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1 Prove, from first principles, that the derivative of sin x is cos x.

inh cosh—=1 o}
You may assume the formula for sin(4 + B) and that as h — 0, ﬂ:— — 1 and -——“‘h 0 S

2 Differentiate:
a y=20C0sx b y=2$in%x ¢ y=sin8x d y=6sin%x

3 Find f'(x) given that:

a f(x)=2cosx b f(x)= 6cos%x ¢ ftx) = 4cos%x d f(x)=3cos2x
4. Find L given th
ind 7= given at:
a y=sin2x + cos3x b y=2cos4x —4cosx + 2cos7x

¢ y=x*+4cos3x d yz—_l+2.7;sm5x

5 A curve has equation y = x — sin 3x. Find the stationary points of the curve in the interval

O0sx<n.

2 s : ; i
6 Find the gradient of the curve y = 2sin4x — 4 cos 2x at the point where x = IE
1t Let flx) = sinx - .
Pm:mﬂxd»h)—fm:sin(x-rh)—sinx 2 a -2sinx b ces 2x-
h—0 h h ‘ ¢ 8cos8x d 4sin Txe
=limsinzcosh+cosxsinh-sinx 3 a -2sinr b -Sax fx
h—0 h ol - d -6 l;-
3 ¢ -2sini=r -§ sia
= lim{(co———Sh = 1) sinz + (s_mh) cosx] 3
h=0 h h
since 232=1 _, 0 and S22 _, 1 the expression
B A P 4 a 2c0os2x-3sin3x b -8sin4x +4sinx - 14sin 7y
inside the limit — (0 x sinx + 1 x cosx) T > 1
¢ 2x-12sin3x d o 10cos 5x
So lim SR + A —sinx _ 5 (0.41,-0.532),(1.68, 2.63), (2.50, 1.56)
L e 6 8 7 (0.554, 2.24), (2.12, -2.24)

Hence the derivative of sinx is cos x.
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1 a Find 5% for each of the following:
a y=4e™~ b y=3" c y=(%)- d y=In5x
1\ (1 +e¥?
e y=4(§) f y=In(2x3) g y=e¥ — e Hop =5
2 Find f'(x) given that: : %
% 3 2x Ix X *?E
a f(x)=3% b f(x)= (5) ¢ f(x) =24 4 42« d f(x)= 2 4-,:8 3
5

2 in parts ¢ and d, rewrite the terms so that they i
all have the same base and hence can be simplified.

Cbrioai et W s

3 Find the gradient of the curve y = (¢?* — e-2¥)? at the point where x =In3.

= 2 i : 17
4 Find the equation of the tangent to the curve y = 2¥ + 2~ at the point (2, 2 )

5 A curve has the equation y = e**
x-coordinate 1 is

y=Qe2-1)x-e+1

6 A particular radioactive isotope has an activity, R millicuries at time ¢ days, given by the

— In x. Show that the equation of the tangent at the point with |

E
3

3

dR
t’

equation R = 200 x 0.9. Find the value of —, when ¢ = 8.

d

1 a 28" b 3In3 1) a1 Vs
) A L (2) 1“2 d x
e 4(3) ln-§ i 8 3e¥*+3e% h -e*4er
2z
2 a 3*4In3 3
b (3 am3

¢ 2+#8In2 d 2%3In2-2+*In2
3 32395 4 4y=15In2(x-2) + 17

dy 1

(31

dx x

— = 2% - = Atx:l,y:eﬁ%:Ze’—l

Equation of tangent: y — e? = (2e? - 1)(x - 1)
=y=(2e"-1x-2e+1+e?=>y=02e*-1)r-e2+1

6 -9.07 millicuries/day
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1 Differentiate: . &
a (1+2x) b (3-2x%3 ¢ (3+4x): d (6x + x?)
.k £ VT-x g 42 +8x) h 38 - x)°
3+2x
2 Differentiate: :
a ecosx b cos(2x - 1) ¢ Vinx d (sinx + cos x)°
e sin(3x2—-2x+1) f In(sinx) g 2ecosdx h cos(eX +3)

dy 11
3 Giventhaty= -(-4:—1_7)2 find the value of " at (z, '4‘).

4 A curve C has equation y = (5 - 2x)%. Find the tangent to the curve at the point P with
x-coordinate 1.

; d 1
5 Given that y =(1 + In4x)3, find the value of E—i atx = Ze3. :

dy
dx
a x=y'+y

6 Find —— for the following curves, giving your answers in terms of y.

b x=e*+4y ¢ x=sin2y d x=Iny+3

dy
dx
the curve with equation 3y? -2y = x.

7 Find the value of = at the point (8, 2) on ving

Problem:sol

d y
Your expression for -(%C' will be in terms of y.

Remember to substitute the y~coordinate into
the expression to find the gradient.

d
8 Find the value of -d-i at the point (%, 4) on the curve with equation y? + y=} = x.

