INTERNATIONAL BACCALAUREATE - IB DIPLOMA -
MATHEMATICS: ANALYSIS AND APPROACHES - SL « EXERCISE SHEET

5.3 Chain, product and quotient
rules; kinematics

Name: __ Class: ____ Date: Total: 30 marks
KEY WORDS chain rule e product rule e quotient rule o velocity

o acceleration o displacement

Objective

Build the skills to answer exam questions on the chain, product and quotient rules
and on kinematics

You must be able to:

e use the chain rule for composite functions

e use the product and quotient rules

e use v = % and a = d_:7 and find displacement and distance from v(t)

o find maxima, minima and points of inflection of harder functions
1 Key knowledge and worked examples

B Chain, product and quotient rules; kinematics

rule for derivative
chain  y=f(g(z)) f'(9(z))d (x)
product y = wuv w'v + uv'
. U u'v — uv'
quotient y = — —
v v

ds dv
Kinematics: displacement s, velocity v = e acceleration a = e The particle is

at rest when v = 0. Displacement = [vdt. Distance travelled = fttf|v| dt: the
particle changes direction where v changes sign.

Worked example. y = z?sinz: 3y’ = 2xsinx + x2 cosx (product rule).

Answer shapes: name u and v, write «’ and v, then put them into the rule.
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2 Practice

2.1 Differentiate y = (3z + 1)°. 2]

e —>(3z+1 }]—( ()° )

2.2 Differentiate y = x%e37. k

[u:zz} X (u:e?’z}

L

1
2.3 Differentiate y = iy 3]
x

vV =

d
2.4 y = sin(z?). Find d_y’ and find the gradient at x = /7. 3]
x

LA N
VY

Y
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3 Exam-style questions

3.1 A particle moves in a straight line. Its velocity is v = t> —6t +8 m s~ ! for 0 <t < 5,
and it starts at s = 0.

(a) Find the times when the particle is at rest. 2]
(b) Find the acceleration at ¢ = 1. 2]
(c) Find the displacement at ¢ = 3. 2]
(dj Find the total distance travelled in the first 5 seconds. 3]

/

o ™ne—" 5 -
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3.2 f(x) =ze " for x > 0.

(a) Show that f'(z) = e (1 — x). 2]
Yy
o > T
(b) Find the coordinates of the maximum point. 2]
(c) Show that f"(z) = e *(z — 2). 2]
(d) Find the coordinates of the point of inflection. 2]
€) rm € equation o e tangent a € origin. 2
Find th tion of the tangent at the origi
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Solutions

Marking: M1 a correct method, A1 the correct answer, B1 an independent mark.

Each answer shows the steps, then the result.

2.1

53z +1)* x 3 =15(3x +1)*

2.2

u =2z, v = 3e%; 2xe’” + 3r?2e’” = xe**(2 + 3x)
2.3

i —Inz-1 1-Inx

2 x2
2.4

2z cos(x?); 2¢/m cosm = —24/7 (—3.54)
3.1
(a) (t—2)(t—4)=0;t=2and 4s
(b) a =2t —6; a=—4m s>
(c) s=5% —3t?+8t; 5(3) =6 m
@ f> |v\ dt; 2 +3+3 =2(933)m
3.2
) product rule: 1-e* 4z (—e); =e (1 — 1)
)

(
() x=1; (1,¢)

(¢) —e™"(1—z)+e"(=1); = e "(x—2)
(

(

a

d) z =2, and f” changes sign there (R1); ( %)

&) f(0)=Ly=x
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