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1. One end of a light elastic string, of natural length 2a and modulus of elasticity 2myg, is attached to a
fixed point O. The other end of the string is attached to a particle P of mass m. The string is vertical
with P directly above O. The particle P is pulled vertically upwards until the extension of the string is
2a. The particle P is then released from rest.

3
(a) Find the speed of P when it is at a distance 24 above O. (3]

(b) Find the initial acceleration of P when it is released from rest. (2]

(a) The natural length of the string is 2a.

Initially the extension is 2a, so the initial length is
2a + 2a = 4a

Hence initially P is 4a above O.

3 3
When P is —a above O, the length of the string is 2@ < 2a, so the string is slack. Therefore at this
point the elastic potential energy is 0.

Use conservation of mechanical energy:
KFEy+ GPEy+ EPEy= KE, +GPE, + EPE,

Initially, P is released from rest, so K Fy = 0.

Initial elastic potential energy:

2 2
P, = 2 _ (2mg)(2a)

—2
2 2(2a) mga

where A = 2mg, ¢ = 2a, and [ = 2a.

Taking gravitational potential energy relative to O,

GPEy, = mg(4a), GPE; =mg (3_a>

2
Also,
1
KE, = §mv2, EPE, =0
So
1 53
0+ 4mga + 2mga = §mv + §mga +0
6 L 43
mga = —mv° + —mga
g 2 D) g
-
—-mv*° = —mga
2 2"
Hence
v? = 9ag
S0
v = 3\/ag

Therefore the speed of P is 3,/ag.
(b) Initially, the extension is 2a, so the tension is

_ A (2mg)(2a) 9mg

T
l 2a

This tension acts downward, towards O. The weight mg also acts downward.
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So the resultant force on P initially is

2mg + mg = 3mg

downward.
Using F' = ma,
ma = 3mg
SO
a=3g

Therefore the initial acceleration is 3g downward.
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2. A light elastic string has natural length 2.5 metres and modulus of elasticity 15 newtons.
One end of the elastic string is attached to a particle of mass 0.75 kg.
The other end of the elastic string is attached to a fixed point O.

The particle is released from rest at a point A, which is 2.9 metres vertically below O.
(a) Calculate the elastic potential energy stored in the string when the particle is at A. [2]

(b) The point B is 4.0 metres vertically below O.
Calculate the gravitational potential energy lost by the particle as it moves from A to B. [2]

(c) Find the speed of the particle at B. [3]

(d) The point C' is 3.3 metres vertically below O.
Explain, showing any calculations that you make, why the speed of the particle is increasing the
first time that the particle is at C. [3]

(a) The extension of the string at A is
zp=29—-25=04m

For an elastic string,
2
EPE =
2l
So (0.4)2

15(0.
EPEy= ———
A7 79(2.5)

Hence the elastic potential energy stored when the particle is at A is 0.48 J.

=0.48J]

(b) The particle falls from 2.9m below O to 4.0 m below O, so the vertical distance moved down is
40-29=11m
Therefore the gravitational potential energy lost is
mg x 1.1 =0.75x 9.8 x 1.1 =8.085J

Hence the gravitational potential energy lost is 8.085 J.

(c) At B, the extension is
rp=40-25=15m

So the elastic potential energy at B is

15(1.5)2

2(2.5) =6.75J

EPEp =

Using the work-energy principle,
KEs+GPEA,+ EPEy = KEg+ GPEg + EPER

The particle is released from rest, so KE4 = 0. Also, from part (b), the loss in GPE from A to B is
8.085 J. Therefore
KEp = EPE4 + GPE lost — EPEpR

KEp =0.48+48.085 —6.75 = 1.815J

Now 1
3 X 0.75 x v?> = 1.815
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(d)

SO
,  2x1815

0.75

v=22ms"

=4.84

1

Hence the speed of the particle at B is 2.2ms™".
At C, the extension is
rc=33—-25=08m
So the tension in the string is
Ar 15%x0.8

T=—=————=48N
l 2.5 8

This acts upwards.

The weight of the particle is
0.75x 9.8 =7.35N

This acts downwards.

Hence the resultant force is
7.35 —4.8=2.55N

downwards, so the acceleration is downwards.

The first time the particle is at C, it is moving downwards because it has fallen from A towards B.
Since the acceleration is also downwards, the acceleration is in the same direction as the motion.

