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Introduction to the worll-energy method 212 

Dynamic systems 1rwo1ve ttte rno ... "'rn{lnl or tnO(e man 
one component and the intsroC\ion otm"'"' The work-energy method is an approach that can be used to analyse systems 
componen~S- of dynamically interacting bodies . 

•• • 0 = 
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. 

GIVE FEEDBACK 



The wori<-energy method of solving problems involving a system of bodies 

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. 

GIVE FEEOBACII 



Type your answer in the box. 

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

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

c__ _______ _J energy ± c__ _______ _J = final c__ _______ _J 

Do you know the answer? 

I KNOW IT THINII SO IJNSURE NO IDEA 



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 = work 
fina l energy 

initial energy = final energy 
work 

initial energy±final energy = work 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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. 

GIVE FEEOBACII 



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 
c__ _______ ....J energy. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which of the following forms of energy are included in the work-energy method of analysis of 
dynamic systems? 

Check all that apply. 

0 Gravitational potential energy 

0 Kinetic energy 

0 Strain energy 

0 Sound energy 

0 Chemical energy 

0 Heat energy 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



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: 

PE1 + KE 1 = the initial total energy of the body 

PE2 + KE2 =the final total energy of the body 

± W = the net work done on the body 

< 

GIVE FEEDBACK 

< 

Then the f inal energy of the body is equal to the initial 
energy of the body increased by the amount of net work 

done on the body: 

'"' '"' 



Match each of the symbols from the equation PE 1 + KE1 ± W = PEz + KEz with the correct 
description. 

j Drag statements on the right to match the left 

c-:::1 The initial potential energy 

K.Et c-:::1 The initial kinetic energy 

w c-:::1 The work done 

c-:::1 The final potential energy 

c-:::1 The final kinetic energy 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

1 .... 
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::::: 
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::::: 



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. 

PE1 + KE1 ± W = PEz + KEz 

PEz + KE1 = PE1 + KE2 

PE1 ±W = PEz 
KEt KE2 

I KNOW IT 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



- - -
5 2 

3 

4 

1 

D 

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. 
5) The symbol W refers to ___ ,. 

1 Challenge 



_, <lonolo-IDiho-

... '"""' -· 
Net wort cloH .. the llodJ 

The net work is the drfference between posrti\'e work done on the body by 

forces aCting In the drrectron or mOtion and negauve work done by forces, such 
as friCtion, which are opposrng the motion. 

Weight should not be Included when detenninlng the external work srnce rts 
effect has been allowed for In tenns or potential energy. 

GIVE HEOBACII 



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 
c__ _______ _J the motion. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 
I I 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate energy levels for a mechanical component or system of components 

A 180 t train climbs an incline of 1.5 • for 2 km. tts initial velocity before the climb is 90 km/h. The tractive effort exerted by the engine is 53.2 

kN and tractive resistance is 95 N/t 

Identify and calculate all appropriate energy terms for this dynamic system. 

2000m 

t.s· 

Example 
Potential 

Kinetic energy 
energy_L 

GIVE FEEDBACK 



GIVE FEEDBACK 

Calculate energy levels for a mechanical component or system of components 

Initial potential energy: 

The final elevation: 

Final potential energy: 

PE1 = 0 

lr = 2,000 m x sin 1.5 • 
= 52.35 m 

PE2 =mgh 

Example 

= 180,000 kg X 9.81...!::!_ X 52.35 m 
kg 

= 92.45MJ 

Potential 
energy 

Kinetic energy 



GIVE FEEDBACK 

Calculate energy levels for a mechanical component or system of components 

Initial velocity: 

Initial kinetic energy: 

v, = 90 km/h 

= 25 m/s 

I 
KE1 = - m vl 

2 

= ( ~ ) (180,000 kg:: :.25 mts·; l 

= 56.25MJ 

r 

Example 

1 

Potential 

energy 
Kinetic energy 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

SMALL i ,,U.J!iit! LO.Ri:E 

Type your answer in the box. 

