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Torque & Couples (HL)

Torque & Couples

Moment of a Force

= Amomentis the turning effect of a force around a particular point
= Moments occurwhen forces cause objects to rotate about some pivot
= The moment of aforceis given by
Moment (N m) = Force (N) x perpendicular distance from the pivot (m)

= The Slunit forthe momentis newton metres (Nm)
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Couples

= Acoupleisa pair of equal and opposite coplanar forces that act to produce rotation only
= Acouple consists of a pair of forces that are:

= Equalin magnitude

= Oppositeindirection

= Perpendicularto the distance between them

Force couple diagram

Ld
L 4

A couple must consist of two equal and opposite forces separated by a perpendicular distance

= Unlike moments of a single force, the moment of a couple doesn’t depend on a pivot

= The moment of a coupleis equal to:
Moment (N m) = Force (N) x Perpendicular distance between the lines of action of the forces
(m)

= Acouple doesnot produce anetlinearforce
= However, it does produce a turning effect called a torque

Torque

= The changeinrotational motion due to a turning force is called torque
= Thetorque of aforce Faboutan axisis given by
7= Frsin 0

Torque of a non-perpendicular force
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The torque applied by a cyclist on a bicycle pedal can be determined using the magnitude of the applied
force and the perpendicular component of the distance between the line of action of the force and the
axis of rotation

For scenarios where the forces are perpendicular (6 = 90°) to one another, the equation simplifies to
= Fr

= Where:
= 7=torque(Nm)
= F=appliedforce(N)

r = perpendicular distance between the axis of rotation and the line of action of the force (m)
= f=angle between the force and the axis of rotation (°)

Torque of a couple on a steering wheel

/’_\Steering angle

~ B

Grasping
position
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When applied to a couple, torque can be described as
The sum of the moments produced by each of the forces in the couple

Forexample, the torque provided by a couple on a steering wheel of radiusris

7=(Fx rsin®) + (FX rsin0) = 2Frsin 0
Since @ = 90°, thent = 2Fr

Therefore, the torque of a couple is equal to double the magnitude of the torque of the individual
forces
The forces are equal and actin opposite directions

= Therefore, couples produce aresultant force of zero
Due to Newton’s Second law (F = ma), the steering wheel does not accelerate

= |notherwords, whenthe forceis applied, the steering wheel rotates with a constant angular speed

but remainsin the same location
The effect of angle on torque
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@ Worked example

The forces acting on a bicycle pedal at different positions during aride are shownin the diagram
below.

The distance from the pedal to the axis of rotationis 24 cm.

A B

90 N

Atwhich positionis the magnitude of the torque the greatest?

Answer: B
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Inposition A: When8=180°,sin8=0,sot=0i.e. the force exerts no torque on the pedal. When
the pedalis at the bottom, no amount of pushing down will produce any torque on the pedal.

In positionB: When the angle 8is 90° and the force Fis 90 N, the torque t=0.24 x 90 x sin90° =
21.6Nm

In position C: When the angle 8is 60° and the force Fis 75N, the torque t=0.24 x 75 x sin 60° =
15.6Nm

InpositionD: When the angle 8is 30° and the force Fis 150 N, the torque t=0.24 x 150 x sin 30°
18.0Nm
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Rotational Equilibrium (HL)

Rotational Equilibrium

= Asystemis said to be inrotational equilibrium when

= Thereisnoresultant force acting

= Thereisnoresultant torque acting
= Anobjectinrotational equilibrium will therefore remain at rest, orrotate with a constant angular

velocity

= Thisis analogousto Newton's First Law for translational equilibrium

= Thismeans abody isinrotational equilibriumif
The sum of the clockwise moments is equal to the sum of the anticlockwise moments

= Thisis also known as the principle of moments and can be applied to arange of scenarios, such as a
balanced beam
= Abeamisanexample of arigid, extended body

A balanced beamin rotational equilibrium

When the resultant force and resultant torque are both zero, the beam will be in rotational equilibrium
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@ Worked example
Four beams of the same length each have three forces acting on them.