Therefore the speed is increasing the first time that the particle is at C.
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3. A particle P of mass m is attached to one end of a light elastic string of natural length a and modulus 2myg.
The other end of the string is attached to a fixed point O on a rough plane inclined at 30° to the horizontal.

The string lies along a line of greatest slope, with O below P. The particle is initially at rest on the plane
with the string at its natural length.

1
The coefficient of friction between P and the plane is —.

V3
L . . 3ga
The particle is projected up the plane, away from O, with speed -

Find the greatest extension of the string during the subsequent motion. [5]

Let x be the greatest extension of the string.
While the particle moves up the plane to this point, it is moving upwards, so friction acts down the plane.
Since the string lies along the plane, it has no component perpendicular to the plane, so

3
R =mgcos30° = gmg

Hence the friction force is

V3 1
uR=— x —mg=-mg

V3 2 2

Take the initial position as the zero level for gravitational potential energy, and take work done by friction as
negative.
Using the work-energy principle,

KEy+ GPEy+ EPEy+ Wyic = KE1 + GPE, + EPE;

2
1 3ga 3mga
KEy= - W= = KE
0 2m< 2) 1 1

Also, after moving a distance x up the plane, the vertical rise is xsin30° = Z, so

we have

I
o

1
GPEy =0, GPE; =mg (;) = 5MgT

The string starts at natural length, so

)\ 2 2 2 2
EPE, =0, EPE = _ (Gmg)r” _ mgz
2a 2a a

And the work done by friction is

1
Weric = — <§mg> T =——-mgx

Substituting into the energy equation:

2

3mga 1 . 1m - mgx
— —mar = -
1 MrT ™
So )
3
dmga _ - mge
4
Divide through by mg:
3a n 2
— =2 N
4 a
Multiply through by a:
3a? g
— =ax
4
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Hence
9 12
x —_——_—,— = 0
+ ax

Solving this quadratic,

—a++va?+3a®> —a+2a

Tr =

So

. . .a
Hence the greatest extension of the string is —.
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4. The points A and B are at the same horizontal level and are 24a apart. The ends of a light elastic string,
of natural length 18a and modulus of elasticity A, are attached to A and B. A particle P of mass m is
attached to the midpoint of the string. The system is in equilibrium with P at a distance 5a below M,
the midpoint of AB.

(a) Find X in terms of m and g. (3]
The particle P is pulled down vertically and released from rest from a position 9a below M.

(b) Find, in terms of a and g, the speed of P as it passes through its equilibrium position. [4]

(a) At equilibrium,
AM = 12a, MP = 5a

AP = +/(12a)? 4 (5a)? = 13a

Hence the actual length of the whole string is

SO

2 x 13a = 26a

so its extension is
26a — 18a = 8a

A
Let the tension in each side be T'. Using T' = Tx for a string of natural length [ and extension z,

A(Ba) _ 4X
18 9

If 6 is the angle each side makes with the horizontal, then from the 5-12-13 triangle,

Sin 13

Resolving vertically for equilibrium,

2T sin @ = mg

{(2)(3) -
9 13
40\
7™
Therefore
_ 117mg

A 40

_ 117myg
40

(b) When P is 9a below M,

So A

AP = \/(12a)? + (9a)? = 15a

So the whole string has length
2 x 15a = 30a

and therefore its extension is
30a — 18a = 12a

For a light elastic string,

2
EPE — Az”
21

where [ is the natural length and « is the extension.
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Initially,
A(12a)?
EPE, — 2120
2(18a)
=4\a
At the equilibrium position, the extension is 8a, so
2
EPE, — A(8a)
2(18a)
_ 16Aa
9
Hence the decrease in elastic potential energy is
16Aa  20)\a
dha — =
‘T 9
From the release point to equilibrium, P rises by
9a — ba = 4a
so its gravitational potential energy increases by
4mga

Using
KEy+GPEy+ EPEy= KE, + GPE, + EPE;

and noting that it is released from rest, we get

20\a 4 . 1,
=4mga + —mv
9 9Ty
117mg
Substitute A = :
ubstitute 10
20 117 1
Ta . 4(7)ng = 4mga + §mv2
13 4 n 1 9
5 mga = dmga va
5 1,
—mga = —mu
M9 =5
v? = 5ag
Therefore
v = +/bag

So the speed of P as it passes through equilibrium is y/5ag.
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5. A light elastic string has natural length 3a and modulus of elasticity 9mg.