The energy tetll'IS that must be Included tn the \vol'k-energy analysl:s of thlS problem are th& 
'--------'anergy and tho energy of tho truck. 

These energy terms must be considered In the lnftlal and final conditions. 

Do you know the answer? 

I KNOW IT U~SIIRI NO IDEA 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

Type your answer in the box. 

The initial potential energy is L_ ______ _,J. 

lhe lnttla1 klnedc energy- Is MJ (correct to two decimal places). 

* liil 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

Type your answer in the box. 

The truck's final heightabOv&t he datum isL-______ _,m(OQn'actto two OOdrnal plaoos). 

lhe truck's nnaJ potential ener~ Is MJ (oorroct to two decimal places}. 

* liil 

Do you know the a.nswer? 

I KNOW IT UNSIIkf HO IOEA 



Calculate appropriate work inputs or outputs 

A 180 t train climbs an incline of 1.5 • for 2 km. tts initial velocity before the climb is 90 km/h. The tractive effort exerted by the engine is 53.2 
kN and tractive resistance is 95 N/t 

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

2000m 

t.s· 

r r 

Example Positive work Negative work Net work 

t L 
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Positive work 

r 

Example 

l 

GIVE FEEDBACK 

Calculate appropriate work inputs or outputs 

Effort x distance = 53,200 N x 2,000 m 

= 106.4 MJ 

r 

Positive work Negative work 

L 

Net work 



Tractive resistance: 

Negative work: 

r 

Example 

l 

GIVE FEEDBACK 

Calculate appropriate work inputs or outputs 

95 .!!_X 180 t = 17,100 N 
t 

Resistance x distance = 17,100 N x 2,000 m 

= 34.2MJ 

T 

Positive work Negative work Net work 



Net work: 

r 

Example 

l 

GIVE FEEDBACK 

Calculate appropriate work inputs or outputs 

T 

W = positive W - negative W 
= L06.4 - 34.2 
= 72.2MJ 

r 
Positive work Negative work 

t 

Net work 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

The tract1ve effort exerted by the engine Is 14 kN and the 
total resistance force is 5.54 kN. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

Th6 positive wor1< don& by the truck is ._ ______ _, MJ (correct to two decimal plaoos). 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~lJRE NO IOEA 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

The tract1ve effort exerted by the engine Is 14 kN and the 
total resistance force is 5.54 kN. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

Th<! negalivo w<>rk done by the truck Is c_ ______ _, MJ (OO<rectto two <led mal places). 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~lJRE NO IOEA 



A 12.000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

The tract1ve effort exerted by the engine Is 14 kN and the 
total resistance force is 5.54 kN. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

TOO net work done by the truCk ts L--------' MJ (correct to two dooimal places). 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~lJRE NO IOEA 



Calculating an unknown distance, velocity or elevation for linear motion 

A 180 t train climbs an incline of 1.5 • for 2 km. tts initial velocity before the climb is 90 km/h. The tractive effort exerted by the engine is 53.2 

kN. and tractive resistance is 95 Njt. 

Determine the final speed after the climb. 

2000m 

t.s· 

r r J 

Example 
Potent ial 

Work Kinetic Energy Solution 
Energy 

_L 1 1 

GIVE FEEDBACK 



I 

GIVE FEEDBACK 

Calculating an unknown distance, velocity or elevation for linear motion 

Initial potential energy: 

The final elevation: 

Final potential energy: 

PE1 = 0 

lr = 2,000 m x sin 1.5 • 
= 52.35m 

PE2 =mgh 

Example 
Potential 

Energy 

= 180,000 kg X 9.81 ...!::!_ X 52.35 m 
kg 

= 92.45MJ 

r 

Work Kinetic Energy 

_L 

J 

Solution 

1 



GIVE FEEDBACK 

Calculating an unknown distance, velocity or elevation for linear motion 

Positive work: 

Tractive resistance: 

Negative work: 