9 a Differentiate e’ = x with respect to y.

d
b Hence, prove that if y = In x, then % = %

1 a 8(1+2zp b 20x(3-22) S Wt Ve Saetw o d
¢ 26 +42t d 7(6 + 22)(6x + 22 7 % 8 1
o 2 et | 9 a ev=d2
2 3 + 2x)2 ¢ 27 -x i l:y
2 y=Inx e =2
g 128(2 + 820 h 18(8 - 5)- 1 .
erentiate wit i
S i b 22802z ~ 1) y e 1w1 hdx;espect to y using part a
== =2
d 5(cosx - sinx)(sinx 1 cosz)* dy of @
e (6x-2)cos(32 - 21 + 1) Shcox = . 94 1
f cotx g -8sin4x gwosi h -2e*sin(e* + 3) dr %
3 -1 4 y=-541+81 5 123

4y

1+ 3y
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Differentiate:
a x(1+3x)* b 2x(1 + 3x2%)} c X3(2x +6)* d 3x%(5x - 1)-!
Differentiate:
a e>2x-1)° b sin2x cos3x ¢ e*sinx d sin(5x) In(co
. dy : ; .
a Find the value of e the point (1, 8) on the curve with equation y = x?(3x - 1)3.
d
b Find the value of a% at the point (4, 36) on the curve with equation y = 3x(2x + 1)a.

dy

¢ Find the value of 1 2 the point (2, %) on the curve with equation y = (x — 1)(2x + 1)!

Find the stationary points of the curve C with the equation y = (x — 2)%(2x + 3).

5
A curve C has equation y = (x - 12[) sin 2x, 0 < x < 7. Find the gradient of the curve at th

.

point with x-coordinate 4

A curve C has equation y = x?cos (x2). Find the equation of the tangent to the curve Cat 1

point P (_;_r_’ —8—-) in the form ax + by + ¢ = 0 where a, b and ¢ are exact constants.

1 a (Bx+1)(18x+1) b 2(3x% + 1)2(212%2 + 1)

¢ 16x%x + 3)}7x +9) d 3x(5x - 2)(5x - 1)2
2 a -4x-3)2x-1)e*

b 2cos2x cos3x - 3sin2x sin 3x

¢ e*(sinx + cosx) d 5cos5xIn(cosx) - tanx sin5x
3 a 52 b 13 c 2“’—5

Smt

4 (2,0),(-338 5 SEE

6 \f2—7?(1r—4)x+8y-1n"2—(7"_2)=0
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o Findthevalueofa%atthepoint (l, i—) on the curve with equation y =

3x+1

R d
4 Find the value of 2 at the point (12, 3) on the curve with equation y = ks
s dx ) (2x + 1)}

; ks
equation y ==+, x 0.

po tsdfthecurveCwith
' EEs
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d y=x2tan%x+tandx-—§.>

d @83.\'
h cot’2x - 1)

¢ cosec’x d tan’x
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1 Find ay for each of the following, leaving your answer in terms of the parameter . §
3
a x=2t,y=02-3t+2 b x=32,y=28 c x=t+32,y=4¢
¥ 1 2 :
— =y - 5 o = 2— - -
d x=12-2,y=3¢ e x=1,y=3-2 fox rE e e
2t 1-2 .
= = h x=1te, y=2t = =
g x 1+t2’y 1+ 7 X y i x=4sin3t, y=3cos3t
j x=2+sint,y=3-4cost k x=sect,y=tant 1 x=2t-sin2t,y=1-cos2t

mx=e—5y=Int,t>0 n x=Int,y=~-64,t1>0 o x=e'+1,y=2¢~1,-1<r<I
2 a Find the equation of the tangent to the curve with parametric equations x =3 - 2sin ¢,
y = tcost, at the point P, where 7 = 7.

= b Find the equation of the tangent to the curve with parametric equations x =9 - 2, y = £ +
61, at the point P, where ¢ = 2. 3

at the point P, where 7 = 0.
b Find the equation of the normal to the curve with parametric equations x = 1 — cos 2z,
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b x2+5y?=14

c x?+6x-8y+5y2=13

2y
—2’ = 3 =
e 32=-2y+2xy=x X 5
h ey =xe’ i Jxy+x+)2=0

s Find tﬁ»‘equatlon of the normal to the curve with implicit equation (x + y)* = x> + y at the
point (1,0).

Find the coordinates of the points of
ero gradient on the curve with implicit

ation x2 + 4)2 »—_~6x -16y+21=0. . Find ;—‘z-then set the numerator equal to0to ﬁnd

 the x-coordinate at the points of 0 gradient. You
need“ to find two corresponding y-coordinates.

3y
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" the following functions, find the interval on which the function is:

ii concave
)=x3-3x7+x-2 b flx)=x*-3x3+2x-1 ¢ f(x)=sinx,0<x<
@ fix)=-x2+3x-7 e f(x)=ex - x2 f f((x)=lnx, x>0

2 f(x)=arcsinx, -1 <x<1
~ a Show that f(x) is concave on the interval (1, 0).
b Show that f{x) is convex on the interval (0, 1).

!
- ¢ Hence deduce the point of inflection of f.

% 3 Find any point(s) of inflection of the following functlons

g 2
!, aﬁx}zeos’x 2sinx,0< x <27 b fx)= 2: -;x l, 22
3
¢ ﬁx)—- e 4,x=:2 d f(x) = arctan x

4 f(x)= szlnx,x>0

A v equatlon{;e"(x" 2x+2)
F'md 1l _Mooordmﬁsofthestauonarypommgcanddemmm
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e a4 -
ar =6 find " when r =2,

a% dy
, .:,%&Iﬂ‘y=xe"£dihaldt—5,ﬁndawhenx-2.

3 Given that 7= 1 +3cosand that = 3, ind & when 6 =

4 Given that V=%1rr"andthat(;—l:= 8, ﬁnd%whenr:&

. ‘-‘3 A population is growing at a rate which is proportional to the size of the population.
- Write down a differential equation for the growth of the population.

lional to the product of the x- and the y-coordinates of P. The point 4 with coordinaie
Cand the gradient of Cat 4 is 3
dy :
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