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Introduction to the work-energy method
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Introduction to the work-energy method 2/2

Dynamic systams imvalve the movameant of more than
one companant and the interaction of these The Wﬂrk—EﬂEfg}f method is an apprnach that can be used to analyse systems
COMpOonEnts. of dynamically interacting bodies.

WO

In some problems the system will comprise two distinctly separate components
constrained to move together. In others the influence of one part of the system
on another will be expressed as work input or as work done against some form
of resistance.

The work-energy method uses the changes in the total energy to obtain
mathematical relationships between the elements of a dynamic system.
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The work-energy method of solving problems involving a system of hodies

The analysis of a dynamic system can be achieved by considering changes in the total
energy possessed by a component or a system of two interacting components when
influenced by energy input or output in the form of work.

Mathematically, this principle can be generalised as follows:

initial energy £ work = final energy

This approach to problem-solving in mechanics is referred to as the work-energy method.
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Type your answer in the box.

The work-energy method allows analysis of a dynamic system by considering changes in the
| energy when influenced by energy input or output in the form of

Do you know the answer?




Type your answer in the box.

The work-energy method of solving problems in mechanics can be expressed as:

| ‘energy + | | = final |

Do you know the answer?




Which of the following is the correct mathematical statement of the work-energy method of solving
problems in mechanics?
Click the correct answer.
initial energy + work = final energy

initial energy _ e
final energy

Initial energy _ fina| energy
work

initial energy +final energy = work

Do you know the answer?




Forms of energy included in the work-energy method

For a mechanical component or system of components, the work-energy method for
dynamic systems will consider all forms of mechanical energy which may include potential
energy, kinetic energy and strain energy.
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Type your answer in the box.

For a mechanical component or system of components, the work-energy method will consider all forms of
mechanical energy which may include | ‘energy, | ' energy and
| | energy.

Do you know the answer?




Which of the following includes the forms of energy that are included in the work-energy method of
analysis of dynamic systems?
Click the correct answer.
Gravitational potential energy, kinetic energy and strain energy
Chemical energy, kinetic energy and strain energy
Gravitational potential energy, kinetic energy and electrical energy
Gravitational potential energy, sound energy and strain energy

Heat energy, strain energy and gravitational potential energy

Do you know the answer?




Which of the following forms of energy are included in the work-energy method of analysis of
dynamic systems?
Check all that apply.
Gravitational potential energy
Kinetic energy
Strain energy
Sound energy

Chemical energy

AijAlAEImIE

Heat energy

Do you know the answer?
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Mathematical formula for work-energy calculations (without strain energy)

The conservation of energy principle can be extended to situations where the external work done on a body and the work
done against friction cannot be neglected and must be included in the analysis.

if we let:

- Then the final energy of the body is equal to the initial
PE, + KE, = the initial total energy of the body energy of the body increased by the amount of net work
done on the body:

PE, + KE, = the final total energy of the body
PE, + KE;xW = PE, + KE»

+ W = the net work done on the body
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Match each of the symbols from the equation PE:1 + KE1+ W = PE: + KE; with the correct
description.

w Drag statements on the right to match the left.

PE; The initial potential energy

KE: ca  The initial kinetic energy

W ca  The work done

PE» The final potential energy

KE; The final kinetic energy
Do you know the answer?




Which of the following is the correct mathematical description of the work-energy method for a
dynamic system that includes potential energy and kinetic energy?

Click the correct answer.
PE: + KE:+ W = PE» + KE:
PE; - KE1 = PE; - KE>
PEy + KE:2+ W = PE2 + KEx
PEz + KE) = PE1 + KEz

PE, PE>
=W =
KEi KE2

Do you know the answer?




The work-energy method equation

- . Complete the crossword based on the
B 3 ‘ mathematical expression of the work-
— energy method.

= 1) The symbol PE refers to
‘ ‘ energy.

2) The subscript 1 refers to the

1 ‘ ‘ ‘ value.

3) The subscript 2 refers to the
value.

4) The symbol KE refers to
energy.
5) The symbol W refers to

[ Hine "W Chalienes




Net work done on the body

Rermermies that the work done S ogual (o the fors The net work is the difference between positive work done on the body by
multiplied by the destance forces acting in the direction of motion and negative work done by forces, such
a» O = as friction, which are opposing the motion.