Which of the beams is in rotational equilibrium?

A B
10N 27 N 50N 71N
50 cm d/ 30 cm 50 cm d/ 30 cm
90N 100 N
C D
15N 25N 43 N 12 N
50 cm d/ 30 cm 50 cm d/ 30 cm
40 N 60 N

Answer: C

= Abeamisinrotational equiliorium when there is zero resultant force and zero resultant torque
actingonit
= |nrotational equilibrium:
Total clockwise torque = Total anticlockwise torque

= Considerbeam C, taking torques from the centre of the beam (where its weight acts) :
Torque, T = FI‘(as sin 90° = 1)

Total clockwise torque =15 x 50 =750 Ncm

Total anticlockwise torque =25 x 30 =750 Ncm

The total clockwise torque (750 N cm) = total anticlockwise torque (750 N cm), therefore, beam C
isinrotational equilibrium
The otherbeams are not in rotational equilibrium because...

= Beam A has aresultant torque of 310 N cm anticlockwise
= BeamBhasaresultant torque of 370 N cm clockwise
= BeamD has aresultant torque of 1790 N cm clockwise
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Unbalanced Torque

= |nthe same way that aresultant force produces linear acceleration, a resultant torque produces
angular acceleration
= Thedirection of the angular acceleration depends on the direction of the net resultant torque
Beam with an unbalanced torque

COMPRESSION BRACE L
BUCKLED

If there is a net resultant torque in the clockwise or anti-clockwise direction, the beam will also have an
angular acceleration in that direction
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@ Worked example

Auniform plank of mass 30 kg and length 10 mis supported at its left end and at a point 1.5 m from the
centre.

50m 1.5m r

Calculate the maximum distance r to which aboy of mass 50 kg can walk without tipping the rod over.

Answer:
Step 1: Analyse the scenario and identify the forces

= Lettheforcesateachsupportbe F| (reaction force fromthe left support) and Fg (reaction force
from the right support)

= These are vertically upwards
= Justbefore the planktips over, the system s in rotational equilibrium

= Whenthe plank begins to tip over, the left support force F| willbecome zero since the rod willno
longertouch the support
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Take torque
about this point

FL.= 0 once no

. A longer in contact BRA
with support
P 50m -

Produces an
anti-clockwise
torque V

30xg

G

Step 2: Take torques about the right support

= Torque =Frsinf(6=90°forall)
= Clockwisetorque=50xgxr
= Anti-clockwise torque =30 xgx1.5
Step 3: Equate the clockwise and anti-clockwise torques

Produces a
clockwise
torque V

50 xg

D,

30X g X 1.5=50% g xr

_ 30¢x1.5 30 x L5

! 504

r=0.90m

50

= Therefore, the plank will begin to tip once the boy is 0.90 m from the right support
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@ Worked example

The diagram shows three forces acting on a wheel.

12N

V 9N

Determine the netresultant torque about the axis of rotation O. State whether the angular acceleration
thatis producedis clockwise or anticlockwise.

Answer:
Step 1: Recall the equation for torque
7= Frsin 0
Step 2: Find the sum of the torques in the clockwise direction
Torque of the 10Nforce: T = 10 X 0.25 X sin 90° = 2.5 N m
Torque of the9Nforce: T = 9 X 0.25 X sin 90° = 2.25 N m
Total clockwise torque =2.5+2.25=4.75Nm

Step 3: Calculate the torque in the anti-clockwise direction
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25cm

12N

12sin30°\ V 9N

Torque of the12Nforce: T = 12 X 0.1 X sin 30° = 0.6 N m
Total anti-clockwise torque = 0.6 Nm
Step 4: Determine the netresultant torque