One end of the string is attached to a fixed point O. A particle P of mass m is attached to the other end.
The particle hangs freely in equilibrium at the point E, vertically below O.

(a) Find the length OF. [4]

16
The particle is then pulled vertically downwards from E to a point A, where OA = —a, and released
from rest.

1
The resistance to the motion of P is a constant force of magnitude —mg.

(b) Find, in terms of a and g, the speed of P as it passes through E.

[7]

The particle is now held at O and released from rest.

1
The resistance to the motion of P is again a constant force of magnitude —myg.
The speed of P is greatest when it is at the point B.

(¢) Find the distance OB. (4]

(a) Let the extension of the string in equilibrium be e.
The tension is

T_ Ae  9mge  3mge
3¢ 3a

a
At equilibrium, the tension balances the weight, so
3mge
= mg
a
.
-3
Hence the length of the string is
1
OF = 3a + 2 Oa
3
So OF = 10a
3
(b) From part (a), the extension at E is
10a a
E-3a=— —3a= 2
(0] 3a 3 3a 3
At A,
16a
OA=—
3
so the extension at A is
la . Ta
3 -3

Also,

For an elastic string, the elastic potential energy is

2
EPE:)‘L

21

where x is the extension and [ = 3a.
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So at A,
Img [ Ta 2 49
EPEy= —~ | — | =—
47 5(3q) ( 3 ) 6"
and at F,
Img ra\?2 1
EPEp = —9 (2) = =
E = 5(3a) (3) 67

Take gravitational potential energy to be zero at A. Then

GPE4 =0, GPEg =mg(2a) = 2mga

1
The resistance has magnitude ng and acts opposite to the motion, so the work done by the resistance
from A to F is

1
Whesistance = *ng(Qa) = 7§mga

Using the work-energy principle,

KEs+ GPEs + EPE A + Wiesistance = KEp + GPER + EPER
Since the particle is released from rest at A,

49 1 1 1
0404+ —mga — —mga = 5mv2 + 2mga + émga

6 2
So
@mga = —mv? + —mga
6 2
1, 33 11
imv = Emga = ?mga
v? = 1lag

(c) The particle is released from rest at O.

1
While the string is slack, there is no tension. The forces are weight mg downwards and resistance ™9

upwards, so the resultant force is

1 3
mg — ymg = mg

downwards.
So at first the particle accelerates downwards and its speed increases.

Once the string becomes taut, let the extension be z. Then the tension is

_Ar_ 9mgxr  3mgzx

" 30 3a a

T

The downward resultant force is now

1 3 3Imgzx
mg—zmg—T: "9~

The speed is greatest when the acceleration is zero, so the resultant force is zero:

3 3mgx
Zmg —

=0
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a
=
4

a . .. . a .
For x < T the resultant is downward, so the speed is increasing. For = > 7 the resultant is upward,
. . . . .a
so the speed is decreasing. Therefore the maximum speed occurs when the extension is 1
Hence

a
B = — =
0] 3a+4

So OB = 13_(1'
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6. A light elastic spring has natural length 2/ and modulus of elasticity mg. One end of the spring is attached
to a fixed point X on a rough inclined plane. The other end is attached to a package P of mass m.

The plane is inclined to the horizontal at an angle o where

tano = —
an « 12

The package is initially held at the point Y on the plane, where XY = 4l. The point Y is higher than X

and XY is a line of greatest slope of the plane, as shown. The package is released from rest at Y and
moves down the plane.

1
The coefficient of friction between P and the plane is 1

By modelling P as a particle,

(a) show that the acceleration of P at the instant when it is released is

15
137
down the plane. [5]

(b) find, in terms of g and [, the speed of P at the instant when the spring first regains its natural

length. (6]
(a) Since
5
tana = —
ane =
we have
. 12
no = — —
sina = 17, cosa =

Initially the spring has length 4/ and natural length 2I, so its extension is
41 -2l =2
The modulus of elasticity is mg, so the tension is

Az mg(20)

natural length 21

This tension acts down the plane, towards X.

