AH Topic PP — Differentiation Unit 1 Qutcome 1.2

2001

A2. Differentiate with respect to x -
(@) f(x)=Q+x)tan" Vx—1,x>1 () g(x)=e“"*0<x< Ex

A7. A curve has equation XV +Y t=2

d
(a) Use implicit differentiation to find d_i/c in terms of x and y.

(b) Hence find an equation of the tangent to the curve at the point (1, 1).

2002
A3. A curve is defined by the parametric equations x=¢"+—1, y=2t"—1+2 forall t.
Show that the point 4 (-1, 5) lies on the curve and obtain an equation of the tangent

to the curve at the point 4.

A4.(a) Given that f(x)= Jxe™,x>0, obtain and simplify f*(x).
d

. - o . y
(b) Given V= (x+1)°(x+2)" and x>0, yge logarithmic differentiation to show that I

: a
can be expressed in the form | —+
x+1 x+2

2003

A1, Given f(x)=x(1+x)", obtain f'(x)and simplify your answer.

Alb) Given y=3", use logarithmic differentiation to obtain % in terms of x.
X

A3. Theequation y’+3xy=3x>—-5 defines a curve passing through the point 4 (2,1).
Obtain an equation for the tangent to the curve at 4.

2004
1. a) Given f(x)=cos” xe™", —% <x< %, obtain f'(x)and evaluate f '(%j
-1
b) Differentiate g(x) = M.
1+4x
3. Acurve is defined by the equations x =35co0s8, y=135sin0, (0<o<27)

Use parametric differentiation to find D in terms of .
dx

Find the equation of the tangent to the curve at the point where 6 = z
4

j v, stating the values of the constants a and b.
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1. a) Given f(x)=x"tan2x, where 0 < x < %, obtain f"'(x).
2
b) Fory= Ltx , where x # —1, determine @ in simplified form.
I+x dx

2. Given the equation 2y —2xy—4y+x° =0 of a curve, obtain the x-coordinate of each

point at which the curve has a horizontal tangent.

15. a) Given f(x)=+/sinx, where 0<x <z, obtain f"'(x).

b) If, in general, f(x)=+/g(x), where g(x) >0, show that f'(x)= kg ;(r)(c_))c_) )

stating the value of £.

2006

2. Differentiate, simplifying your answers:

a) 2tan"' 1+ x, where x > —1; b) 1+1nx’ where x > 0.
3x
4. Given xy —x = 4, use implicit differentiation to obtainﬂ in terms of x and y.
5 dx
Hence obtain y Z in terms of x and y.
X

T
11. Show that 1 + cot?0 = cosec?0, where 0<0 < 3

By expressing y = cot'lx as x = cot y, obtain 4y in terms of x.
dx

N

00

2. Obtain the derivative of each of the following functions:
(a) f (x) = exp(sin 2x);

(b) y =4l
. Vd
13. A curve is defined by the parametric equations X =cos2¢, y=sin2z, 0<t< 7
(a) Use parametric differentiation to find Y

dx

Hence find the equation of the tangent when 7 = %

d? - d*y (dyY
(b) Obtain an expression for J; and hence show that sin 2¢ )2/ + (—yj =k,
dx dx dx

where £ is an integer. State the value of £.
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1 1
2. (a) Differentiate f(x)=cos'(3x) where— 3 <x< 3 ()
(b) Given x=2secd,y=3sin6, use parametric differentiation to find Z—y in terms of 0. 3)
X
5. A curve is defined by the equation xy° +3x°y =4 for x>0and y > 0.
Use implicit differentiation to find % )
X
Hence find an equation of the tangent to the curve where x = 1. 3)
9. Write down the derivative of tan x. )
Show that 1 + tan%x = sec?x. €))
15. Let f(x)=——forx>1.
Inx
(a) Derive expressions for f’(x) and f”(x), simplifying your answers. (2,2)
(b) Obtain the coordinates and nature of the stationary point of the curve y = f(x). 3
(c) Obtain the coordinates of the point of infexion. (2)
200
1. (a) Given f(x)=(x+1)x—2) obtain the values of x for which f’(x) = 0. A3)
2
(b) Calculate the gradient of the curve defined by Y oix= y—>5 atthe point (3, -1). 4
y
11. The curve y= x> is defined for x > 0. Obtain the values of yand & at the
point where x = 1. dx )]
2010 s
1. Differentiate the following functions. (a) f(x)=e"sinx’. (b) g(x)= ﬁ 3)
+tan x
3
: s 5, - - dy .
13. Given y=t — Et and x=+/r fors> 0, use parametric differentiation to express 2 I
terms of ¢ in simplified form. 4)
2
Show that d_J; = at* +bt, determining the values of the constants a and b. 3)
dx
Obtain an equation for the tangent to the curve which passes through the point of inflexion.
3
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. dy . . . y 2
3. (a) Obtain I when y is defined as a function of x by the equation y+e =x A3)
(b) Given f(x)=sinxcos’x obtain f”(x). 3)
‘ . esinx(z +x)3
7.  Acurve is defined by the equation y=——F=—— forx<1.
SN B
Calculate the gradient of the curve when x = 0. @)
2012
1. (a) Given f(x)= 3’;—*1 obtain f"(x) 3)
X"+
(b) Let g(x) =cos’ xexp(tan x). Obtain an expression for g'(x) and simplify your answer. “)