= Resultant torque = sum of clockwise torques - sum of anti-clockwise torques

= Resultant torque: Z T=475-0.6=4.15Nm, clockwise

= Direction of angular acceleration: clockwise
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Angular Displacement, Velocity & Acceleration (HL)

Angular Displacement, Velocity & Acceleration

= Arigidrotating body can be described using the following properties:
= Angulardisplacement
= Angularvelocity
= Angularacceleration
= These properties can be inferred from the properties of objects movingin a straight line combined with
the geometry of circles and arcs

Angular Displacement

= Angulardisplacementis defined as:
The change in angle through which arigid body has rotated relative to a fixed point

= Angulardisplacementis measured inradians
Angular displacement to linear displacement

= Thelineardisplacement s at any point along a segment thatisinrotation can be calculated using:

s =10

= Where:
= f=angulardisplacement, orchangein angle (radians)
= s=lengthof the arc, orthelineardistance travelled along a circular path (m)
= r=radius of acircular path, or distance from the axis of rotation (m)
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Angular Velocity

= The angularvelocity w of arigid rotating body is defined as:
The rate of change in angular displacement with respect to time

= Angularvelocity is measuredinrad s
= Thiscanbe expressed as anequation:

= Where:
= w=angularvelocity (rad s™)
= Af=angulardisplacement (rad)
= At=changeintime(s)
Angular velocity to linear velocity

= Thelinearspeedvisrelatedto the angular speed w by the equation:

V=10

= Where:
s v=linearspeed(ms™)
= r=distance from the axis of rotation (m)

= Takingthe angular displacement of a complete cycle as 21, angular velocity w can also be expressed

as:

= Rearranging gives the expression forlinear speed:

_2f_2Tt1‘
v = 2Tfr = 7

Where:
= f=frequency of the rotation (Hz)
= T=time period of the rotation(s)

Angular Acceleration

= Angularaccelerationais defined as

The rate of change of angular velocity with time

= Angularacceleration is measured inrad s—2
= Thiscanbe expressed as anequation:
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= Where:
= a=angularacceleration (rad s=2)

= A w=changeinangularvelocity,or A® = @ . — a)i(rads4)

f
» A t=changeintime(s)
Angular acceleration to linear acceleration

= Using the definition of angular velocity w with the equation forangular acceleration a gives:

Av

Ao =—

r
_Aa)_ Av_a
@= At At r

= Rearranging gives the expression forlinear acceleration:
a= 1o

= Where:
= a=linearacceleration(ms-2)
= r=distance from the axis of rotation (m)

= AV=changeinIinearveIocity,or Av=v-— U(ms
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Graphs of Rotational Motion

= Graphs of rotational motion can be interpreted in the same way as linear motion graphs

= Angulardisplacementis equal to...
= The areaunder the angular velocity-time graph
= Angularvelocityis equal to...
= The gradient of the angular displacement-time graph
= Theareaunder the angularacceleration-time graph
= Angularaccelerationisequalto...

= The gradient of the angular velocity-time graph
Summary of linear and angular variables

Variable

S

displacement s =10 0 = —
r

. \4
velocity V = I® w = —
r

acceleration a=ra 0= =
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Angular Acceleration Formula (HL)

Angular Acceleration Formula

= The kinematic equations of motion foruniform linear acceleration can also be re-written forrotational
motion

= The fourkinematic equations foruniformlinear acceleration are
v=u+t at

s = ut+ —at?
2

vZ = u? + 2as

_ (u+ V)l‘

§ 2

= Thisleads to the four kinematic equations for uniform rotational acceleration
o.=o.t at
I f

1
AO = ot + —at?

2
a)fz = w2+ 2aN0
1
(a). + a))t
i 1
AO = 5

= The five linearvariables have been swapped for the rotational equivalents, as shownin the table below

Variable Rotational
displacement s 6
initial velocity u Wi
final velocity v wt
acceleration a a
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time
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@ Worked example

The turntable of arecord playeris spinning at an angular velocity of 45 RPM just before it is turned off. It
then decelerates at a constant rate of 0.8 rad s=2.

