Author: Mr Fan

This step-by-step solution guide has been created
by Mr Fan for educational purposes. While we
have made every effort to ensure the accuracy of
the information presented, it is possible that there
may be errors or omissions. We encourage users
to critically evaluate and verify the content. BF
Maths and the author cannot be held responsible
for any errors or inaccuracies in this guide.

If you find any mistakes or have any suggestions
for improvements, please contact us

at bfmathshello@gmail.com. Your feedback is
iInvaluable in helping us maintain the quality and
accuracy of our resources. Please specify which
exercise and which question in the email.

Thank you for using BF Maths for your maths
revision!
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11.3 - Maxima and minima problems If you need help on this
chapter:
Qla) s = 3t + 0.25t2 — 0.25¢3 A-Level Maths | Mechanics
Factorising —¢ to make Year1 | 11.3 - Maxima and
s = —t(0.25¢t2 — 0.25t — 3) ;\ the £2 term positive for minima Walkthrough | Edexcel
guadratic factorisation
s=—t(t—4)(t+3) on the calculator
\, s=>0onlywhen0<t<4
p 5 > ¢
4

Q1b) Max distance: % =0
ds
— =3+0.5t—0.75t2 =0

dt
t=2360r — 169
Whent = 2.36, s = 3(2.36) + 0.25(2.36)% — 0.25(2.36)3
s=5.19m (3s.f.)

Q2a) v = t*(t — 5)* => Quartic graph Watch this video if you need help

5 5 o on sketching quartic graphs:

Whenv =0,0 = t*(t — 5) A-Level Maths | Pure Year 1 |

) N 4.2 - Quartic graphs Walkthrough

t = 0 (double root), t = 5 (doube root)

N v
0 4téo
~ > ! b}
\ D ¥ v
st Pos ¢t

Q2b) Max value of v : % =0
v =t*(t—5)*
= t2(t? — 10t + 25)

=t* —10t3 + 25t2
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11.3 - Maxima and minima problems

Q2b continued

dv
— =4t3-30t2+50t=0
dt

t(4t> =30t +50) =0
t=0o0r250r5
Vmax happenswhent = 2.5

Vimax = (2.5)%(2.5—5)2 = 39.0625ms ™!

Q3a)s = 0.5t3 — 0.45t%> — 2.1t + 6

ds
v=—=15t>-09t-2.1
dt

dv
Umin MeaNs —— = 0

dv—?)t 09=0
dt U

3t=0.9

t= 03;9 = 0.3 second

Q3b) When t = 0.3, s = 0.5(0.3)3 — 0.45(0.3)? — 2.1(0.3) + 6 = 5.343m
Q3c)Whent = 0.3, v =1.5(0.3)2-0.9(0.3) — 2.1 = —-2.235ms"1

Q4a) s = 5t3 — t*

Return to starting point = displacement=0=>s =0

Whens = 0,0 = 5t3 — t*

0=t3(5—-t)=>t=0o0r5

- Particle returns to starting point after 5 seconds.

Q4b)s =t3(5 —t)

When0<t<5,t3>0and(5—-t) >0

Therefore s > 0 (non-negative)
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11.3 - Maxima and minima problems

Q4c) S;pax When % =0

ds
— =15t2—4t3 =0

dt
t?(15—4t) =0
f—0 15

= or 4

1

Whent=—5,s=5(1—5
4

, )3 - (1—5)4 = 65.9m (3s.))

4

Q5)s =0.5t3—-0.3t2 - 08t +6

v=%-15:2_06t—08
dt

dv
Umin- E =0

dv—3t 0.6=0
dt T

t=—=0.2
3

Whent = 0.2, s = 0.5(0.2)3 — 0.3(0.2)2 — 0.8(0.2) + 6 = 5.832 m

Q6a)
Method 1 (discriminant) Method 2 (min. point)
Never comes to rest = v never equalsto 0 v=3t2-6t+8=0
= 2 _ = dv

Whenv =0, 3t 6t+8=0 6

dt
b? — 4ac = (—6)?> — 4(3)(8) = -60,< 0

dv
Vmin at E:():)t:].

~ no real roots
Whent=1,v=3(1)>-6(1)+8=5

= Particle never comes to rest
Min. point = (1, 5)
The equation does not intersect with x-axis

~ no real roots

~ Particle never comes to rest
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11.3 - Maxima and minima problems

Q6b) v =3t?> -6t +8

dv—6t 6
dt

Vminat S =0=6t=6=t=1
Whent =1, Uy, = 3(1)2 —6(1) + 8 = 5ms™1!

Q7) To verify if the car will ever reach the end of the track, is Max Displacement > 5 km?

ds
Smax * dt =

ds
— =48+4+24t—-0.03t2=0
dt

t = 81.85 or —1.95 (rej.)

When t = 81.95, s = 4.8(81.95) + 1.2(81.95)? — 0.01(81.95)3

s =2948.7m = 2.9487 km ,< 5km

=~ It never reaches the end of track. (How this question is worth 7 marks | have absolutely no idea!)

Q8)v=at?+bt+c

W _ ot +b
at ¢

Whent =3, = =0
=2a(3)+b=0

6a+b=0—(1)

Whent =0, v=28

=28 =a(0)2+h(0) +c=c =28
= v = at? + bt + 28

Whent =3, v=1
=1=a(3)?>+b(3)+28

9a +3b =-27 —(2)
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11.3 - Maxima and minima problems

Q8 continued

Solving equations @ and @ simultaneously:

v =23t —-18t + 28

Acceleration = % =6t —18
Whent =4,

a=6(4)—18 =6 ms?

Page 6