13. A curve is defined parametrically, for all 7, by the equations

1 1
x=2t+—1%, y=—t -3t
2 3
dy d’y
in — and —- i
Obtain e I 2S functions of . )
Find the values of # at which the curve has stationary points and determine their nature. 3)
Show that the curve has exactly two points of inflexion. Q)
2013
2. Differentiate f(x)=e""sin’x. 3)

11. A curve has the equation x” +4xy+y° +11=0

2
Find the values of @ and 4V at the point (2, 3). (6)
dx dx’
2014
x* -1
1. (a) Given J (x)= 241 obtain '(x) and simplify your answer. 3)
(b) Differentiate ¥ =tan™ (3x2 ) A3

4. Given x=In (1 +1? ) ,y=In (1 +2t 2) use parametric differentiation to find d—y
in terms of ¢. o 3)

6. Given e’ =x’cos’x, x>0, show that @ _a + b tan x, for some constants a and b.

dx x 3
State the values of a and b.
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2 F Joal find ﬂ E ingle, simplified fracti
.a) For y=———find —-.  Express your answer as a single, simplified fraction. 3)
b) Given [(x)=e"sin’3x, obtain f'(x). Q)

4. The equation x'+y"+9x-6y=14  defines a curve passing through the point A (1, 2).

Obtain the equation of the tangent to the curve at A. “)
x . dy
6. For ¥=3", obtain —.
dx (&)
: .dy .
8. Given x=+f+l and y=cotz, 0<t<m, obtain d_y in terms of y. 3)
x
2016
la. Differentiate y=xtan™' 2x. 3 marks
2
1b. Given f ( x) = 11 al —, find f(x), simplifying your answer. 3 marks
+4x
lc. A curve is given by the parametric equations x=6¢ and y =1-cos.
2 marks
Find 9 in terms of .
dx
2017
x?-1
3. On a suitable domain, a function is defined by f(x)= e2
Find f”(x), simplifying your answer. x -1 3 marks
. 2x3+1 . . . .o dy
11. Given y=x , use logarithmic differentiation to find E
Write your answer in terms of x.
5 marks
18. The position of a particle at time # is given by the parametric equations
X =1 cost, y=tsint, t>0.
a) Find an expression for the instantaneous speed of the particle. 5 marks

Vi

The diagram shows the path that the particle takes. % \

)

\ o
. o LN
b) Calculate the instantaneous speed of the particle at point A. \ 2 marks
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1. (a) Given f(x)=sin"'3x, find /" (x). 2
&>
(b) Differentiate y = . 2
7x+1
(c) For ycosx+ y* = 6x, use implicit differentiation to find % 4
' dx

6. On a suitable domain, a curve is defined parametrically by x =7*+1and y = In(37+2).

5

1
Find the equation of the tangent to the curve where 7 = 3

13. An engineer has designed a lifting device. The handle turns a screw which shortens
the horizontal length and increases the vertical height.

The device is modelled by a rhombus, with each side 25cm.

The horizontal length is x cm, and the vertical height is #cm as shown.

25¢cm

h

(@) Show that h =+/2500— x2. 1

(b) The horizontal length decreases at a rate of 0-3cm per second as the handle is
turned.

Find the rate of change of the vertical height when x = 30. 5
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1. (a) Differentiate f(x)=x°cot5ux. 2
3
(b) Given y= y, find Q Simplify your answer. 3
x -4 dx
(©) For f(x) =cos ™' 2x evaluate f’[?]. 3

5. Forx=In(2t+7)and y=¢*,1>0, find

4

(@ o

dzy
b) —-. 2
(b) 0

6. A spherical balloon of radius »cm, » > 0, deflates at a constant rate of 60cm?3s™".

Calculate the rate of change of the radius with respect to time when r = 3. 3

[The volume of a sphere is given by V' = %nﬁ]