Network: 

r 

Example 

1 

Effort x d istance = 53,200 N x 2,000 m 

= 106.4MJ 

N 95 - X 180 t = 17,100N 
t 

Resistance x distance = 17,100 N x 2,000 m 

= 34.2MJ 

Potent ial 
Energy 

W = pos. w - neg. W 
= 106.4 - 34.2 

= 72.2lv!J 

Work Kinetic Energy 

J 

Solution 

1 



GIVE FEEDBACK 

Calculating an unknown distance, velocity or elevation for linear motion 

Initial veloci1y: 

Initial kinetic energy: 

r 

Example 

1 

v, = 90 km/h 

= 25 m/s 

I KE1 = --'- mv2 
2 

= ( ~ ) (180,000 kg·: [25 mts·; 2 

= 56.25MJ 

Potent ial 

Energy 

r 

1 

Work Kinetic Energy Solution 



I 

GIVE FEEDBACK 

Calculating an unknown distance, velocity or elevation for linear motion 

Substitute into: 
1PE1 + KE, ; ± W = (PE2 + KE2) 
0 + 56.25 + 72.2 = 92.45 + KE2 

Hence, final kinetic energy is: 
KE2 = 36M) 

Final velocity can now be calculated: 

Solving for v: 

l 
- mv l= 36MJ = 36 X l06 J 
2 

v = 20 m/s or 72 km/h 

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

r r 

Example 
Potential 

Work Kinetic Energy 
Energy 

_L 1 1 

Solution 



A 12000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

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

SMALL i .!..J!i!ti UUH:E 
>J< 

Type your answer in the box. 

The initial potential energy is '--------' MJ (OO<,.,ctto tw<> decimal places). 

The n:nal potantfal encrmr Is '--------'MJ (corroot to two decimal places). 

The initial kinetic energy Is '--------' MJ (correct to two decimal places). 

The net work done is '--------' MJ (correct to two decimal places}. 

liil 

Do yoo lmow the answer? 

I KNOW IT UNSIIA£ HO IDEA 



A 12000 kg truck climbs an incline of 5 • tor 1 km. 

Its initial velocity before the climb is 72 km/h. 

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

SMAU. i .U.!ii!/1 Ullli:E 

>I< 

Type your answer in the box. 

The final kinetiC enefgy can be detennTOOd using v/Ofk·&netgy analysis (PEl + KBJ ± w = PB2 + KR2). 

The final kinetic: energy is '---------'jfxl~. 

liil 

Do you knO\Y the answer? 

I KNOW IT 1 ~·H~. ~o UNSURl NO IDEA 



A 12000 kg truck climbs an incline of 5 • for 1 km. 

Its initial velocity before the climb is 72 km/h. 

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

>I< 

Type your answer in the box. 

TOO speed Of the ttuck at the top of the hill is '--------' m/s, wtlieh iS equal to 
L_ _____ _J km/h. 

fiil 

Do you know the answer? 

I KNOW IT UNSll~f NO IDEA 



Calculating an unknown distance, velocity and elevation for rotational motion 

The work-energy method can be applied to rotational as well as linear motion. 

ft can also be used successfully when more than one moving component is involved. 

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

r 
J 

Introduction Example 
Potential 

Kinetic energy Solution 
energy_L 

1 1 

GIVE FEEDBACK 



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 15 kg.m 2• 

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. 

Introduction Example 

GIVE FEEDBACK 

.1 . .:..
1

2.5 m 

L_.J 

Potential 
Kinetic energy 

energy_L 

J 

Solution 

1 



I 

GIVE FEEDBACK 

Calculating an unknown distance, velocity and elevation for rotational motion 

Using the lowest position of the block as a datum: 

T 

Introduction Example 

1 

P£1 = mg h , 

= 245.3 J 

PEz = 0 

Potential 

energy 

J 

Kinetic energy Solution 

1 



I 

GIVE FEEDBACK 

Calculating an unknown distance, velocity and elevation for rotational motion 

KEI""""' = 0 
KEI ... ., = 0 

KB2 = 2.m v 2 = f ..!_ )· i I OJ. 122··, = 20 I 
- 2 \ 2 ,. . . 