Since the spring lies along the plane, it has no component perpendicular to the plane. Hence the
normal reaction is

12 12mg
R =mgcosa =mg x 3= 13
So the friction is . 1o 3
mg mg
F = R = — = —
PE=17 13 7 13

and this acts up the plane.
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(b)

The component of the weight down the plane is

mgsina = mg X i = 5mig
gRIME =g X 137 13
Therefore the resultant force down the plane is
. dmg  3mg
T —F = _— - —
+ mgsin « mg + 13 13
2mg
=gt 3
_ 1dmg
13
Using F' = ma,
15mg
ma = ———
13
SO
15
a=-—
137

15
Therefore the acceleration is 3 g down the plane.

Let the instant of release be state 0, and let state 1 be the instant when the spring first regains its
natural length.

The spring length changes from 4l to 2I, so the package moves
41 —21 =21

down the plane.

We use
KEy+ GPEy + EPEy+ Y Wower = KE1 + GPEy + EPE;

taking work done against friction as negative.

Initially the package is at rest, so
KEy=0

At the instant when the spring regains its natural length,

EPE; =0

The initial extension of the spring is 2I, so

Az? mg(20)?
FEPE, = = =
0T 9% 41 myl

The vertical drop of the package is

2lsina = 21 x 2 = 1—01
13 13
so, taking GPFy, = 0,
100 10mgl
PEy = — =
GPEy=mgx 73 =3
The friction is constant, with magnitude
3mg
13

Hence the work done against friction over distance 2[ is

3m 6mgl
ZWOther = *ng x 2l = *1739
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Substitute into the energy equation:

10mgl

0+ 3

Therefore

and so

34gl

H th d i .
ence the speed is 13

+m

6mgl

] — —°
13
4mgl

mgl + —— =

13
17mgl

13

34gl
=25

13

y— 34gl
Vi3
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7. A stunt performer is attached to two identical light elastic cords. One end of each cord is fixed to opposite
sides of the rim of a vertical shaft, as shown in the diagram above.

The performer has mass 80 kg and is modelled as a particle. Initially the performer is held at rest at the
centre of the shaft, 7 metres above the floor. The shaft is 52 metres deep and 48 metres wide. Each

elastic cord has natural length 30 metres and modulus of elasticity 3150 N.

The performer is released from rest.

(a) Show that the speed of the performer when the cords first become slack is 25ms~! correct to two
significant figures.

(b) Determine whether the performer is moving up or down when the cords become taut again.

[6]
[5]

(a) The performer is initially at the centre of the shaft, so the horizontal distance to each fixing point is

48

and the vertical distance below the rim is
52 —7=45m
Hence the initial length of each cord is
V/242 + 452 = /2601 = 51m

So the initial extension of each cord is
51 —-30=21m

When the cords first become slack, each cord has its natural length, 30 m. If the performer is then A m

above the floor, the vertical distance below the rim is 52 — h, so
24 4 (52 — h)? = 307
(52 — h)? = 324
Since the performer is still below the rim at this instant,
52 —h =18

SO
h =34
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Therefore the performer has risen
34—-7=27Tm

Using
KEy+GPEy+ EPEy= KFE, + GPF, + EPE;

and taking the floor as the zero level for GPE,

0+ 80(9.8)(7) + 2 <31250XX3§12> _ %(80)1}2 +80(9.8)(34) + 0
5488 + 46305 = 40v% 4 26656
25137 = 4002
v? = 628.425

So
v =1v628.425=25.1...

1

Hence the speed when the cords first become slack is 25 ms™" correct to 2 significant figures.

(b) From part (a), when the cords first become slack the performer is 34 m above the floor and has

v? = 628.425

While the cords are slack, there is no elastic potential energy, so mechanical energy is exchanged only
between KE and GPE. At the highest point the speed is 0, so

1
5(80)v2 +80(9.8)(34) = 0 + 80(9.8)H
400v% + 26656 = T84H

Using v? = 628.425,
628.425

19.6

H =34+ ~ 66.1

So the greatest height reached is 66.1 m above the floor, which is

66.1 —52=14.1m

above the rim.

Now suppose the performer is £ m above the rim. Then the length of each cord is

V242 + 22

For the cords to become taut again, this length must be 30 m, so

24% 4 22 = 302
x? = 324
r =18

So the performer would need to be 18 m above the rim for the cords to become taut on the upward
journey. But the maximum height above the rim is only 14.1m, so this does not happen.

Therefore the cords become taut again only after the performer has turned and started descending.