Determine the number of rotations the turntable completes before coming to a stop.
Answer:
Step 1: List the known quantities

= [nitialangular velocity, a)l. =45RPM

= Finalangularvelocity, a)f =0

» Angularacceleration, @ = 0.8 rad s~2

= Angulardisplacement, AG=2
Step 2: Convert the angular velocity from RPM torad s-!

= Onerevolution corresponds to 2mradians, and RPM =revolutions per minute, so

RPM
o =2TNfandf = 60 (to convert to seconds)
_ 2mxRPM  2mx45  3m ds-!
YiT 760 T 60 2 08

Step 3: Select the most appropriate kinematic equation

= We know the values of a)l., @ .and &, and we are looking for angular displacement 0, so the best

f
equation to use would be

cof2 =w?+ 2aA0
1

Step 4: Rearrange and calculate the angular displacement A 6
0= a)i2 - 2aA0
Eas
> -
@7 \2)
2a 2x0.8

AG =

Angular displacement, A 6=13.88rad

Step 5: Determine the number of rotationsin A 6
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= There are 2mradiansin1rotation

13.88

=22
27
= This means the turntable spins 2.2 times before coming to a stop

= Therefore, the number of rotations =
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Moment of Inertia (HL)

Moment of Inertia

= |nlinearmotion, theresistance to achange of motion,i.e. linearacceleration, is known as inertia
= Thelargerthe mass anobject has, the greateritsinertia
= |nrotational motion, the distribution of mass around an axis must be considered, using moments of
inertia
= The moment of inertia of arigid, extended body is defined as:
Theresistance to a change of rotational motion, depending on the distribution of mass
around a chosen axis of rotation

= Moment of inertia is measured in kg m?

= The moment of inertia of abody corresponds to how 'easy' or 'hard'itis to rotate, and this is dependent
on many factors, including
= |tsshape
= |tsdensity
= |ts orientation (relative to an axis of rotation)
= Thesefactors allow an object's distribution of mass to be takeninto account
= |talsomeansthat the moment of inertia of a singular object can change depending onits
orientationinrelation to the chosen axis of rotation
= Forexample, the moment of inertia of a thinrod is different for each of the following orientations:
= Rotationaboutits vertical axis
= Rotationaboutits centre of mass
= Rotationabout one end

= These arejust afew of the possible orientations of the axis of rotation for a thinrod
= Thereis aninfinite range of possible axes, and therefore moments of inertia
= Thisalso appliesto nearly all rigid, extended objects that could be considered
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Calculating Moments of Inertia

= The moment of inertia I of a point mass is equal to

I = mr?

= Where:
» [ =moment of inertia (kg m2)
= m=mass of the object (kg)
= r=distance fromits axis of rotation (m)
= Apointmassisthe simplest type of object to consider, the moment of inertia of a non-point mass can
be calculated using

I= 2 mr

= This means that the sum of the moments of inertia of all the point masses in the system gives the total
moment of inertia of the system
= Some moments of inertia of common shapes are shown below:
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Newton’s Second Law for Rotation (HL)

Newton’s Second Law for Rotation

= |nlinear motion, the force required to give an object a certain acceleration depends onits mass
F = ma

= Thisis Newton's Second Law of linear motion, where:
» F=force(N)
= m=mass(kg)
= a=linearacceleration(ms-2)

= |nrotational motion, the torque required to give arotating object a certain angular acceleration
depends onits moment of inertia

7= lo

= Thisis Newton's Second Law of rotational motion, where:
= T =torque(Nm)
» [ =moment of inertia (kg m2)

= (@ =angularacceleration (rad s=2)
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= This equation comes from the fact that torque is the rotational equivalent of force:
Force: ' = ma

Torque: T = Fr

= Where:
= ['=distance from the axis of rotation (m)
= Combining these equations gives:
7 = {ma)