Final angular velocity of the drum: 

T 

Introduction Example 

1 

vz 2 
W 2 = - = - = SradJs 

r 0.4 

r 

Potential 
Kinetic energy 

energy 

1 

Solution 



I 

GIVE FEEDBACK 

Calculating an unknown distance, velocity and elevation for rotational motion 

Substitute into: 

!.PE> + KE> ,,_, + KE,,.~, ; + W = IPE2 + KE2"'""' + KE2,..m,·: 
245.3 + 0 + () + w = 0 + 20 + 187.5 

:. w =- 37.8/ 

This is negative work done by resistance torque equal to W = T x 9 where: 

Substitute: 

S 2.5 m e = - = -- = 6.25 rad 
r 0.4m 

37.8 = T X 6.25 

:.r = 6.0sN.m 

Hence bearing friction torque T is 6.05 N.m. 

T r 

Introduction Example 
Potential 

Kinetic energy 
energy_L 

1 1 

Solution 



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, Its velocity is 1.8 m/s. 

SMAU. IM'.!ii!ti IARi:E 

Type your answer in the box. 

Using th& lowast position of lh& bloclc: as a datum, the final potential energy is c.,==,--------'J an<J 
the lntUal potential energy Is J (correct to two decfmat p&aoos}. 

fiil 

Do you koo~t tbe answer'? 

I KNOW IT UNSliRf NO IDEA 



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, Its velocity is 1.8 m/s. 

SMALL i .!..J!i!ti UUH:E 
>J< 

Type your answer in the box. 

The intuaJ kinetiC aoe(gy of the block IS J. 

The n:naJ kinetic energy of the block~ J (correct to two declmal plaoos}, 

The initial kinetic energy of the drum Is ,_ ______ _,J. 

The ftnal kinetic energy of the drum is ,_ ______ _,J. 

liil 

Do you lmow the answer? 

I KNOW IT UNSIIA£ HO IDEA 



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, Its velocity Is 1.8 mjs. 

Type your answer in the box. 

Usingth&wor1<-&nergymeth0d(Jl8l + KBJ± W = PB2 + KBz},theworkdoneis-·L ______ _J 

(co<rect to tvro deoimal places). 

This iS n&gative \\'Ork done by r&SiStar.oe torque whiCh is equal to W = T 0, therefor& the beating friction tOr'QU& 
ls Nm (correct to two decimal places). 

Iii! 

Do you knO\'I tbe answer? 

I KNOW IT UN$URE NO IDEA 



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 velocizy is 1.5 m;s. 

SMAU. IM'.!ii!ti IARi:E 

Type your answer in the box. 

Using th& lowast position of lh& bloclc: as a datum, the final potential energy is L:-,.,.-,-,:--------'J an<J 
the lntUal potential energy Is J (correct to the noorost:joulo). 

fiil 

Do you koo~t tbe answer'? 

I KNOW IT UNSliRf NO IDEA 



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. 

SMALL i .!..J!i!ti UUH:E 
>J< 

Type your answer in the box. 

The intuaJ kinetiC aoe(gy of the block IS J. 

The n:naJ kinetic energy of the block~ J. 

The initial kinetic energy of the drum Is ,_ ______ _,J. 

The ftnal kinetic energy of the drum is ,_ ______ _,J. 

liil 

Oo you lmow the answer? 

I KNOW IT UNSIIA£ HO IDEA 



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 velocizy is 1.5 m;s. 

SMAU. i .U.!ii!/1 Ullli:E 

>I< 

Type your answer in the box. 

Usingth&v/Or1<·&nefgy math0d (J,B1 + KBJ± W = PB2 + KH2;}, the wort< done is-._ ______ _.J. 