Weight should not be included when determining the external work since its
effect has been allowed for in terms of potential energy.

>
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Type your answer in the box.

The | ‘work is the difference between | ‘work done on the
body by forces acting in the direction of motion and negative work done by forces, such as friction, which are
| 'the motion.

Do you know the answer?




What is the term that is used to describe the difference between positive work done on a body by
forces acting in the direction of motion and negative work done by forces which are opposing the
motion?
Click the correct answer.

Net work

Work differential

Gross work

Energy deficit

Energy content

Do you know the answer?




Which of the following is the correct description of net work?

Click the correct answer.

The difference between positive work done on the body by forces acting in the
direction of motion and negative work done by forces which are opposing the motion

The difference between negative work done on the body by forces acting in the
direction of motion and positive work done by forces which are opposing the motion

The sum of negative work done on the body by forces acting in the direction of motion
and positive work done by forces which are opposing the motion

The sum of positive work done on the body by forces acting in the direction of motion
and negative work done by forces which are opposing the motion

Do you know the answer?




Calculate energy levels for a mechanical component or system of components

A 180 t train climbs an incline of 1.5 for 2 km. ks initial velocity before the climb is 80 km/h. The tractive effort exerted by the engine is 53.2
kN and tractive resistance is 95 N/t

|dentify and calculate all appropriate energy terms for this dynamic system.

2000 m i
-
i‘ ; o s e et t_
A NT777777777777777 T
1.5°
Potential o
Example energy Kinetic energy
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Calculate energy levels for a mechanical component or system of components

Initial potential energy:
PE1 =10

The final elevation:
h =2000mxsinl5°

= 52.35m

Final potential energy:

PE;=mgh

180,000 kg X 9.81 kﬂ X 52.35 m
E

92.45 M]

Potential

Kinetic ener
energy ey

Example




GIVE FEEDEACK

Calculate energy levels for a mechanical component or system of components

Initial velocity:
¥1 = 9 km/h
= 25m/s

Initial kinetic energy.
|
KEi=—muv?
2

= ]E\’ (180,000 kg} 125 m/s}?

= 5625 M]

Potential
E | Ki
xample erReray netic energy




A 12,000 kg truck climbs an incline of 5° for 1 km. Tioe Jour asiwer i e iz

Its initial velocity before the climb is 72 kmy/h. Tha enargy terms that must be included in the work-anergy analysis of this problem are the
[ | energy and the | | energy of the truck,

These energy terms must be consldered In the Inlttal and final conditlons.

Do you know the answer?




A 12,000 kg truck climbs an incline of 5 for 1 km.

lts initial velocity before the climb is 72 kmy/h.

SHALL MEDHLIM LARGE

Type your answer in the box.

The initial potential energy is | |2
The Initlal kinetic energy is | | W (correct to two decimal places).
Do you know the answer?




A 12,000 kg truck climbs an incline of 5 for 1 km.

lts initial velocity before the climb is 72 kmy/h.

TR MEDIU LARGE

Type your answer in the box.

The truck's final height above the datum is | | m {corract to twa decimal places).
The truck's final patential enersy Is | | MJ (correct ta two decimal places).
Do you know the answer?




Calculate appropriate work inputs or outputs

A 180 t train climbs an incline of 1.5 for 2 km. ks initial velocity before the climb is 80 km/h. The tractive effort exerted by the engine is 53.2
kN and tractive resistance is 95 N/t

|dentify and calculate all appropriate work inputs or outputs for this dynamic system.

2000 m i
-
» e e v *_
- S
i /fz’f’z’//.f'//f’/’f’ff’/ff’*
 F
Example Positive work | Negative work MNet work
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Calculate appropriate work inputs or outputs

Positive worlk:
Effort ¢ distance = 53,200 N % 2,000 m
= 106.4 M]

Example Positive work MNegative work Met work
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Calculate appropriate work inputs or outputs

Tractive resistance:

EJ'SEX 180t = 17,100 N
t

Negative work:

Il

17,100 N * 2,000 m
34.2 M]J

Resistance X distance

Example Positive work MNegative work Met work

GIVE FEEDEACK




Calculate appropriate work inputs or outputs

Net work:
W = positive W - negative W
= 106.4 - 34.2
= 72.2 M]
Example Positive work Megative work Met work
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A 12,000 kg truck climbs an incline of 5° for 1 km. Type your answer in the bax.

lts initial velocity before the climb is 72 km/h. The positive work dane by the truck is | M (correct to two decimal places).
The tractive effort exerted by the engine is 14 kN and the L E
total resistance force is 5.54 kN. e

Do you know the answer?

