B1 if only one error in the expansion)
For B2 the last line of the candidate’s
y= 1+ 4yl = 472 solution must be correct
(© | dv PREP Ml Index reduced by | after differentiating x
. ToTew to a negative power
Alft At least 1 term in x correct ft on expn
Al 3 CSO Full correct solution. ACF
(@ | 4 3
When x =2. o —4x27-8x2 M1 Attempt to find 1'(2).
Gradient=—-1 —1=-2 Al 2 AG (be convinced-no errors seen)
(&) | -2xm'=-1 Ml ny xmy =—1 OF stated or used. PI
y—4=m(x-2) Ml C’s yp from part (a) if not recovered;
m must be numerical.
Alft i S 1, I a)if
y_4 :l(x 2) Fton candidate’s y, from part (a) if not
2 recovered.
x=2y +6=0 Al 4 CAOMustbe thisor0=x-2v +6
Total 12
8. Jan 2008
Sa) | dv . 1 —~ 3 é - _: 3 1‘ M1 A power decreased by 1
—=4X—x *-—x* = 2x - —x* AlAl 3 Al for each correct term
dx 2 2 2
" dv 2 3 dv
(i) | At P(4,0), = =" -2x2 Attempts — when x =4
(40) dr 4 2 Ml P dx
=1-3=-2 Al 2 AG
(iii) | Gradient of normal = % M1 Use of or stating m=m'=—1
Equation of normal 1s y —0=m[x —4] M1 m numerical; can be awarded even if
m=-2
—0=ta-9= 2p=x 4
y- 75(‘\’_ )= Zy=x— Al 3 ACTF of the equation
i) | AL Q. 7=0. 2v=0-4 M1 PI
Vo=-2 AlF Ft on a linear equation for normal
Area of triangle OPQ = 0,54 | Yo | provided yois negative and prev Al is
lost
=4 BIF 3 Fton ¢’s negative v,




| L 51 Logt M1 o 18
2y 23 gy 22242 Puts ¢’s o Oand a 1% step in attempt to
2 2
solve.
3 4 ml; Valid method to ax=0
2=—x D x=—
2 3 Al 3 Condone 1.3 or better
3 5
b H Vs N = _!
(b)) J‘ 4\_%_ Y% dy = 4_2_ LA o M1 One power correct
' ’ 15 25 ¢ 7 Al.Al 3 Condone absence of “+¢”
3 5
8 7 2 5
= E.Yz —?.Yz {"‘ t}
(ii) 2
12 42 1) —
Area under curve = 4 4 —— 4 — {0} Ml F(4) = {F(0)}
1.5 25
Total area =F(4) + area triangle OPQ ml
Total area = 1128 i 4=112% =125(..) Al 3 Accept 3 sfif clear
Total 20
9. June 2008
) 3 . :
1(a) \/F:__\j Bl 1 OE: accept ‘k=1.5"
M) | dv 3 L Ml At least one index reduced by 1 and no
—=2x—=x? . 2
dv 2 term of the form+ ax” .
Bl For 2x
ALF 3 For —1.5x"° Ft on ans (a) non-integer
(ii) | Whenx=4, y=8 Bl
dv
v'i(4)=; M1 Afttempt to find d— whenx =4
X
=24)-1504) =5 Ft on one earlier error provided non-
AIF ; ariel ;
integer powers in (a) and (b)(i)
Tangent: y—8=5(x—4) ml v—y#)=y'"(H[x—4] OE
y=5x-12 Al 5 CSO:; must be y=>5x— 12
Total 9
10.Jan 2009
) dv 1 1
4(a)(i) cT =3y? M1 ix? with or without + ¢
N
=6 {whenx=4} Alcao 2 Must be 6 and seen in (a)(i)
6+c is A0
- 3 3
(i) y-coordinate of 4 = 2x4? (= 16) M1 Substitute x =4 in y = 2x>
6xm=-1 M1 my xm, =—1 OE used with ¢’s value of
dy
i_when x=4.PI
v—16=mx—4) ml dep on 1% M1 in (a)(ii)
n must be numerical
1
V- 16275(.\’74) Al 4 ACF