So the performer is moving down when the cords become taut again.
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8. A spring of natural length a is suspended from a fixed point A. A package P of mass m is attached to
the lower end of the spring.

The package is initially at the point B, vertically below A, where AB = a.
The package is projected vertically downwards from B with speed ,/ag.
It first comes to instantaneous rest at the point C, where AC = 2a.

Air resistance is modelled as negligible. By modelling the spring as light and modelling P as a particle,

(a) show that the modulus of elasticity of the spring is 3mg [5]
1

(b) (i) Show that P attains its maximum speed when the extension of the spring is 3¢ [2]

(ii) Hence find the maximum speed, giving your answer in terms of a and g. [4]

(¢) In reality, the spring is not light.
State one way in which this would affect your energy equation in part (b). [1]

(a) At B the spring is at its natural length, so its extension is 0.

At C,
AC = 2a

so the extension is
20 —a=a

Since air resistance is negligible, mechanical energy is conserved:
KFEp+GPEg + EPEg = KEc +GPEc + EPE¢

Take the level of C' as zero gravitational potential energy.

Then
KEg = %m(\/@)Q = %mag7 GPEg = mga, EPEg =0
and ) )
KE:- =0, GPEc =0, EPEC:AL:AL:&
2a 2a 2
So
1 Aa
§mag + mga = o
Aa
P
A =3mg

Hence the modulus of elasticity is 3mg.

(b) (i) Let the extension of the spring be z while P is moving downwards.

The spring force has magnitude
Az
a
acting upwards.
While the particle is moving downwards, its speed is greatest when its acceleration is 0, so the
resultant force is 0.

Taking downward as positive,

mg—;zO
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Using A = 3myg,

Also, for x < § the resultant force is downward, and for x > £ it is upward, so the speed is
increasing then decreasing.

a
So P attains its maximum speed when the extension is 3
(i) Let the maximum speed be v.
. . . . .. a
Use conservation of mechanical energy from B to the point where the extension is 3

Take the level of this point as zero gravitational potential energy. The particle has fallen a distance

% from B.
Then
KEp+GPEp+ EPEgp=KFE+ GPE+ EPE
gives ,
%m(\/ch)2 +mg (g) +0= %mv2 +0+ % (%)
So
1 1 1 5  Jda
émag + gmga = §mv + 18
Using A = 3mg,
5 3mga
imag + gmga = imv + 13
1 1 1 5, 1
§mag + gmga = §mv + gmga
1 1 1 1 2
§mv = <2 + 37 6) mga = gmga
2 _ 4ag
YT
Since v > 0,
ag
=2 3

So the maximum speed is 2/ %.

(c) If the spring is not light, the energy equation would need an extra term for the kinetic energy of the
spring.
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9. A light elastic string with natural length [ and modulus of elasticity kmg has one end attached to a fixed
point A on a rough inclined plane. The other end of the string is attached to a package of mass m.
The plane is inclined at an angle 6 to the horizontal, where

3
tanf = =
an 1

The package is initially held at the point C' on a line of greatest slope of the plane below A, where
AC = 3l. The package is then projected down the plane with speed 24/gl and first comes to rest at the
point B, where AB = 5.

1
The coefficient of friction between the package and the plane is 2
By modelling the package as a particle,

(a) show that
2

b= 6]

(b) find the acceleration of the package at the instant it starts to move back up the plane from the point
B. [5]

(a) Since
tan 6 5
anf = —
4’
we can use a 3-4-5 triangle, so

sin6’=§, cosH:é.
5 5

Let the modulus of elasticity be
A = kmg.

The package moves from C to B, a distance
CB=AB - AC =5]l-3l=2I

down the plane.

At C, the string length is 3!, so the extension is

re =3l—1=2I.
At B, the string length is 5/, so the extension is

rg =5l —1=4l.
We use the work-energy principle:

KEc +GPEc + EPEc + Weiction = KEp + GPEp + EPEp.
The initial kinetic energy is
KEo = %m (2@)2 — 9mgl.