SMALL MEBILIM LARGE




A 12,000 kg truck climbs an incline of 5° for 1 km. Type your answer in the bax.

lts initial velocity before the climb is 72 km/h. The negative work done by the truc is | | MY (cormect to two decimal places).
The tractive effort exerted by the engine is 14 kN and the L E
total resistance force is 5.54 kN. e

Do you know the answer?

SMALL MEBILIM LARGE




A 12,000 kg truck climbs an incline of 5° for 1 km. Type your answer in the bax.

Its initial velocity before the climb is 72 kmy/h. The net work done by the truek is | | MU (correct to two decimal places).
The tractive effort exerted by the engine is 14 kN and the L E
total resistance force is 5.54 kN. e

Do you know the answer?

SMALL MEBILIM LARGE




Calculating an unknown distance, velocity or elevation for linear motion

A 180 t train climbs an incline of 1.5 for 2 km. ks initial velocity before the climb is 80 km/h. The tractive effort exerted by the engine is 53.2
kM, and tractive resistance is 95 N/t.

Determine the final speed after the climb.

2000 m i
-
l‘ ; o L e e e *_
A i iime S
ard /fz’f’z’/ff’//f’fﬁ/’f’/ff’*
1.5°
Eswopie PaveoLal Work Kinetic Energy Solution
Energy

GIVE FEEDEACK




Calculating an unknown distance, velocity or elevation for linear motion

Initial potential energy:
PE1 =10

The final elevation:
h =2000mxsinl5°

= 52.35m

Final potential energy:

PE;=mgh

180,000 kg X 9.81 kﬂ X 52.35 m
E

92.45 M]

Potential
Example Work Kinetic Energy Solution

Energy
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Calculating an unknown distance, velocity or elevation for linear motion

Positive work:

Tractive resistance:

Negative work:

Met work:

Example

Effort % distance = 53,200 N % 2,000 m
= 106.4 MJ

95N % 180t = 17,100 N
T

Resistance X distance = 17,100 N X 2,000 m
34.2 M]J

W =pos. W - neg. W
= 1064 - 34.2
=722 M]
Potential
s Work Kinetic Energy Solution
Energy




Calculating an unknown distance, velocity or elevation for linear motion

Initial velocity:

¥1 = 9 km/h
= 25m/s

Initial kinetic energy.

KE; :lmv?
2

B (180,000 kgt {25 m/s3?
{5})i g

56.25 MJ

Potential

Example Energy Work Kinetic Energy Solution
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Calculating an unknown distance, velocity or elevation for linear motion

Substitute into:
-:_PEl + KEj+W = lPE; + KEEJ
0+ 5625 + 72.2 = 9245 + KE;

Hence, final kinetic energy is:
KE; = 36 M]

Final velocity can now be calculated:

%mﬂ =36M] =36X10¢]

Solving for v:
v = 20m/sor72km/h

Therefore the train's speed at the top of the climb is 72 km/h.

Potential
Example s Work Kinetic Energy Solution
Energy
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A 12000 kg truck climbs an incline of 5° for 1 km.
Its initial velocity before the climb is 72 kmy/h.

The tractive effort exerted by the englne is 14 kN, and the
total resistance force is 5.54 kN.

Type your answer in the box.

The initial potential energy is |

| M (correct to two decimal places).

The final potential anergy is |

| M {eorrect to two decimal places).

The Initial kinetlc energy |s |

| M {correct to two decimal places).

The net work done is |

| M {correct to two decimal places).

Do you know the answer?




A 12000 kg truck climbs an incline of 5° for 1 km.
Its initial velocity before the climb is 72 kmy/h.

The tractive effort exerted by the englne is 14 kN, and the
total resistance force is 5.54 kN.

e

Type your answer in the box.

Tha final kinetic anergy can be determined using work-energy analysis (FE; + KE £ W = PE; + KEa)

The final kinetic energy is | |foules.

Do you know the answer?

| KNOW IT THINK 50 UNSURE




A 12000 kg truck climbs an incline of 5 for 1 km.
Its initial velocity before the climb is 72 kmy/h.