(®)()

l 8 l+1 .
J 8x?dv=——x2 {+c}

3/ M1 Index raised by 1
%
16 5, . .
=¥ {fa Al 2 Condone missing ‘+ ¢’
. Coefficient must be simplified
(i) 2 2 2 4 2
_[ 2x2dv= YA el = ;-‘" {tci} Bl Can award for unsimplified form
A 3
4 1 4 3
j' 8x2dx —J' 2x2 dx M1 Ignore limits here
0 0
16, 2 4, .32
=5 (4)2-0- [;(4)3 - 0} Ml F(4) - F(0) used in either; {F(0)=0 PI}
i ) Cand. must be using F(x) as a result of
his/her integration in (b)(1) or in the (b)(i1)
B1 line above
256
s Al 4 Accept any value from 17.04 to 17.1
inclusive m place of 256/15
(c) | Translation Bl Accept ‘translat...” as equivalent
[T or Tr 1s NOT sufficient]
-3
0 Bl 2 Accept equivalent in words provided
linked to “translation/move/shift’
(BOBO if >1 transformation)
Total 14
11.June 2009
_S(a) dy 45 L 53 M1 One power correctly obtained
iR R A2,1,0 3 Al for each term on the RHS coeffs
dv 2 2 .
simplified
b)| 45 L 5 2
®) _bx2 73x2 =0 Ml cand’s (a) =0
2 2
5 L Must be solving eqn of form ax™+bx" = 0,
2 x3(9-x)=0 ml m and n non-zero, with at least one of
and # non-integer and reaching a stage
from which the non-zero value of x can be
stated PI. Must deal with powers of x
correctly and any squaring of Ax¥ terms
or expressions must be correct.
AtM, x=9 Al
var =162 Al 4 M1 must be scored, else 0/4
oody 45 5 )
(¢) | At P(1.14), —=——-—=20 M1 Attempt to find 3'(1)
dv 2 2 ’
Tangentat P: vy — 14 =m(x— 1) ml m = cand’s value of y'(1)
y—14=20x—-20; v=20x—-0 Al 3 CSO:; AG
(d) | Tangent at Mf: v=162 BIF ft y=cand’s vy
AtR,162=20x—6; x=84 Ml Solving cand’s numerical y,,=20x — 6 to
find a value for x
Distance RM = ‘.YM - A‘R| =9-84=06 AlF 3 ft on coordinates of M
Total 13




12.Jan 2010

2w |y = o2 Bl 1| Accept k=25
(b) T 7 s, M1 Index “% raised by 1 in integrating x*
J'(7\/ri4) dy = 35 X" —dx (to) AIlF 1* term correct follow through on non-
integer k&
Bl 3 For — 4x as integral of — 4
©|y=2"-dx+c * BIF y=c’s answer to (b) with “+ ¢’
(‘v =""PI by next line)
Whenx=1, y=3 = 3=2-4+¢ M1 Subst. (1, 3) in attempt to find constant of
integration
vo= 2 —4x+ S Al 3 Accept ¢ =5 after correct eqn * which
must include vy =’
Coefficients must be tidied
Total 7
13.Jan 2010
1 3 . o
5@) | —=x B1 PI by its correct derivative
E
dy 4 A power decreased by 1; could be the +48
—=-3 4
dx A Ml or the ft after BO
Al 3
() | —3x7*+48=0 M1 ¢’s answer to (a) equated to 0
vt=16 AIF To x’= g but only ft on equs of the form
ax** + 48 = 0, where a and F are negative
integers
x= il Al
2
Equs of tangents: y=32 and y=-32 AlF 4 Only ft 1f answer is of the form v =%k
dv L dy
(¢) | Whenx=1, d_ =-3+48=45 M1 Attempt to find value of — atx=1
kY X
1 Correct use of m = m' =—1 with ¢’s value
Gradient of normal at (1, 49)1s —— ml - dy o
45 of — whenxy=1
dx
1 CSO. Apply ISW after ACF:
Normal at (1, 49): v—-49= fﬁ(x’l) Al 3 accept 49.02 or better in place of 49%
Total 10
14.June 2010
6(a)| . 1
VX =T Bl PI
/ Y v 1
s T iy BIBl| 3 |ACPtPTIi4T-o
x X X -