Since the package moves 2] down the plane, the vertical drop is

2lsinf = 21 - § = 6—l
5 5
So the loss in gravitational potential energy is
6/  6mgl

5 5
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Hence

l
GPEc — GPEp = 6%
The friction force has magnitude
uR=-R
Since the reaction is
R =mgcos =m é—@
g g 5 5
the friction force is
1 4mg 2mg
2 5 5
Therefore the work done by friction over distance 21 is
2mg 4mgl
Wric ion = — -(2]) = ——=.
frict 5 (20) 3
The elastic potential energy is
EpE =
2
So at C,
kmg(20)?
EPEy = % — 2%kmygl,
and at B,
kmg(41)?
EPEp = %(l) = 8kmygl.
Also, since the package first comes to rest at B,
KEg =0.

Substitute into the energy equation:
4dmgl
2mgl + GPE¢ + 2kmgl — % =0+ GPEp + 8kmgl.

6mgl
Rearranging by using GPEc — GPEg = %7

6mgl  4mgl

2mgl + 5 "5 8kmgl — 2kmgl.
So ol
2mgl + % = 6kmgl.
Hence P
9T Gkmgl.
5
Dividing by 6mgl gives
k= —
Therefore,
2
kE=—.
5

(b) At B, the extension of the string is 4/, so the tension is

7)\7xikmg~4l

T - — dkmyg.
I I mg

2
Using k = —,
sing 3
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As the package starts to move back up the plane, friction acts down the plane.

The component of weight down the plane is

3 3mg
inf = e
mg sin mg 3 3
The normal reaction is
4  4dmg
R:mgcosﬁzmg-g =5

So the friction force is

1 4mg 2mg
R=- .42
FE=9"75 5

Taking up the plane as positive, the resultant force is

8mg 3dImg 2mg 3mg

5 5 5 5
Using F' = ma,
3mg
ma=—>.
5
Therefore
.
==

So the acceleration is

3
gg up the plane.
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O | 20°

SON

10. A block of mass 6 kg rests on a rough horizontal surface and is attached to a fixed point O by a light
elastic string. Initially the block is at rest 2.4m from O.

The elastic string has natural length 2 m and modulus of elasticity 80 N.
The coefficient of friction between the block and the surface is 0.25.
A force of magnitude 80N is applied to the block towards a vertical wall. The force acts at an angle of

20° below the horizontal, as shown in the diagram.

The block moves in a straight line perpendicular to the wall, and the wall is sufficiently far away that the
block does not reach it during the motion considered.

(a) Show that the block has moved 0.94 m, correct to 2 significant figures, when the forces acting on it

are in equilibrium. [4]
(b) State one limitation of the model. [1]
(¢) Find the maximum speed of the block. [4]

(a) Let the block move a distance x m towards the wall.

The string length is then 2.4 4+ x, so its extension is

(2442)—2=04+zx

Hence the tension is
T = ée = —80
)

(0.4 + ) =16 + 40x
Since the block moves horizontally, it is in vertical equilibrium, so

R = 6g + 80sin20° = 58.8 + 80sin 20°

Therefore the friction is
F =pR =0.25(58.8 4 80sin20°) = 21.54N

When the forces are in equilibrium, the horizontal forces balance:

80c0s20° =T + F
80c0s20° = (16 + 40z) + 21.54

So

402 = 80 cos 20° — 37.54
z ~ 0.9409

Hence the block has moved 0.94 m, correct to 2 significant figures.

(b) One limitation is that the coefficient of friction is assumed to remain constant throughout the motion.
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(c) From part (a), the equilibrium position is at 2 = 0.9409 m.

At a general position z, the horizontal resultant force is

80 cos 20° — 21.54 — (16 + 40x) = 37.64 — 40z

This decreases as x increases. It is positive initially, and it becomes zero when z = 0.9409. So the
speed increases up to this point and then decreases afterwards. Hence the maximum speed occurs
when z = 0.9409 m.

Initially the extension is 0.4 m, so

Ae?  80(0.4)2
EPFEy= "~ =227 _39
DY/ 5xa 2

At the position of maximum speed, the extension is

e; = 0.4+ 0.9409 = 1.3409

Using
KEy+ GPEy+ EPEy+ Y Wotner = KE1 + GPE) + EPE;

There is no change in GPE, the applied force does work 80 cos 20° x 0.9409, and friction does work
—21.54 x 0.9409.

Therefore

80(1.3409)2

1
0+ 3.2 4 80 cos 20°(0.9409) — 21.54(0.9409) = £ (6)0* + ="

53.66 = 3v? + 35.96
3v? = 17.70

v=243ms"!

So the maximum speed is 2.43ms™!.
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