= The moment of inertia of arotating body can be thought of as analogous to mass
= Theinertia of amass describesits ability to resist changes to linear motion, whichis referring to
linear acceleration
= Similarly, the moment of inertia of a mass describesits ability to resist changes to rotational
motion, whichis referring to angular acceleration

Angularacceleration: ¢ = —
r

Moment of inertia (point mass): I= 1111‘2

= Using these equations with the equations for force and torque leads to:
T = I(mra)

7= (mrR)a

7= la

Comparison of linear and rotational variables in Newton's Second Law

Linear variable Rotational variable
Force, I Torque, T
Mass, m Moment of inertia, 1
Acceleration, & Angular acceleration, &
Newton's Second Law, F' & a Newton's SecondLaw, T &«
F=ma 7= Io
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Angular Momentum (HL)

Angular Momentum

= Angularmomentumi is the rotational equivalent of linear momentum, whichis defined by mass x
velocity, or

p = mv
= Therefore, angular momentum L is defined by

L

) [0))
= Where:

= [ =angularmomentum (kg m2rads-')

= [ =moment of inertia (kg m2)

= @ =angularvelocity (rad s
Angular Momentum of a Point Mass

= The moment of inertia of arotating point mass mwhich is a distance r from an axis of rotationis equal to
I = mr?

= The angularvelocity of the point mass is given by
o= —

r

= Therefore, the angular momentum of the point massis equal to

v
L=Io= (mrz)x7 = mvr
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@ Worked example

Ahorizontal rigid baris pivoted atits centre so that itis free to rotate. A point particle of mass 3Mis
attached at one end of the bar and a container is attached at the other end, both are at a distance of R
from the central pivot.

Apoint particle of mass M moves with velocity v at right angles to the rod as shown in the diagram.

Axis

N7

Container

The particle collides with the container and stays withinit as the system starts to rotate about the
vertical axis with angular velocity w.

The mass of the rod and the container are negligible.
Write an expression for the angular momentum of the system about the vertical axis:

(a) just before the collision, interms of M,vand R
(b) just afterthe collision, interms of M, R and w.

Answer:

(a) Just before the collision:
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Axis
27N e N
S I @) (O) M
i< B
i R i
= Angularmomentumis equal to:
L =lIo
= The moment of inertia of a point particle is
I = mr?

= Linearvelocityisrelated to angularvelocity by
vV = or

= Therod, containerand 3M mass are all stationary before the collision, so we only need to consider
the angular momentum of the point particle
= Where:
= Massoftheparticle, m = M
= Distance of the particle fromthe axis, I = R

1%
= Angularvelocity of the particle, @ = —

R

= Therefore, the angular momentum of the system before the collisionis:

%4
L= (MRZ)XE = MvR

(b) After the collision:
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The whole system rotates with an angular velocity of w

We are considering the rod and the container as massless, so we only need to consider the angular
momentum of the two masses Mand 3M

Therefore, the angularmomentum of the system after the collisionis:

L =(MR>)w + BMR?)w
L = 4MR2w
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Conservation of Angular Momentum

= Aswithlinearmomentum, angular momentum is always conserved

= The principle of conservation of angularmomentum states:
The angular momentum of a system always remains constant, unless a net torque is acting
on the system

= This conservation law has many real-world applications, for example
= Apersonon aspinning chair spins faster while theirarms and legs are contracted and slower while
extended
= Objectsinelliptical orbits travel faster nearer the object they orbit and slower when further away
= |ce skaters can change theirrotation velocity by extending or contracting theirarms
= Tornados spin faster as theirradius decreases

= Problemsinvolving a constant angular momentum can be solved using the equation:
Il.a)l. =1 oy
= Where:
u II.:initialmomentofinertia(kgmz)
= 0)1.=initialangularvelocity(rads4)
u If:ﬁnalmomentofinertia(kg m2)

= a)f =final angular velocity (rad s™)
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@ Worked example

A spherical star of mass Mand radius Rrotates about its axis. The star explodes, ejecting mass in space

1 1

radially and symmetrically. The remaining star is left with a mass of —— M and aradius of =~ R.