This is negative work done by resistance torque which is equal to W = T 9, th«efore the bearing friction torque 
Is Nm (correct to two decimal places). 

Iii! 

Do you know the answer? 

I KNOW IT lltlSIJR~ NO IDEA 



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: 

PE1 + KB 1 + SE1 = the init ial total energy of t he body 

PE2 + KE2 + SEz = the final total energy of the body 

± W = the net work done on the body 

< 

GIVE FEEDBACK 

< 

Then the final energy of the body is equal to the initial 
energy of the body increased by the amount of net work 

done on the body: 

... 
"" 



Match each of the symbols from the equation PE1 + KE1 + SE1 ± W = PEz + KEz + SEz with the 
correct description. 

I Drag statements on the rigbt to matcb the left. 

PE1 IMl The initial potential energy 

KE IMl The initial kinetic energy 

SE1 IMl The initial strain energy 

n' IMl The work done 

PEz IMl The final potential energy 

KEz IMl The final kinetic energy 

SEz IMl The final strain energy r .. :::i 

Do you know the answer? 



I 

,r 

I The work-energy method equation .......... 1 

5 2 

3 

4 

6 

l. 

D 

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. 
5) The symbol W refers to ___ . 
6) The symbol SE refers to __ 
energy. 

r--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 stra in energy? 

Click the correct answer. 

PE1 - KE1 - SE1 = PE2- KEz- SE2 

PE1 + KEz + SE1 ± W = PE2 + KE1 + SE2 

PE2 + KE1 + SE2 = PE1 + KE2 + SE1 

PE1 ±W = PE2 
KEt + SEt KE2 + SE2 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate energy levels for a mechanical component or system of components 

A railway truck of mass 8 trolls 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. 

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

Example 

GIVE FEEDBACK 

63m II 0.4m 
~-----=.:c.:..:..: ____ _.. compression 

Potential 

energy 

L 

r 

Kinetic energy Strain energy 

t 



GIVE FEEDBACK 

Calculate energy levels for a mechanical component or system of components 

Initial potential energy: 

Final potential energy: 

r 

Example 

l 

PE 1 = mgh 

= (8,000)(9.81 i(20.5sin 3 ° ) 

= 84,200 J 

Potential 
Kinetic energy 

energy 

r 

Strain energy 

t 



GIVE FEEDBACK 

Calculate energy levels for a mechanical component or system of components 

Initial kinetic energy: 

Final kinetic energy: 

r T 

"" I 2 "" '= 2 m v 

' I .., 
= ("2 )(8,000kgi(4.2m/s)2 

= 70,560 J 

KE2 = 0 

I 
Potential 

Exampe Kinetic energy 

l 
_Lenergy 

Strain energy 



GIVE FEEDBACK 

Calculate energy levels for a mechanical component or system of components 

Initial strain energy: 

Final strain energy: 

r 

SEt= 0 

(the spring Is not compressed at this stage). 

S£2 = ..!:_k x 2 
2 
; 1 . 

e (-)k (0.4m;2 

.. 2 I 

= O.OSk 
where k is the unknown spring constant. 

T 

I 
Potential 

Exampe 
_Lenergy 

Kinetic energy Strain energy 

l L 



A railway truck of mass 6.4 trolls 35m 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. 

SMALL INI!!UAI UUtGr 

Type your answer in the box. 

The Qnergy tetrns that must b9lr')CitJd9d fn the wol"k-energy analysis ot thlS pmblernra:::r•=th&"-------, 
L..=...,.,-==:::--_Jenorgy, the ooorgy and tho'---------' 
energy of the truck. 

These energy terms must be considered Jn the lnttlal and flnal conditions. 

Do you know tbe answer? 

I KNOW IT ThiH~. SO V~SURE NO IDEA 



A railway truck of mass 6.4 trolls 35m 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. 

Type your answer in the box. 

The initial potential energy is L--------' J {correct 10 ttle neafast jOOkt). 

The 11nal potOnttal enel'ln' Is L._ ______ _,J. 