The tractive effort exerted by the englne is 14 kN, and the
total resistance force is 5.54 kN.

TR MEDIU LARGE

M¢

Type your answer in the box.

l‘l‘mmaaddmwmkmr]mnpdmmnlal | myf=, which is equal to
kmyh.

Do you know the answer?




Calculating an unknown distance, velocity and elevation for rotational motion

The work-energy method can be applied to rotational as well as linear motion.
It can also be used successfully when more than one moving component is invalved,

The energy of a system of connected bodies, whose motions are related, is equal to the sum of the energies of the separate bodies,

Potential
Introducti Example Kinetic ener Solution
ntroduction p energy gy
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Calculating an unknown distance, velocity and elevation for rotational motion
A block of mass 10 kg is attached to a cord which is wrapped around a drum of diameter 800 mm and the mass moment of inertia is 15kg.m*.

After the block is released and has dropped a distance of 2.5 m, its velocity is 2 m/s. Determine the magnitude of the bearing-friction torque
which resists rotation.

Potential
Introduction Example Kinetic ene Solution
P energy 8y
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Calculating an unknown distance, velocity and elevation for rotational motion

Using the lowest position of the block as a datum:

Introduction

PEy =mg hy
= 2453

PE, =

Potential
Example Kinetic energy Solution
energy
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Calculating an unknown distance, velocity and elevation for rotational motion

KElf.n g =0
KE1 0 =0
KE Lmv? = {2 i105022 = 20
o = v = 0122 = 20)
Final angular velocity of the drum;
Y2 o 2oy
Wy =—=——= 5rad/s
e
KE2,py = =1 07 = [ 2-)(151(52 = 1875
== fdrurn) 2 ; 2 ; Ehrcc =LoEs e
Potential
Introducti E | Ki Soluti
n uction xample energy netic energy olution
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Calculating an unknown distance, velocity and elevation for rotational motion

Substitute into:

(PE1 + KE1 iy + BEL i+ W = (PE2 + KE2 s + KE:.,,,.,,“-,'!
2453 +0+ 0+ W 0+ 20 + 187.5
S W -37.8]

This is negative work done by resistance torgue equal to W = T x 8 where:

Substitute:
378 = T %625

ST = 605N.m

Hence bearing friction torque T is 6.05 N.m.

Potential
Introduction Example Kinetic energy
energy

Solution




A block of mass 12 kg is attached to a cord which is
wrappad around a drum of diameter 800 mm and the mass
moment of inertia is 14 kgm?.

After the block is released and has dropped a distance of 3
m, fts velocity is 1.8 m/s.

swa.  QETD LARGE

bl

e

Type your answer in the box.

Using the lowest position of the block as a datum, the final patential energy is | |Jand
the initial potantial energy s | |1 (correct to two decimal places).
Do you know the answer?
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A block of mass 12 kg is attached to a cord which is
wrapped around a drum of diameter 600 mm and the mass
moment of inertia is 14 kgm?®.

After the block is released and has dropped a distance of 3
m, [ts velocity is 1.8 m/s.

i [N e

Type your answer in the box.

The initial kinetic energy of the block is | 4
The final kinetlc energy of the block ks | |} {eorrect to two decimal places).
The Initial kinetlc energy of the drum Is | |
The final kinetic energy of the drum Is | | 5.
Do you know the answer?




A block of mass 12 kg is attached to a cord which is
wrapped around a drum of diameter 800 mm and the mass
moment of inertia is 14 kgm?®.

After the block is released and has dropped a distance of 3
m, its velocity is 1.8 m/s.

TR EDIu LURCE

i,

¢

Type your answer in the box.

Using the work-enargy method (PEy + KE £ W = PEy + KEa), the work done is - | B
(correct to twa decimal places),

This is negative work done by resistance torque which is equal to W = T 8, therefore the bearing friction torgue
Is | | Mm {carrect to two decimal places).

Do you know the answer?




A block of mass 8 kg is attached to a cord which is wrapped
around a drum of diameter 1 m and the mass moment of
inertia is 10 kgm?.

After the block is released and has dropped a distance of
1.91 m, its velocity is 1.5 m/s.

TR EDIU LARGE

Type your answer in the box.

Using the lowest position of the block as a datum, the final patential energy is | |1and
the initial potentlal energy Is | |1 {correct to the nearest joula),
}‘I-{I
Do you know the answer?

