Differentiation

. 6 a A curve C has equation y = 2x*(2 — 5x?)3. Show that gy =x3(2 = 5x)"(ax?*+ bx + ¢),
where n, a, b and ¢ are constants to be found. (4 marks)

b Hence find the exact x-coordinates of the stationary points of C. (4 marks)

7 The curve C has equation f(x) = e*sin x.

a Show that the turning points of C occur when tanx = —% (3 marks)
b Show that the equation of the normal to C at the point where x = g is
X +4e’™y — detr — g ={) (3 marks)
8 A curve has equation y = (x — m)sin 2x. Show that the equation of the tangent to the curve at
the point with x-coordinate % Sx+y=m. (6 marks)
m The quotient rule
Find f'(x) given that: = :
-  Hint JRRSE-(C
_4x+3 h(x)
a flx) =575 b f(x) = 5 ,
e . * o h(x)g'(x) — gh (x)
__1-8x _Ix*-9x e G
¢ =gy 1A
o dy Tl
2 Find . for each of the following: m i dv
_ 4x? _x—e~ Fp=t S e Mwhere
ay= b y= dx i
cos2x In x :
_ uand v are functlons of x.
cy= ¢* dy=5._eﬂ ‘
cos?x sindx
. . ’ : _8—-2x 7
3 Find the gradient of the curve with equation y = A i at the point ( 53 )
4 The curve C has equation y = ij@g
a Find g_y b Find the equation of the normal to C at <1, - %)
d
(® 5 Giveny=32X fip d y (4 marks)
@ 6 Differentiate —— ( — 5) with respect to x. (4 marks)
7 The curve C has equatlon g 2y
point where y = § in the form ax + by + ¢ = 0. (6 marks)

@ 8 The diagram shows part of the graph with equation

= f(x), where f(x) = COS X

a Show that at the statlonary points 4, B, C and D,

either cosx =0 or tanx = —% (4 marks)

b Hence, or otherwise, find the x-coordinates of the
points 4, B, C and D, giving your answers in radians
to 2 decimal places. (2 marks)
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Find dy given:

dx
a y=tandx b y="7cot2x
¢ y=cot’x d y=-3tan’x

Find b given:

dx
a y=cosecbx b y=-4sec5x
¢ y= (cosecx)g d y=-2sec’4x
Find f'(x) when f(x) is:
a x’tan3x b ism
xt+1
¢ In(cosec?x) d e>*cotdx
sec?x £ (4x-1)°
Inx cot’x
Given that x = sin2y,
dx ..
a find T in terms of y.
dy .
b Hence find —— in terms of x.
dx
. dy
Show that if y = cosecx, then dx = ~cosecx cotx.

f(x) = In(cot2x)
a Show that f'(x) = —4cosec4x.

b Find the equation of the normal to the curve y = f(x) at the point with x-coordinate

The diagram shows part of the curve y = f(x), where VA

f( x) - etan%x

Point 4 is the y-intercept of y = f(x). The tangent
and normal to the curve y = f(x) at 4 intersect the

x-axis at the points B and C respectively.
Find the area of triangle 4 BC.
Given that x = sec4y,

dx -
a find i in terms of y.

b Hence find % in terms of x.

(8 marks)

m Differentiating trigonometric functions

m 1f y =tan kx, then %}c_ = ksec?kx

Ify=cot kx ktkfhenf’g—i = —kcosec?kx

m If y = coseckx, then

% = —kcoseckx cotkx
If y = seckx, theng)—):kseckx tankx
Y dx -

m Use the product rule or quotient rule
in addition to the chain rule and standard
rules for differentiating trigonometric
functions.

m Use the identity sin?4 + cos? 4 =1 to
write cos2y in terms of x.
~ + Year 1, Section 10.3

(5 marks)

(5 marks)
n
8
(3 marks)
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(4 marks)
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Differentiation

m Parametric differentiation

Find % for each of the following, leaving your

: m If x and y are given as functions of a
answers in terms of the parameter .

dy
ax=4r-1,y=27 parameter, £, then Ll
o) dy do
bx=ﬁ,y=4—t2 dt
¢ =3 y=[fe"
d x=4sint,y=Stant e x=4e¥-1,y=2e'+4 Fx=2r-13p=Int
A curve C has parametric equations x = tanz, y = sect. Find:
a oy in terms of the parameter ¢
dx -
* m Substitute 7 = % into the original
b the equation of the ﬂtangent to the curve at the equations to find the e ot

point P, where ¢ = T

A curve C has parametric equations x = 1 — %, y = 3 + 2¢>. Find:

dy .
a d—i in terms of the parameter ¢

b the equation of the normal to the curve at the point P, where ¢ = -3.
Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are constants to be found.

A curve C has parametric equations m dy

x=1-c0s20,y =4sin20, - < 0 < . Find: Solve e find the values of
dy . 0 at the points with zero gradient, then

o P IS of fhc paTamerct o substitute into the original parametric

: . ] . equations to find the coordinates.
b the coordinates of the points with zero gradient . = =

on the curve C.