LT




ooy g2
E =2x R M1 Reduces both powers by 1
Al 2 ACF
(i) | Whenx=1, y=2 B1 PI if not stated explicitly eg the ‘2’
may appear in the correct posn. in later
eqn.
dy 1 3 dy
Whenx=1, X =2 -2 _ Attempt to find Y whenx=1 PI
dr 2 2 M1 dx
ol
Gradient of normal = 3 ml — 1/(c’s value of dy/dx when x = 1)
either stated as the gradient of the
normal or used as the gradient in the
equation of the normal
2 dy
Equation of normal: y—2=—-=(x—1) Only ft s = in part (b)(1).
q ) 3( ALF 4 nly fton ¢’s —— in par (b)(1)
ACHF
©W | 42, 3 2 M1 Reduces both powers by 1.
ch‘: =1 +1-" ) AlF 2 Ft on (b)(i) provided at least one
power to be differentiated is both
negative and fractional
| FEN
(Since x>0,) J' >0
dx_
For a maximum point n }, is not
v 2
positive so C has no maximum points | E2.1.0 2 E1 for attempt to find the sign of —5
: either in general terms or at the pt(s)
where ¢’s dy/dx =0
for the remaining E mark a correct
2
justification for why —=—>0 and also
a full correct concluding statement
must be made.
Total 13
15.Jan 2011
7(a 8 8
) y:x+3+—4:x+3+8x_‘ Bl F01'—4:8x_' PI by correct
x x
differentiation of 3" term
dy 32 M1 kx™ QE
—=1-3 “or 1- .
1-32x " or 1-7 Al 3 | Foreither
(b) | When x=1, y=12 Bl
dv dv
When x=1, E} =1-32=-31 M1 Attempt to find value of d._1 when =1
. x
Tangent: y—12=-31(x—1) AlF 3 Only ft on ¢’s answer to (a). Any correct
(ft onc’s (a)) form.
s s . dy
()| 1-32x" =0 Ml 1-32x7 =0 orc’s —=0
dx
=x =32 ml Attempt to form x"= const (0). PI by
next line
=y=2 Al CsO
(Coordinates of M) (2,5.5) Al 4 (ai{e]




@a | | [x+3+—4] dx
X . M1 Power —3 correctly obtained
=?+33 ——X +c g .
——x"
Al 3
Bl 30| S43x4e
. 2
ii) | Area= £+3x —Zx3
(ii) =13 ]
1
) ) Attempting to calculate F(2) —F(1)
(1 8) where F(x) 1s ¢’s answer to part (d)(1)
= B N e St
L 2+6 J L 2 + 3 J Ml provided F 1s not just the ¢’s integrand
(c+3+8/Y)
9 41 _ e
2,04 Al 2 OE Accept 6.83 or better provided d(1)
2 6 used
@ | k=-55 BIF 1 Fton —y,, from part (c).
Total 16
16.June 2011
‘S(R) Bl For either 6 or 6x°
dy : 24
—=0-3x? Ml Ax? . 470 OE
d.r
1
Al 3 6—3x2 or 6—3+/x withno ‘+¢’
[If unsimplified here, Al can be awarded
retrospectively if correct simplified
expression is seen explicitly in (b)(1).]
b)(i 1 dy
®) 6—3x2 =0 Mi Equating ¢’s E‘ to 0 PI by correct ft
x
rearrangement of ¢’s dy/dy=0
1 1
x1=2=x=2 ml x2 =k (k0), tox=F . PI by correct
value of x if no error seen
M(4. 8) Al 3 SC If M0 award B1 for (4, 8)
(ii) | Eqn of normal at Misx=4 BIF 1 Ftonx=c"s xy
o)(i 9 dy 3 3 dy 9
© Whenx=—, > =6-3x_=" MI Attempt to find — when x =—
4 dx 2 2 dx 4
2
Gradient of normal at P = —— ml m o' =— 1 used
3
27 2 9
Eqn of normal: y——:—j(a ——] Al 2 33
4 2 4 ACFeg y=——x+—
3 4
12y —81=—-8x+18 = 8x+12y=99 Al 4 Coeffs and constant must now be positive
integers. but accept different order
eg 12y +8x=99
(ii)
8(4)+ 12y=99 M1 Solving ¢’s answer (b)(ii), (must be in
form x = positive const), with ¢’s answer
(¢)(1). PIby correct earlier work and
correct coordinates for R.
67 . 67
L , Accept 5.58 or better as equivalent to —
R[‘4- 12 J Al 2 P ! 12
Total 13