I T ST BT




A block of mass 8 kgis attached to a cord which is wrapped
around a drum of diameter 1 m and the mass moment of
inertia is 10 kgm?.

After the block is released and has dropped a distance of
1.91 m, its velocity is 1.5 m/s.

i [N e

Type your answer in the box.

The initial kinetic energy of the block is | 4
Thea final kinetlc anerzy of the block Is | |5
The Initial kinetlc energy of the drum Is | |
The final kinetic energy of the drum Is | | 5.
Do you know the answer?




A block of mass 8 kgis attached to a cord which is wrapped
around a drum of diameter 1 m and the mass moment of
inertia is 10 kgm?.

After the block is released and has dropped a distance of
1.91 m, its velocity is 1.5 m/s.

s¢

Type your answer in the box.

Using the work-enargy method (PE; + KE £ W = PEs + KEa), the work done is - | [0
This is negative work dona by resistance torque which is equal to W = T 8, therefore the bearing friction torgue
Is | | Mm (correct to two decimal places).

Do you know the answer?




Mathematical formula for work-energy calculations (with strain energy)

The conservation of energy principle can be extended to situations where the external work done on a body and the work
done against friction cannot be neglected and must be included in the analysis.

The total mechanical energy of a system that involves springs includes the gravitational potential energy, the kinetic energy
and the elastic strain energy.

if we let:

o Then the final energy of the body is equal to the initial
PE; + KE; + SE; = the initial total energy of the body energy of the body increased by the amount of net work
done on the body:

PE; + KE; + SE» = the final total energy of the body
PE, + KE; + SE1 W = PE; + KE; + SE;

+ W = the net work done on the body

GIVE FEEDBACK




Match each of the symbols from the equation PE, + KE1 + SE1+ W = PEz + KE2 + SE; with the
correct description,

¥ Drag statements on the right to match the left

= ea  The initial potential energy i
— @a  The initial kinetic energy i
SE, za  The initial strain energy Fﬁz:
= @s  The work done i
PE: =a  The final potential energy %ﬁ
KEx =a  The final kinetic energy iiﬂi
SEa =a  The final strain energy ;i'ﬁ
Do you know the answer?




The work-energy method equation

Complete the crossword based on the

mathematical expression of the work-

energy method.

1) The symbol PE refers to
energy.

2) The subscript 1 refers to the

value.

3) The subscript 2 refers to the
value.

4) The symbol KE refers to
energy.

9) The symbol W refers to
6) The symbol SE refers to
energy.

Done = Hint Il Challenge




Which of the following is the correct mathematical description of the work-energy method for a
dynamic system that includes potential energy, kinetic energy and strain energy?

Click the correct answer.
PE:1 + KEi1 + SE1xW = PE2 + KEz + SE2
PE: - KE) - SE1 = PEz - KEz - SEz
PE1 + KEz + SE1xW = PE2 + KE1 + SEz2
PE3z + KE1 + SE2 = PE1 + KEz + SEa
TratY e

Do you know the answer?




Calculate energy levels for a mechanical component or system of components

A railway truck of mass 8 t rolls 20.5 m down a 3° incline, starting with an initial velocity of 4.2 m/s, and continues on a level track for 63 m
before striking a spring buffer.

The spring stiffness Is unknown and the spring is compressed by 400 mm.

ldentify and calculate all appropriate energy levels for this system of components.

42mks

3
msi~ /. &sm | |._osn

compression

Potential

Exam Kineti Strai
ample energy inetic energy rain energy
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Calculate energy levels for a mechanical component or system of components

Initial potential energy:

PEi=mgh
= {8,0007:9.813120.55in 3
= §4,200]
Final potential energy:
PE; =
tential
Example 2 : Kinetic energy Strain energy
energy




Calculate energy levels for a mechanical component or system of components

Initial kinetic energy:

; 1 ;
KI‘.‘[ = ?anr‘l’

= {?) (8,000 kgi(4.2 m/s)?

= 70,560 ]

Final kinetic energy:
KE; =10
Potential
Ex | Kinetic ener Strai
ample energy inetic energy rain energy
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Calculate energy levels for a mechanical component or system of components

Initial strain energy:

SEi=10
(the spring Is not compressed at this stage).

