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Differentiation (v2)

Total Marks: 52

(52 = Platinum, 47 = Gold, 42 = Silver, 36 = Bronze)

1.
The current,  amps, in an electric circuit at time ¢ seconds 1s given by

I=16-16(0.5%, t>0.

Use differentiation to find the value of ;E whent=3 .
t

Give your answer in the form In a, where a 1s a constant.

2.
(a) Differentiate with respect to x

(1) x2€3x + 2,

cos (2x7)

(11) ™

(h) Given that x =4 sin (2y + 6), find % in terms of x.

3.
Given that x =sec4y, find
dy
a in terms of y.
(a) ™ y
dy k ) .
(b) Show that—= — where & is a constant which should be found.
dx xfx =1
4,

The curve C has equation y = x* + 6x° —12x+6.

(a) Show that C is concave on the interval [-5, —3].

(b) Find the coordinates of the point of inflection.
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4)

(4)

)

(2 marks)

(3 marks)

(3 marks)

(3 marks)



5.

A curve C has equation4” =2xy forx >0

Find the exact value of% at the point C with coordinates (2, 4).

(5 marks)
6.
A curve has parametric equations x =cos 2f, y=sinf,—7T < t < T,
. . dy .
(a) Find an expression for . in terms of £.
Leave your answer as a single trigonometric ratio.
(3 marks)
. . . 5
(b) Find an equation of the normal to the curve at the point 4 where s = 7?11 .
(5 marks)

7.

The volume of a sphere I cm?3 is related to its radius 7 cm by the formulalV = iﬂ:r3 . The surface area of

the sphere is also related to the radius by the formula S = 47 . Given that the rate of decrease in surface

. . ds
area, in cm?s!, is— =—-12,
dr

find the rate of decrease of volume d—V

dr

(4 marks)

8.

(a) Given that f(x) = sin x, show that

f'(x) = lim(( cos/ =1 Jsinx + Smhcosx]
h—0 h h

(4 marks)

(b) Hence prove that f'(x) = cos x.
(2 marks)
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Solutions (all questions © Edexcel)

ql
d/
—=-16In(0.5)0.5' M1 A1
dr
dr ) -
Atr=3 E:—16111(0_5)0_:3 M1
=2In05=In4 M1 A1
[5]
q2
(a) (1) i(t:j”" ) =3e™" (or 36165‘) At any stage | B]
dx -
dy x+2 2 :
d;=3\ +2xe Or equivalent | M1 A1+A1
%
)
” d 3 2.8 3 e
(11) E(cos(l\ )) =—6x sm(2.\ ) At any stage | M1 Al
,  —18x’sin(2x*)-3cos(2x°
o = ( ) ( ) M1 Al 4)
dx 9x~
Alternatively using the product rule for second M1 Al
y=(3x) cos(2\ )
dy 5 3
=== 0 "sin(2x°
(3 e (2¢)
Accept equivalent unsimplified forms
(b) 1:8005(2_1%6)% or %:SCOS(Z_L%()) M1
y___ L MI Al
dv  8cos(2y+6)
%:- 1 - {=(i)-24(lé—v’)] M1 Al (5)
SCOS{arcsin[—H v .
4
[13]
g3
Differentiates x = sec4y to obtain M1 1.1b 6th
dx Differentiate
o =4secdytandy reciprocal and
Y inverse
trigonometric
Writes dv _ 1 Al L1b functions.
dv 4secdytandy
(0]
Use the identity tan® 4 +1=sec’ 4 to write M1 2.2a 6th
tandy =.fsec’ 4y —1=+/x* -1 Differentiate
reciprocal and
Attempts to substitutesec4y = xand tan4y = x* —1 into M1 22 tri g](lg ;ﬁ:m c
d 1 functions.
dx 4secdytandy
Al L.1b
Correctly substitutes to find d—‘ 1 and statesk = l
de g4y -1 4
(&)
(5 marks)
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q4