Iii 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



A railway truck of mass 6.4 trolls 35m down a 2 • incline, 
starting With an init ial 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. 

Type your answer in the box. 

The initial kinetiC eoe(gy is '----------' J (oorrect to the naamst joule}. 

The11nal kinetic energy Is c::::::::::::::::::::::::::::::::::::::::::::::::::::~ J . 

Iii 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



A railway truck of mass 6.4 trolls 35m 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. 

Type your answer in the box. 

The initial strain en&l'gy is ._ ______ _,J. 

If the sprtng has a modulus of k, the flnal strain onergy ts '--------' J. 

Iii 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



Calculate appropriate work inputs or outputs 

A railway truck of mass 8 trolls 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? 

63 m II 0.4m 
~-----=.:c.:..:..: ____ _.. compression 

r r J 

Example 
Identify the 

Act ion distance Work done Discussion 
source of work 

_L 
~ 1 

GIVE FEEDBACK 



GIVE FEEDBACK 

Calculate appropriate work inputs or outputs 

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

Example 
Identify the 

source of work 

r 

Act ion distance 

J 

Work done Discussion 

1 



GIVE FEEDBACK 

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: 

T 

Example 

Total distance = 20.5 + 63 + 0.4 

= 83.9m 

Identify the 

source of work 
Action distance Work done 

J 

Discussion 

1 



GIVE FEEDBACK 

Calculate appropriate work inputs or outputs 

The work done can be calculated using: 

Therefore: 

T 

Example 

work = force x distance 

W = \1,200N)(S3.9m) 

= 110,750 J 

Identify the 

source of work 

r 

~ 

Act ion distance Work done 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. 

T r r 

Example 
Identify the 

Act ion distance Work done Discussion 
source of work 

_L 
~ ~ 

GIVE FEEDBACK 



A railway truck of mass 6.4 trolls 35m down a 2 • incline, 
starting With an init ial 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. 

SMAU. ! ::!..!iii!! Wli:E 

Type your answer in the box. 

In l.his system the wor1< ls done agatnst resiStance. 

This force has a value of N. 

Do you know the answer? 

I KNOW IT IINSII~I NO IDEA 



A railway truck of mass 6.4 trolls 35m 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 tractlve resistance is 1200 N. 

The spring is compressed by 300 mm. 

Type your answer in the box. 

The total distance travelled by the railway truCk ts the Slim of t he distance trov-ene<J down the 
'---.,--,.,-----..,.-.,..,,.> tha distance travelled on the track and the dtstance 
travelled In compressing the '-------~ 

Therefore the total distance travelled ls L ______ _J m. 

>I< Iii! 

Do you know tbe answer'? 

I KNOW IT NO IDEA 



A railway truck of mass 6.4 trolls 35m 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. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

TOO wor1< done by the railway t ruck Is kJ. 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~IJRE NO IDEA 



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. 

I The total tractive resistance Is 1320 N. 

What is the spring stiffness if the spring is compressed by 400 mm? 

Example 

GIVE FEEDBACK 

63 m II 0.4m _____ ..:::.:c..:..:.: ______ , compression 

r 

Initial energy 

1 

r 

Final energy Work done 

_L 
Work-energy 

analysis 



GIVE FEEDBACK 

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

Initial potential energy: 

PE1 = m g h = (8,000)(9.81 i (20.5 sin 3 • ; = 84,200 J 

Initial kinetic energy: 

KE 1 =+m v• = (! )<s,oookg}i4.2 m/s) 2 = 70,5601 

Initial strain energy: 

SE 1 = 0 (the spring is not compressed at this stage). 

r r , 

Example Initial energy Final energy Work done 

_L 
Work-energy 

analysis 



GIVE FEEDBACK 

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

Final potential energy: 

Final kinetic energy: 

Final strain energy: 

r T 

PEz = 0 

SE2 = ~ kx2 = ( ~ )k (0.4m)2 = 0.08k 

where k is t he unknown spring constant. 