Final strain energy:

SEs =Lk:;‘2
2

- [\;%'\chr_ﬂ.dlm}*

= 0.08k
where k is the unknown spring constant.

Potential
Exampl Kineti Strain energy
ample energy inetic energy train e




A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 M.

The spring is compressed by 300 mm.

sk

Type your answer in the box.

Tha energy tarms that must be included in the work-anargy anahsis of this problem are the
[ | enerzy, the | | enengy and the |
enargy of the truck.

These energy terms miust be considered In the inittal and final conditions.

Do you know the answer?




A railway truck of mass 6.4 trolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 N.

The spring is compressed by 300 mm.

R o QT

Type your answer in the box.

Tha initial patential energy is | | § {comect to the nearest joule).
The final potential energy is | |
Do you know the answer?




A railway truck of mass 6.4 trolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 N.

The spring is compressed by 300 mm.

R o QT

Type your answer in the box.

Tha initial kinetic energy is | | 1 {correct to the nearest joule).
The final kinetic anerzy s | |1
Do you know the answer?




A railway truck of mass 6.4 trolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 N.

The spring is compressed by 300 mm.

R o QT

Type your answer in the box.

The initial strain energy is | |
If the spring has a modulus of k, the final strain enargy ks | |1
Do you know the answer?




Calculate appropriate work inputs or outputs

A railway truck of mass 8 t rolls 20.5 m down a 3° incline, starting with an initial velocity of 4.2 m/s, and continues on a level track for 63 m
before striking a spring buffer.

The total tractive resistance is 1320 N.

What is the work done if the spring is compressed by 400 mm?

42mks

3
msi~ /. &sm | |._osn

compression

Identify the

Action distance Work done Discussion
source of work

Example
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Calculate appropriate work inputs or outputs

The work is done by the railway truck moving against tractive resistance.

Identify the

Action distance Work done Discussion
source of work

Example

GIVE FEEDEACK




Calculate appropriate work inputs or outputs

The total distance is the sum of the distance travelled down the hill, the distance
travelled on the level track and the distance travelled in compressing the spring.

Therefore:
Total distance = 20.5 + 63 + 0.4
=839m
Identify th
Example Sy the Action distance Work done Discussion

source of work

GIVE FEEDEACK




GIVE FEEDEACK

Calculate appropriate work inputs or outputs

The work done can be calculated using:

work = forcexdistance

Therefore:
W = (1200 N1(83.9m)
= 110,750 ]
Identify th
Example Sy the Action distance Work done

source of work

Discussion




Calculate appropriate work inputs or outputs

This work is negative, as it is done against frictional resistance and represents the amount of mechanical energy lost from the system.

Identify the

Action distance Work done Discussion
source of work

Example

GIVE FEEDEACK




A railway truck of mass 6.4 t rolls 35 m down a 2° incline,
starting with an initial velocity of 4.7 my/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 M. |
N¢

The spring is compressed by 300 mm.

Type your answer in the box.

I this system the work is done against | | resistanca.

This force has a value of | | M.

Do you know the answer?




A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 M.

The spring is compressed by 300 mm.

Type your answer in the box.

The total distance travelled by the railway truck is the sum of the distance travelled down the
[ | the distance travellsd on the | |track and the distance

travelled In compresslng the | |

Therefore the total distance travelled is | m.

Do you know the answer?




A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 my/s, and continues on
a level track for 64.7 m before striking a spring buffer, The work done by the railway truck s | |k,

Type your answer in the box.

The total tractive resistance is 1200 N. B

¢
The spring is compressed by 300 mm.

Do you know the answer?

TR EDIUN LuRGE




Calculating an unknown distance, velocity, elevation or amount of compression in a spring

A railway truck of mass 8 t rolls 20.5 m down a 3° incline, starting with an initial velocity of 4.2 m/s, and continues on a level track for 63 m
before striking a spring buffer.

The total tractive resistance is 1320 N.

What is the spring stiffness if the spring is compressed by 400 mm?
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Calculating an unknown distance, velocity, elevation or amount of compression in a spring

Initial potential energy:
PE; =mg h = (8,0007:9.81:{20.55in 3°} = 84,200]

Initial kinetic energy:

I
KEy = —mv?={ }-;ja,uuu kgi4.2 m/s)? = 70,560 ]

|
)

Initial strain energy:

SEy = 0 (the spring is not compressed at this stage).