17.Jan 2012

9a) | gy 2 2
—=12-5x3 Ml Jx? term.
dx Al 2 ACF
(b)(@) o
When x=0. dr =12 BIF Ftonc’s ' evaluated correctly at x=0
Eqn of tangent at O is v =12x BIF 2 OE Ft on ¢’s value for 3'(0) provided y'(0)>0.
ii , 2 dy
(i) When x= 8. ?T‘ =12-5%(8)3 Ml Attempt to find d,_J when x=8§
X X
Equation of tangent at (8, 0) 1s
y=0=1(8)[x—8] ml v=y'@®)[x~8] OF
y=-8(x18) = y+8x=064 Al 3 CSO AG
(c) g AN 5 s £ ) )
j- 1y — 2\_; dy = 12v" 3x°3 +0) M1 kx? term after integrating, condone £ lett
o 8 unsimplitied for this M mark.
\ J 3
9 & Bl For 6x* OE eg (12x%/2)
=6x" ——x? (+0) 9 ¢
8 Al 3 For 7§r3 OE
(d) | Area bounded by curve and x-axis
8 [ i . () E
= -‘-o 12x —3x7 |dy= 6x8" — y x(8)3 M1 +F(8) {—F(0); PI following integration
=384 —288=96 Al PI by correct final answer if evaluation not seen here
AtP, 12x+8x=064 M1 Solving y +8x =64 and ¢’s v=kx, i>0,
down to an eqn in one variable. ..
[v+21/3=64]

(xp=32) yp=384 Al For yp =384 OE [If using integration to find
area of triangle, award Al if both “x, =3.2" and
correct integration of correct eqns of the 2 lines ]

. 1
: ang Y YP Need perpendicular ht to be linked to
Area of triangle OPA 2><8X1 M1 OFE d dicular 1 be linked
v 0.
Ar f"lOPA*IS‘
ea of triangle Y xExVp M1 OE Need perpendicular ht to be linked to
ve= 0.
Area of shaded region
4 5
8 El
~Area A OPA- .fo 12v - 37 ]dY M1 MO if evaluated to a value <0
=153.6 96=57.6 Al 7 OE eg 288/5
Total 17
18.June 2012
. dy . . .
6(a)(i) | (When x = 2) d_ =12-1-11=0 Bl 1 AG Must see intermediate evaluations
X
4 - . .
/ y =4x ", seen in (a)(11) or earlier. PIby
(i) ij*alxz {so%‘:sr%atx%ll} Bl x? @) Y
: ke
¥ £8x 7 term in answer
FEN Ml Correct powers of x correctly obtaimned
: = 6x+8x3 from differentiating the first two terms
dx” Al 6x+8x~ ACF
Whenx=2, ¥ =12+858=13 Al 4

2

dx




Ft on ¢’s value of ¥"(2) in (a)(i1) but must

) d2 ) ) L. . s - : o : .
(iii) | Since : >0, P 1s a minimum point. EIF 1 see 1lef_’e1(?11c‘e t.O.Slgll Of.-" i (2) either
di? explicitly or as inequality, as well as the
correct ft conclusion
p . \ . dv .
(b) ” 342 _%_11 ]d\' =} +d4x —1lv(+e) | M1 Attempt fo 111teg1atea with at least two
. ’ ’ of the three terms integrated correctly
(=) ¥ +4x7 —1lx (*o) Al For x* +4x7" —11x OE even unsimplified
Substituting. x =2, v =1 into vy = F(x) +
‘¢’ m attempt to find constant of
Whenx=2,y=1= 1=8+2-22+¢ Ml integration, where F(x) follows attempted
: . L dy
integration of expression for —
dx
v=x"+4xT 11y +13 Al 4 | ACF
Total 10
19.Jan 2013
S@ | 8 =82 Bl PI by its derivative as 16x° or—16x >
=38
x°
dv 24 16x" M1 Differentiating either 6+2x correctly
e +lox or differentiating —8/x correctly.
Al 3 2+16x~ OF
b dy _ Lo dy
(®) AtP(2,8), —=2+16%x27° (= 4) Ml Attempt to find i when x=2
dx dx
dient of Laipe ]
Gradient of nommal at P = — 1 ml < = — 1 used
Eqn. of normal at P:
1
}.-‘78:71(3(72) = x+4y=134 Al 3 CSO AG
© At St. Pt d—l =0,2+16x32 =0 Equating ¢’s d—l to 0
dx M1 dx
dy , .
Accept ‘ — =0 so x= -2’ stated with
10 erTors seen
(lexP=-2) x=-2 Al x=-2
Whenx =-2, y=6-4-2=0:
M(—2.0) lies on x-axis Al 3 Need statement and correct coords.
(c)(ii) | Tangent at M has equation v=20 Bl 1 y=0 OE
(d) | Intersects normal at » when x +0 =34 M1 PI Solving ¢’s eqn. of tangent with ans
(b) as far as correctly eliminating one
variable.
T(34,0) Al 2 Accept x=34, v=0
Total 12




