Core 2 Differentiation Questions

dy
1 Given that y = 16x +x~ ', find the two values of x for which d._ =10, (5 marks)
x

8 A curve, dmwn from the origin (), crosses the v-axis at the point 4(9,0), Tangents to the
curve at (F and 4 meet at the point F, as shown m the diagram.

/

7] 4(9,0) X

The curve, defined for x = 0, has equation

Pk Lk

— 3x

d '
(a) Find . (2 marks)
dx

v . . . .
(b)y (1) Fmd the value of d—L at the point (7 and hence write down an equation of the
X

tangent at 0. 2 marks)
(1) Show that the equation of the tangent at 4(9, 0) 1s 2y = 3x — 27, i3 marks)

(11) Hence find the coordinates of the point P where the two tangents meet. (3 marks)
3
(¢) Find [(x-’ - 3.1') dx. (3 marks)

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




7 At the pomt (x, ¥), where x> (), the gradient of a curve is given by

dy L

— =34 -7
dx o x?
. . dy .
{a) (1) Verify that e 0 when x =4, i1 mark)
x
(i) Write — in the form 16x*, where k is an integer. {1 mark)
x*
dy
i) Fmd —. i3 marks)
(i) = : )

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

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

(1) Show that the gradient of the curve at the point P 15 12, {1 mark)

(11) Find an equation of the normal to the curve at P, 3 marks)
L

(¢) (i) Find j{a-r! +——T7)dx. (3 marks)
x*

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




4
6 A curve C is defined for x>0 by the equation y = x + 1 + — and is sketched below.
x*

(a)

(b)
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(i) Giventhat y =x+ 1 +—, find d—': (3 marks)
x=
(11} The curve C has a minimum point M . Find the coordinates of M. {4 marks)
(i) Find an equation of the normal to C at the point (1, 6). {4 marks)
o g 4 .
(1) Fmnd l(.r+ 1 +T—2) dx. (3 marks)

(11) Hence find the area of the region bounded by the curve C, the lines x = 1 and
x =4 and the x-axis. (2 marks)

5 A curve is defined for x= 0 by the equation

72
—|l1+Z
r=(1+3)

The point F lies on the curve where x = 2.

(a)

)

()

(d)

(e)

Find the y-coordinate of P. {1 mark)
4 2
Expand (1 - :j . {2 marks)
x
d
Find = (3 marks)
dx
Hence show that the gradient of the curve at Pis -2, (2 marks)
Find the equation of the nommal to the curve at P, giving your answer in the form

x+bv+c =0, where b and ¢ are integers. 4 marks)




Core 2 Differentiation Answers

Solution Marks | Total Comments
1| p'(x)=16-x" M1 Owme term cotrect
Al Both correct
1 a1
Mx)=16—— (=
¥ .Y] 2z El X 1‘2 OE Pl
Vix)=0=16x"=1;
M1 ¢’s ¥'(x)=0 and one relevant fiurther step
—x=t—
Al 3 Both answers required.
Tartal A
dv 34 M1 Omne term cotrect
5(a) $= e -3 Al 2 Both comrect
(b}i) | Whenx=0 d_L =_3 BIFS Ft provided answer < 0.
ch
Eqn of tangent at Ois y=-3x BIFJS 2 | OEFton ¥(0)
i) | Ate.0) £= 3oy 3 \
(i) | At(.0) 5== 567 -3 Mi Attempt to find y '(9)
Eqn tangent at 4 is y—0 =1 (9[x-9] ml OE
3 -
= y=5—9) = Jy=3x-17 Al 3 | cso. ac
(iii) | Eliminating y = —6x=3x—27 M1 OE methed to one variable
(eg y=—y=2T7
Ox=27 = x=3 AlF [AIF for each coordinate; only ft on
¥ = kx tangent in (b)}1) for k< 0]
Whenx=3, y=-9. {P(3,-9} AlF 3
(2 o] > 3
)| | |x*—::-x dr=—x" —— (¥ M1 One power correct
. ! - A210 3 Condone absence of “+c”
and wnsimplified forms
@] | |x?—:x|dr= Bl PI
2 05 3.0
= EKQ‘ —o*8 -0 M1 Correct use of limits following integration
=—243
Avea of triangle OF4 = %x9x|}-F| M
Sh Area =%XQ‘X|.L=,,|—I | [x%* —-3x |dx| M1 OE
=405-243=16.2 Al g
Total 18