Work-energy
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Calculating an unknown distance, velocity, elevation or amount of compression in a spring

Final potential energy:

PE; =0
Final kinetic energy:

KE; =10

Final strain energy:

. 1 Ly, .
SE; = Ek xt= [\?jk i04mi?= 008k
where k is the unknown spring constant.

Work-energy
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Calculating an unknown distance, velocity, elevation or amount of compression in a spring

The work done against tractive resistance is:

W = force X distance
= 1,320 X [20.5 + 63 + 0.4}
= 110,750 ]
Work-ener
Example Initial energy Final energy Work done E BY
analysis
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Calculating an unknown distance, velocity, elevation or amount of compression in a spring

We can now write the energy balance as follows:

PE; + KE1 + SE1x W = PE2 + KEz + SE3

Substitution yields:

84,200 + 70,560 + 0 - 110,750 =0 + 0 + 0.08%
Sk = 550 N/mm

Hence the spring stiffness corresponding to maximum compression of 400 mm is
k = 550 N/mm.

Work-energy

E | Initial Final Work d
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A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an Initial velocity of 4.7 m/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 M.

The spring is compressed by 300 mm.

SHALL MEHLMN LARGE
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Type your answer in the box.

The initial potential energy is | | § {comect to the nearest joule).

The Initlal kinatic energy |s | | J {comract to the nearest joula).

The Initial straln energy s | | fcorrect to the nearest joule).

The work done against tractive resistance Is | | J {comect to the nearest joule).
Do you know the answer?




A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an initial velocity of 4.7 my/s, and continues on
a level track for 64.7 m before striking a spring buffer,

The total tractive resistance is 1200 M.

The spring is compressed by 300 mm.

s

Type your answer in the box.

The final potential energy is | |1 {earrect to the nearest joule).

The final kinetlc anerzy |s | |1 {correct to the nearest Joula).

The final strain energy Is | | J {cormect to the nearest Jouls).
Do you know the answer?




A railway truck of mass 6.4 t rolls 35 m down a 2 incline,
starting with an Initial velocity of 4.7 my/s, and continues on
a level track for 64.7 m before striking a spring buffer, Using the work-energy method (PE, + KE; + SE;= W = PE; + KE; + SE;), the spring modulus Is equal to
| |N/mm (correct to the nearest N/mm).

Type your answer in the box.

The total tractive resistance is 1200 M.

sl E
The spring is compressed by 300 mm. I{

Do you know the answer?
s e




Detarmining whther work 5 posRiive of

nisgative reguires consiermtion of the anengy

of the system

a » O

The difference between positive and negative work

The description of work as being either positive or negative is based on whether
the work increases or decreases the energy of the system.

Positive work increases the energy of a system while negative work decreases
the energy of a system.
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Which of the following are correct descriptions for positive and negative work?

Check all that apply.
Positive work increases the energy of a system
Negative work decreases the energy of a system

Positive work increases the energy of a system and negative work decreases the
energy of a system

Negative work increases the energy of a system and positive work decreases the
energy of a system

Negative work increases the energy of a system

Aja] E] mjEjm

Positive work decreases the energy of a system

Do you know the answer?




Which of the following Is a correct description of positive and negative work?

Click the correct answer.

Positive work increases the energy of a system and negative work decreases the
energy of a system

Negative work increases the energy of a system and positive work decreases the
energy of a system

Positive work decreases the energy of a system and negative work increases the
energy of a system

Negative work decreases the energy of a system and positive work decreases the
energy of a system

Positive work increases the energy of a system and negative work increases the
energy of a system

Do you know the answer?
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Type your answer in the box.

Positive work | 'the energy of a system and | 'work decreases
the energy of a system.

Do you know the answer?




The concept of negative work

Megative work decreases the energy of a system.

Examples of negative work include those where work is done against frictional resistance.
In these cases energy loss occurs by virtue of the conversion of mechanical energy into
heat. The heat is dissipated into the surroundings thus diminishing the amount of energy
left in the system.
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Which of the following represent examples of negative work where work is done against frictional
resistance?

Check all that apply.
A car using its brakes to come to rest
A box being dragged across a concrete floor

An electric heater used to heat a room

A box being lifted by hoist

Ajaiainln

A spring stretching as it supports a vertical weight

Do you know the answer?






