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Question 1 — Worked Solution

(@) y=sin3x = g—§=3c053x

(b) y=-cos(x?) = % = —sin(x?) - 2x = —2xsin(x?)

dy
— ~4x — 4x

dy _ 2

(d) y=In(2x+1) = ax  Ix+1
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Question 2 — Worked Solution

(@)

y=(3x2+1)5, % = 5(3x2 + 1)% - 6x = 30x(3x2 + 1)*

(b)
rody _1,3 -1 2 3x2 =2
y=(x3=2x)2, Z=2(x3-2x):-(3x2-2)=—2X—"2_
dx 2 2Vx3 —2x

()

dy

d—x=e5‘”x-cosx

y = esinx
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Question 3 — Worked Solution
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(a)y:xzsinx: u:xz,v:sinx

% = 2xsinx + x2cos x = x(2sin x + xcos x)

(b)y =e*cosx: u=e*, v=rcosx

d . :
d—i = e*cos x + e*(—sinx) = e*(cosx — sinx)

(c)y:x3lnx: u=x3,v=Inx

=3xX%Inx+ x2=x%3Inx+ 1)

X|—=

9 _ 3x2nx +x3
dx
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Question 4 — Worked Solution

(@) y =sinx/x: u=sinx,v =X

dy _ xcosx —sinx
ax x2

(b)y = eX/(x®+1): u=e* v=x%+1

dy eX(x*+1)-eX(2x) _e*(x?—2x+1) _eX(x—1)2

dx (x2+1)2 x2+1)2  (x2+1)?

(c)y=Inx/cosx: u=Inx,v=cosx

In xsin x

dy xcosx—Inx(—sinx) _ cosx
cos? x

= = = +
dx cos? x XC0S2 X

= se)gx + In xsec xtan x
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Question 5 — Worked Solution
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(@) y =In(sin x)

Chain rule: outer = In, inner = sin x

_ CosXx
dx sinx sin x

(b) y =sin(In x)

Chain rule: outer = sin, inner = In x

dy 1 _ cos(Inx)
ax = cos(Inx) - = ———
® * %k k k Join students already acing their iAL exams.
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Question 6 — Worked Solution

y = xe

dy

=+ xeX=eX(1+x
ax ( )
At x=1:y =e, dy/dx = 2e

(a) Tangent
y—e=2e(x—1) = y=2ex—2e+e=2ex—e
Oy =e(2x—1)
(b) Normal

Normal gradient = -1/(2e).

ce=—1 __x 41
y—e 2e(X l)=>y 2e+2e+e
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Question 7 — Worked Solution

Differentiation
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(a) Show dy/dx = xe X(2-x)
Product rule with u=x?, v=e™:

dy _

2L =2xe X+ x*(—e¥)=e¥(2x —x?)=xeX(2 — x)

dx
(b) Stationary points
xe™X(2—-x)=0=x=0o0rx=2
x=0:y=0 = (0, 0)
x=2:y=4e7? = (2, 4e7?)
Second derivative test or sign of dy/dx:

x=0: dy/dx changes —to + - minimum

x=2: dy/dx changes + to - — maximum

OMin at (0, 0); Max at (2, 4e72)
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Question 8 — Worked Solution
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(a) dy/dx

Product rule with u=x, v=In x:

dy

—~Z =Inx+x-

adx

X

1=Inx+1

(b) Stationary point

Inx+1=0=Inx=-1 = x=e!

|

Join students already acing their iAL exams.
Book your FREE lesson at



International A-Level Pure 3

Question 9 — Worked Solution
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Find tangent to y = e2/(x+1) at x=0

2X

Quotient rule with u=e*”", v=x+1:

dy 2eX(x+1)—e® e¥(2x+1)

dx (x + 1)2 (x +1)2
At x=0: y= e¥1 = 1, dy/dx = eo(l)ll =1

y—1=1(x-0)

Oy=x+1
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Question 10 — Worked Solution

Prove d/dx(tan x) = sec?x

Apply quotient rule to y = sinx/cosx with u=sinx, v=cosx:

dy _cosx-cosx—sinx-(=sinx)
dx cos? x

_ cos?x +sin’x
cos? x

Use sinzx + coszx =1:

= % =sec’x v
COS“ X
s %%k kK& Join students already acing their iAL exams.
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Question 11 — Worked Solution

Differentiation
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2
Differentiate y = e* In(cos x)

Product rule with u=e*’, v=In(cosx):

du _ 2 dv _ —sinx _ _
% = 2xe*X’In(cos x) + eX’(—tan x)

= eX2xIn(cos x) — tan x]

dY_ X3 —_
Dd_X_e [2xIn(cos x) — tan x]
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Question 12 — Worked Solution

(a) Find dy/dx
Product rule with u:xz, v=sin(3x):

% = 2xsin(3x) + x2 - 3cos(3x) = 2xsin(3x) + 3x%cos(3x)

(b) Show d2y/dx2 = 2sin3x + 12xc0S3X - 9x2sin3x

Differentiate dy/dx = 2xsin(3x) + 3xzcos(3x) using product rule on each term:

C%([szin 3x] = 2sin 3x + 2x - 3¢0s 3x = 2sin 3x + 6xC0s 3x

%{[3x2cos 3x] = 6xc0s 3x + 3x2(—3sin 3x) = 6xcos 3x — 9x?sin 3x
Add:

d?y

Frci 2sin 3x + 6xcos 3x + 6xcos 3x — 9x2sin 3x

= 2sin 3x + 12xcos 3x — 9x%sin3x v
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Question 13 — Worked Solution

Differentiation
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(@) Showy =1 -cos x

Use sin’x = 1 - cos®x = (1-cosx)(1+cosx):

sinx__ (1 —cosx)(1+cosx) _ 4

Y=T¥cosx 1+ cosx
(b) dy/dx

dy .

—— =SInX

ax
(c) Stationary points in 0 < x <21

sinx=0=x=0, , 2n

Ox=0, x=n x=2n
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