9 Differentiation

m Differentiating sinx and cos x
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Find & given that:

dx
: d
a y=6sinx b y=—3sin%x c y=%sin5x Ify = sinkx, thena{gszOSkx
: ; = dy :

If y = coskx, then & = -
d y=cosdx e y=>5cosbx fy= —%cos Tx ’ cos’kx then dx e
Find f'(x) given that: m Diff"érentiate” each term separately.
a f(x)=4sinx—3cosx
b f(x)= %sian +4cosx — 6sin%x
¢ f(x)=5x -4 _6sindx d f(x) =& +3coslx

o X 3 X 6

f(x) = 5sinx — 3cos x. Find the x-coordinates of the
stationary points on the curve with equation y = f(x)
in the interval —-180° < x < 180°.

m Stationary points occur when the
gradient is equal to zero.

f(x) = x — cos 2x. Find the equation of the tangent m
First differentiate to find the
to the curve at the point (%, % = :
p 4°4) gradient, m. Then find the equation of
the tangent using the equation

y_yi =m(X—x1)
+ Year 1, Section 12.6

f(x) = 6sinx — 3cos2x
Find the stationary points of the curve y = f(x) in the
interval 0 < x < 27 (6 marks)

g(x) = 6sin2x — 4 cos 2x. Find the equation of the normal to the curve with equation y = g(x)

at the point (7, —4). (5 marks)
h(x) =3sinx —4cosx + %xz. Show that the equation of the tangent to the curve with equation
y = h(x) at the point with x-coordinate g is8y— (32 +4m) x=24- 16— 7> (6 marks)
Prove from first principles that the derivative of cosx is —sin x. (5 marks)

m Differentiating exponentials and logarithms

1
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Differentiate: mif y= = s
a 6 b 5> —Te ; dx

7 (L= ey
C ? d o
Find f'(x) given that: @ =
a f(x) = In2x b f(x)=Inx? = =

First expand the expression using laws

¢ f(x)=1In (%) d f(x)=1n(4x?) of logarithms. - Year 1, Section 14.5
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Differentiation

Find % given that: m fy=— ak%,y":Wh‘ére kis a‘,:rea’l constaﬁt
ap=3" b y=5> and a > 0, ‘then;j—;: a*kina

¢ =) a5

Find the equation of the tangent to the curve y = 4~ at the point with x-coordinate —%

Given f(x) = e+ 2Inx?, find f’'(x). (3 marks)

A curve has equation y = 3e* — Inx*. Show that the equation of the normal at the point with
x-coordinate 1is x + (3e —2)y —9e?+ 6e -1 =0. (6 marks)

f(x) = 4*+ 4. Show that the equation of the of the tangent to the curve with equation y = f(x)

at the point with x- coordlnate Sisy=(In8)x + =— —ln 8. (6 marks)

f(x) = 9%+ 36

. a Demonstrate, clearly showing all your steps, that f(x) can be written in the form a(3*)

where a and k are constants to be found. (2 marks)

b Hence, or otherwise, show that f'(x) = (41n3)(3%+") (3 marks)

m The chain rule

Find 9 for each of the following: = :
e | m If y = (f(x)), then j—i: nlfte= i)
a y=(4-3x)3 b y=(6+5x)
c y=(5+2x%* d y=(7+3x%»3
6 1

(4] = f — =

Y G- 5x Y e-x
g y="3+2x* h y=+7x*-4
Differentiate: =

) ) @ You can use the chain rule to

a y=sin’x b y=Inx differentiate a functlon ofa'funétloﬁ
¢ -y = ghne d y=(Inx)? If y = f(g(x)), then f'(g(x)) ().
e y=In(cosx) f y=sin(e™)

f(x) = (3 -In6x)?
a Find f'(x). b Evaluate f(%)
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Find the value of ay at the point (3, 6) on the m - g_x

dx ,

curve with equation 2y% —4y = x. Thol 2 i facftha oy 1
b e

A curve has equation y = (2x — 3)°. Find the dy
equation of the normal to the curve at the point P
with x-coordinate 2. (5 marks)
f(x) = oy 6 Sk x # 6. Find the tangent to the curve with equation y = f(x) at the point P with
x-coordinate 4. Give your answer in the form ax + by + ¢ = 0. (7 marks)

f(x) = 3sin?x — 2 cos?x. Show that the equation of the tangent to the curve with equation

y = f(x) at the point Q with x-coordinate —% is 12y — 30V3x - 252V3 + 9 = 0. (6 marks)
The curve C has equation x = —2sin4y. Show that the equation of the normal to C at the
point 4 with y -coordinate 27 isdx+y+4V3 -2L=0. (6 marks)

Find the equation of the tangent to the curve with equation y = 2*” at the point with
coordinates (-1, 2). Give your answer in the form ax + by + ¢ = 0, where a, b and c are exact
values to be found. (6 marks)

The product rule

T2

dy
Find —— for each of the following:

dx mlfy=uv,then—cpi:u—@—+v§z,
a y=x(4-5x)° b y=3x32x-1) dx dx dx

where 1 and v are functions of x.
c y:%(6x—7)4 d y=8x2(2x"—4)3
Find f'(x) given that:
) m If f(x) =g(x)h(x) then

a f(X) = x2cos2x b f(_X') =e**sin Sx f’(x)z g(x)h’(x) oL h(x)g/(x)
¢ f(x)=e>*(2x*+ 3)° d f(x) =—-3cos4xsin2x
e f(x)=xInx f f(x)=e*In(cos3x)

. dy ] N
Find the value of — at the point (1, 4) on the m e
dx . dy s
curve with equation y = 4x3(1 — 2x?)*. e
Differentiate with respect to x:
a [x'-3x")e ™ b (4cos2x —sinx)e’* ¢ (xz— 5003%x)1n4x
Differentiate with respect to x:

a e*cos3x (2 marks)

b x*In(sin x) (2 marks)




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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