uestion Solution Marks | Total Comments
T(a)(i) _ o, v 15
Whenx=4, —— =32+ --7= Bl 1 | AG Be convinced
(i) | 16 16y
2 Bl 1 | Acceptk=-2
Y 3 LS e -0
i T ower decrea v
(i) | 57 = %5 % x(=2)x M1 A power decreased by 1
ﬂ:ix_:, —-32x Al:
t 2 ALS 3 candidate’s negative integer k
[-1 for =2 termis)]
When x =4 diy 3 32 1
(iv) enx = TT1 ® 1 M1 Attempt to find 1"(4) reaching as far as
two simplified terms
Mininmam since y"(4) = 0 ElS 2 candidate’s sign of ¥"'(4)
[Alternatve: Finds the sizn of +/(x) etther side of the point where x=4_ need evidence rather than just a
statement: (M1) Correct ft conclusion with valid reason E14"] [In both, condone absent statement
V(4)0]
v _ oz 16 _
i) M) S Jr 1 Tis COMVHIC
M) | A PLE). - -=31)* +7 -7 =1 Bl 1 |AG Be ed
jid) . _ 1
Gradient of normal = 12 M1 Use of or stating
m¥m'=—
®) | Gradient of normal = ——-
otn 12 M1 Use of or stating
m=m'=—
Equation of normal i3 y—8=m[x—1] M1 Can be awarded even if m=12
}'—S=—ll_}(x—1}:> 1y —%6=—x+1
=12y + =97 Al 3 Any correct form of the equation
S
©G) | | ¥ T
_ x% L S M1 One power cotrect.
- =3 Al —Trte A210| 3 | Alif2of3 terms comect
3 S candidate’s negative integer k
Condone absence of “+ ¢
L2 o - . ¥ = candidate’s answer to (c)(i) with tidied
i) | Y= -16x —Tx+c () B1S coefficients and with “+c.
{*y =" PI by next line)
Whenx=1y=8 =8=2-16T+c M1 Substitute. (1,8) in attemipt to find
constant of intepration
y=2x*—16x" —Tx+29 Al 3 | Accept ¢ =29 after (¥), inclnding y =,
stated
Total 17




\{ FLFALELELILL ~FRELL BW ERTLYLEY S WPLELEAEN ERU X
6a)i) | y=x+1+47" = Y gy M1 Power p — p-1
dx A210| 3 |Alifl+m” witha=-8
or n=-—3)
(i) | 1-8v7 =0 M1 Puts s L =0
dx
v =8 ml Using x™* = % toreachx*=b, a=0or
correct nse of logs.
x=2 Al
When x=2, y=4 Alft 4
Gii) | At (1.6). L =1-3=—7 ,
i dx M1 Attempt to find (1)
: 1
Gradient of normal = — M1 Use of or stating
' m=m=-1
Equation of normal is y—6=m[x-1] M1 m nunerical
1
y=6=-(-1 Alf 4 | OE ft onc’s answer for (a)(i) provided at
y—6 1 _ least Al given in (a)(i) and previews 3M
(. : =—: Ty=x+41} marks awarded
x-1 7
b)) | [ of 14 % Jem
®)D) | [ x| 1+ |dr=
FATTE)
= i +x—4x" {+¢} M1 One of three terms cotrect.
2 A210 3 For A? need all three terms as printed or
better
(Al if 2 of 3 terms correct)
.. s 4
() | {Area=} [ x+1+—dvr=
1 x
_ 4 _ )
ks 41 1 '
I R (8+4-1)- E_l_d'l M1 Dealing correctly with limits;
- 1 ) F(4)-F(1)
(st have integrated)
=135 Al 2
Total 16




Sa) | y.=4 Bl 1
LN 1 2.2 4
V= ___;"'? B2.1.0 2 (Bl if only cne error in the expansion)
For B2 the last line of the candidate’s
v=lsdyt+ 4y solution nmst be correct
(c) | dy = 3 M1 Index reduced by 1 after differentiating x
e —4x —8x to a negative power
Alft At least 1 term in x correct ft on expn
Al 3 C50 Full cotrect solution. ACF
(d) _, @ -2 -3
When x=2, E=—-1-:-<2 —8x2 M A t to find 1/(2).
Gradient=—1 —-1=-2 Al 2 AG (be convinced-no errors seen)
e[| -2=m=-1 M1 my; %My =—1 OF stated or used. PI
y—4=m(x-2) M1 C’s yp from part (a) if not recovered,
m mmst be numernical.
1'—4-=ll'x—'-’:| Alft Ft on candidate’s Vp from part (a) if not
' 27 recoverad.
x—2 +6=0 Al 4 CAOMust be thisor 0= x—2y +6
Total 12
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