Example Initial energy Final energy Work done 

1 

, 

Work-energy 

analysis 



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

The work done against tractive resistance is: 

I T 

W = force x distance 

= I ,320 X (20.5 + 63 + 0.4 i 

= 110,750J 

r 

Example Initial energy Final energy Work done 

1 1 

GIVE FEEDBACK 

Work-energy 

analysis 



GIVE FEEDBACK 

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

I 

We can now wr1te the energy balance as follows: 

Substitution yields: 

84,200 + 70,560 + 0 - 110,750 = 0 + 0 + 0.08k 

:. k = 550 N/mm 

Hence the spring stiffness corresponding to maximum compression of 400 mm is 

k = 550 N/mm. 

T r r 

Example Initial energy Final energy Work done 
Work-energy 

_L 
analysis 

1 1 



A railway truck of mass 6.4 trolls 35m 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 tractlve resistance is 1200 N. 

The spring is compressed by 300 mm. 

Type your answer in the box. 

TOO initial potential ene(gy is L._ ______ _,J {correct 10 ttle nearest jOUle). 

lhe lnttla1 klnetfc energy- Is L._ ______ _,J (correct to tho noarostjotJie}. 

The initial strain energy is l-______ _,J (correct to tile nearest joule). 

The work done against tractive resistance ls L._ ______ _,J (correct to the nearest joule). 

liil 

Do you know the answer? 

I KNOW IT IJNSIIRI HO IDEA 



A railway truck of mass 6.4 trolls 35m down a 2 • incline, 
starting With an init ial velocity of 4. 7 m;s, and continues on 
a level track for 64.7 m before striking a spring buffer. 

The total tractlve resistance is 1200 N. 

The spring is compressed by 300 mm. 

SMALL i .dt.!!iit! UIRi:l 

Type your answer in the bo1. 

Th& nnal potential energy is ,_ ______ __;J (oormct to lh& nearest. joule). 

The flnal kinetic energy Is ,_ ______ _,J (correct to the nearest )oulo). 

The flnal strain energy Is ,_ ______ __; J (correct to the nearest joule). 

>l< liil 

0<> you know tbe answer? 

I KNOW IT UNSURf NO IDEA 



A railway truck of mass 6.4 trolls 35m 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 tractlve resistance is 1200 N. 

The spring is compressed by 300 mm. >I< 

r 

Type your answer in the bo1. 

Using theWOI'IH~Mfgy methOd (PBL + KBJ + SP.1 ::t: W = PB2 + KB'l + SE'a), lh& spting mOdulus ts equal to 

'--------' fol/ mm (correct to the n'"'"'"l fol/ mm). 

Do yoo koo" tbe answer? 

I KNOW IT TH'N~ ~0 Utt~IIRf NO IDEA 



O<!en'nlninC-wort< lai)C)OIIIM or 
necau.e requi<•- ctlhe enero 
ct tl>e "" 

•• ~ 0 

The descfiption of work as being either positive or negaUve Is based on whether 
the work 1n<:reases or decreases the energy of the system. 

Positive work 1n<:reases the energy of a system wh•le negauve work decreases 
the energy of a system. 

GIVE FEEDBACK 



Which of the following are correct descriptions for positive and negative work? 

Check all that apply. 

0 Positive work increases the energy of a system 

0 Negative work decreases the energy of a system 

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

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

0 Negative work increases the energy of a system 

0 Positive work decreases the energy of a system 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



The concept of negative work 

Negative work decreases the energy of a system. 

Examples of negative work include those where work is done against frict ional 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. 

GIVE FEEOBACII 



Which of the following represent examples of negative work where work is done against frictional 
resistance? 

Check all that apply. 

0 A car using its brakes to come to rest 

0 A box being dragged across a concrete floor 

0 An electric heater used t o heat a room 

0 A box being lifted by hoist 

0 A spring stretching as it supports a vertical weight 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 