The curve C has parametric equations x = 2sec0,y =4cos’0, -t < 0 < 7.

a Find an expression for % in terms of the parameter 6. (4 marks)
b Find an equation of the normal to the curve at the point where 6 = % (4 marks)

The curve C has parametric equations x = (1 —2)>,y=t>+4¢,t €R.

The line /is a tangent to C and is parallel to the line with equation y = 2x - 9.

Find the equation of /. (6 marks)
The curve C has parametric equations x = —2sec2t, y = 2cot ¢, —g == %
a Find an expression for % in terms of the parameter ¢. (4 marks)

The point 4 with coordinates (—4, —2V3) lies on the curve C. The line /is tangent to C at A.

b Show that an equation for /is x\3 + 3y + 10N3 = 0. (4 marks)
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(E/P) 8 The curve C has parametric equations x = —L—, y = Lty
d -7/ "
The line /is normal to C at the point where ¢ = ~%
a Find an equation for the linc /. (6 marks)
b Show that a Cartesian equation for the curve Cis y = % (4 marks)
m Implicit differentiation
1 By writing # = y° and using the chain rule
’ m d
show thati(yS) = 5y4ﬂ Use%:ﬂ—;x%
dx dx
2 Show that i(x3yz) = 2x°y g + 3x2y? @
dx dx Use the product rule and the fact
i Zy — n_ld_y
that T G2 =ny 0
. dy. ' :
3 Find d_y in terms of x and y where: m = = =
' * When you differentiate implicitly, your
4 3 _
a xt-y’=3 expression forg—iwill usually involve both
b 3x2+4y*—5x%y=2 xand y.
5y?
Cy = =2
d4ln(x-5) -In(y¥)=0 e cosx+sin?y =1 f xe?V+ye*-7=0
4 The curve Cis described by the equation

(E/P) 8
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x?2—4x%y +y?=21
m For part b, substitute x=2and y =-1

a Findd—y ,
dx - : dy
dy . into your expression fora
b Evaluate dx at the point (2, -1).

¢ Find an equation of the tangent to C at the point (2, —1).

Find the gradient of the curve with equation 3x? - y* — 5xy =1 at the point (2, 1). (5 marks)

Given that e™ — e = 4xy, find % in terms of x and y. (5 marks)

The curve C satisfies cos2x + sin2y = 1, where —% X % and 0 <y < %

a Find an expression for % (3 marks)

b Find an equation of the tangent to C at the point P with x-coordinate ——%, giving your
answer in the form ax + by + ¢ = 0, where a, b and ¢ are constants to be found. (5 marks)

A curve C'is described by the equation 4x? + y*+ 6x— 8y — 10 = 0.
Find an equation of the normal to C at the point (1, 8), giving your answer in the form
ax + by + ¢ =0, where a, b and ¢ are constants to be found. (7 marks)
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(E/P) 7

(E/P) 8

Differentiation

m Using second derivatives

Hx) = e~ cosZx

m To find f"(x), differentiate f'(x).

a Find f'(x). b Find f"(x).
f(x) = 8x2 + 3¢ |

Find m The function f(x) is convex on the
A Eha ) ' interval [a, b] if and only if f'(x) = 0 for
b Hence show that f(x) is a convex function for every value of x in that interval.

all real values of x.

— <

f(x) = cos2x, 5 SHES 5 m —— ,
a Find {'(x). The function f(x) is concave on the

interval [g, b] if and only if f'(x) < 0 for

b Find the range of values for which f(x) is every value of x in that interval.

concave.
f(x) =x2x-1)°

2 R ik and £10). m A point of inflection is a point at which

b Show that f”(x) =0atx= % and x = % f'(x) changes sign. To find the point of
inflection, solve f'(x) = 0, then check that

_ l % . 3 o

¢ Show that x Fe- B oint of 1nﬂ”ect10n by '(x) has different signs on either side of

d'emonstra'ltmg that £7(0.1) and £7(0.2) have  that point.

different signs.
Find the interval on which the function f(x) = x* — 8x* + 6x — 2 is convex. (4 marks)
f(x) = x(2x - 5)*
a Find f'(x) and f"(x). (4 marks)
b Show that f(x) has a point of inflection at x = 1. (3 marks)
The curve C has equation y = f(x) where f(x) = sm;xlx =T < %
Determine the range of values for which f(x) is convex. Give your answer to 2 decimal places
where necessary. (6 marks)

f(x) = x’¢*. Find the exact range of values for which the curve C with equation y = f(x) is
concave. (6 marks)

@ Rates of change

1

Given that §'= 6x%and that 9% = 2

s de =¥ m You can use tﬁe chaih rule to connect "

a find i rates of change in 5|tuat|ons involving two
ds_dS , dx
b evaluate c(lif when x = 3. s dt dx df