) M1 1.1b Tth
Finds & =3+% +12¢-12
X Use second
derivatives to
2y M1 L.1b
Finds d% 6412 solve probl_ems of
r concavity,
convexity and
d*y B1 3.2a points of
States that — =6x+12<0forall -5 ,, x,, —3and concludes inflection.
X
this implies C is concave over the given interval.
3)
L ) _ _ 2y M1 3.1a 7th
States or implies that a point of inflection occurs when —5- =0
dx Use second
derivatives to
Finds x=-2 Al 1.1b | solve problems of
concavity,
Substitutes x = —2 into y =x° +6x” —12x +6, obtaining y = 46 Al 1.1b convexity and
points of
inflection.
3
(6 marks)
q5
Differentiates 4 to obtain 4" ln 4 M1 1.1b 7th
N . . dv M1 2% .Dltferentlgte
Ditferentiates 2xy to obtain 2x— +2y simple functions
defined implicitly.
d dy 4'In4-2 Al | LIb
Rearranges 4" In4 =2x Y 2y to obtain LAt i 4
dx 2x
Makes an attempt to substitute (2, 4) M1 1.1b
States fully correct final answer: 41n4 -2 Al 1.1b
Acceptln256-2
(5 marks)
q6
M1 1.1b 6th
Finds % =-2sin2¢r and d_y =cost
dt dz Differentiate
simple functions
Writes —2sin 2¢ = —4sin f cos ¢ M1 2.2a defined
X parametrically
d t 1 Al 1.1 i i
Calculates & L = ——cosect 1nc;1u(1.1ng
—4sintcost 4 application to
tangents and
normals.
&)
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dy 5n Alft | 1.1b 6th
Evaluates —att=—— ] ]
dx 6 Differentiate
__ B simple functions
dr - 71 1 defined
dx 4 sin[ _ 5“] 2 parametrically
6 including
application to
1 Mi1ft | 1.1b tangents and
Understands that the gradient of the tangent is 3 and then the normals.
gradient of the normal is —2.
. 5w Mi1ft | 1.1b
Finds the values of x and y atr = %
x:cos[2x—5—nJ :land 15:5].11[_5_7[] :—l
6 2 6 2
Attempts to substitute values into y —y, =m(x —x,) Mift | 2.2a
1 1) .
For example, y + 5= 2| x— 5 | Is seen.
Shows logical progression to simplify algebra, arriving at: Al 24
1
y= —2x+; ordx+2y—-1=0
®)
(8 marks)
Q7
. . . dr M1 3.1a 8th
Recognises the need to use the chain rule to find —
1 Construct
vodr  dr differential
For example — = ——x—x — is seen. equations in a
d dr dS dr range of contexts.
; M1 22
Finds & = 42 and 4 = 8 :
dr dr
Makes an attempt to substitute known values. For example, M1 1.1b
v 4m? 1 -12
— = X——
dr 1 8 1
Al L.1b

D dr
Simplifies and states o =—6r
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(4 marks)



Question 8

. ; —f(; M1 3.1b Sth
States f'(x)= 11111M
=0 x+h—x Differentiate
o simple
Makes correct substitutions: M1 L.1b trigonometric
: o functions.
£1(x) = lim sin(x + /) —sinx
h—0 ] 7
Uses the appropriate trigonometric addition formula to write M1 2.2a
£1(x) = lim SINX COS /7 + COosx sin /i —sinx
h—0 h
Groups the terms appropriately Al 2.2a
f'(x)=lim ( cos/—1 ]sin X+ ( sini Jcosx
h—0 ] 7 ; 1
(O]
: — 1 M1 3.2b 5th
Explains that as 7 — 0, cos/-1 > 0and 2 I —1
1 h Differentiate
simple
Concludes that this leaves 0 x sinx +1x cosx Al 3.2b trigonometric
So if £(x) = sinx, £'(x) = cosx functions.
2
(6 marks)
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