10. A curve is defined implicitly by the equation x> + y* = xy +12.

d
(@) Find an expression for Ey in terms of x and y. 3

(b) There are two points where the tangent to the curve has equation x =k, ke R.
Find the values of k. 2
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2001 A2 a) tan™ X+1+2x—m A2Db) g'(x)=—2€C0t2xCOSGC22X w
d -y _
hic A A A7b) 3y=4-x
ATa) dx x+2y )
2002 A3 f'(x)zz\l/_ex(l—2x) A4. a) f'(x)zz\l/_ex(l—2x) b) a=2, b=-4
X X
2003 Al a) f'(x)=(1+1Ix)(1+x)° Al b)%=ln3y=ln3.3x A3 y=x-1
X
2—8xtan' 2x
2004 la) f'(x)=(1-sin2x)e™; f'(1j=o Ib) () =—F——v—
& Seosd 4 b p (1+4x*)
3 " “ssing 30) x+y=5v2
2005 1a) f'(x)=3x"tan2x +x’(2sec’ 2x)
dy x*+2x-1 2 2x 1+x°
Ib)y .= 2 1= 7 Of N 2
dx (1+x) (1+x) (I+x) (I+x)
2) x=0orx=4
1 cosx
15) f'(0== k=2
) 2(sinx)y2
1 —Inx
(X )= —mMM 2b) '"(x) =
2006 2a)f()(2+x)m S'(x) .
2 —
4a) Qzl__y 4b) d{:2(y2 1)
dx X dx X
dy 1
11) proof RCA
)P dx 1+x°
d X n4(x’+
2007 28.) f'(x)=2cos2xexp(sin2x) 2b) d—i:2xln4.4( 1) or 1114.2)661 D
13a) d—y:—c0t2t. x+y=42 13b) k=-1
dx
-3 3cos’ 0
2a2) f'(x)= 2b) f'(x)=
2008 2) m A 2sinf
—_ 2_
sa) Do —) 0w 5b) Syt 7x=12
dx  2xy+3x
9a) sec’x  b) Proof ¢) tanx—x+c
15) —— b) (e, ) Min ) x =y Lo
x(lnx)3 ) x=e :>y—Ee
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1 dy _ 1 dy
2 1 = - 1 —_—=—— 11) x=1, =1 and —=3
2009 a) x=2and x J b) 2 ) y e
3 21 t _ 3 2
2010 1a) f'(x)=e'sinx’+e"(2xcosx?)  b) g'(x) = (1+ tan x) T e X
(1+tan x)
d 3 3
13) 2 -2 102 a=30, b=-30 2y+8x=5
dx
dy 2 dy 4 2 2 dy
Y- @ _ 3 D24
2011 3a) I 1+e 3b) » cos” x—3sin” xcos” x 7) e
2 2 2
_ _ - 4
2012 la)f()M 3, @73 dy raAss
(x +1) dx 2+t dx (2+t)
' _(1_: 2
1b) g'(x)=(1—sin2x)tanx Whent:\/gdj; 3+44/3+3 20
dx (2+ 3)’
2013 2) e sinx(Zcosx—sin2 x) which gives a minimum.
2
1y 4 _, Whentz—ﬁdy 3-4V3+3
dx & hoB)
d’y 13 which gives a maximum.
2 = 2
dx At a point of infexion j f =0.
X
6
2014 ) a) b)—x4 In this case, that means
(x? +1) 1+9x .
£ +4t+3=(t+1)t+3)=
dy 2(1+t) 2+ 242 and this has exactly two roots.
or =3,b=-2
Y i C(1e22) 128 6) a=>
—5x* —2x+1
2015 2.a) X —2x+10 b) 2e* sin3x(sin3x+3cos3x) 4, 2y+x=5
(X2+2)Z
6. d_y=2xln3_3)rz 8. —2+/t+1.cosec’t
dx
2016 latan 2x4—= L
a.tan” 2x+——— — 2
2016 154 1b. (1+4x2)2 lc sint
2ue fxl-2 .. el o 2
2017 3 ( ) Q) 11. Y 6 lnx+ )
( 2 ) dx T X
18. \/(cosr—rsinr):—(sinr+rcosf): t=3n speed = J1+9n"  (7)
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3 b a’_y_esx(35x—2) c dy _6+ysinx
1-9x7 dx (7x+1)2 dx cosx+2y

13.a) proof b) 0-225cm/s

201

1.a) 6x’ cot5x—5x°cosec?5x b) —27x* c) —4
(' —4)

5.a) 26* +7t b) %(2t+7)(4t+7)

10.0) D _y-2x b) k=44

2y—x

6. 2y=—9x+10

5 »
6. ———Cms
3n
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