10 50

Calculate theratio of the star’s final angular velocity toits initial angular velocity.

The moment of inertia of a sphereis — MR?

5

Answer:
= Before the starexplodes:
= Initialmomentofinertia,[i = —MR2

= |nitialangular velocity = wi

= Afterthe starexplodes:

= Finalmomentofinertia, [ . = z( ! M\{ ! RY

£ 5\10 )\ 50
= Finalangularvelocity = a)f
= Fromthe conservation of angularmomentum:
iji =1 O,

2MR2 = 2x 1M>< ; 2R2
5 ®i=\5 710 50 @

(2t) = (2atke) ~—
)i

s ()]
) 25000
= Therefore, theratio of the star’s final angular velocity toits initial angular velocity is:
a)f
— = 25000
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Angular Impulse (HL)

Angular Impulse

Inlinear motion, the resultant force on a body can be defined as the rate of change of linear
momentum:

Ap

F=5

This leads to the definition of linearimpulse:
An average resultant force F acting for a time At produces a change in linear momentum

Ap
Ap = FAt = A(mv)

Similarly, the resultant torque on a body can be defined as the rate of change of angular momentum:

AL
Y’
Where:

= T =resultanttorque onabody (Nm)

» AL =changeinangularmomentum (kg m?s-)

= At =timeinterval (s)
This leads to the definition of angularimpulse:

An average resultant torque T acting for atime /A f produces a change in angular

momentum A L
AL = At = A(lw)

Angularimpulseis measuredinkgm?s=!,orNms
This equationrequires the use of a constant resultant torque
= [ftheresultant torque changes, then an average of the values must be used
Angularimpulse describes the effect of a torque acting over a time interval
= This means a small torque acting over along time has the same effect as alarge torque acting
over a short time

Angular Impulse on a Torque-Time Graph

The area under a torque-time graphis equal to the angularimpulse or the change in angular momentum


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

@ Worked example

The graph shows the variation of time t with the net torque 7 on an object which has amoment of
inertia of 5.0 kgm?2,

t(Nm)A
10
5
>
1 2 3 4 5 t(s)
-5

Att =0, the object rotates with an angular velocity of 2.0 rad s~' clockwise.
Determine the magnitude and direction of rotation of the angular velocity att=5s.
In this question, take anticlockwise as the positive direction.

Answer:

Step 1: Use the graph to determine the angularimpulse

= Theareaunderatorque-time graphis equal to angularimpulse, or the change inangular
momentum

AL = X At
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t(Nm) A
10 Area = A(lw)
1 ~ Positive
EX1O><3—15Nms angular
5 impulse
-5%x2=-10 Nms
>
1 2 3 74 S t(s)| Negative
5 angular
impulse

= The areaunder the positive curve (triangle) = E X10X3 =15Nms

» The areaunderthe negative curve (rectangle)=—5X2 = — 10N ms
= Therefore, the angularimpulse, orchange in angular momentumis

AL =15-10=5Nms
Step 2: Write an expression for the change in angular momentum

= The changeinangularmomentumis equal to

AL = Allo) = (0, ~ )
= Where
= Moment ofinertia, [ =5.0 kgm?
= |nitialangular velocity, a)l. =-2.0rads ' (clockwise is the negative direction)
Step 3: Calculate the final angular velocity

= Therefore,whent=5s,the angularvelocityis

SX(a)f— (—2)) =5

a)f =-1.0rad s7in the clockwise direction
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Rotational Kinetic Energy (HL)

Rotational Kinetic Energy

= Abodymoving with linear velocity has an associated linear kinetic energy given by

1
= — 2
Ek 2mv
2

_p
Ek_2m

= Similarly, arotating body with angular velocity has an associated rotational kinetic energy given by

E = %Ia)2
L2
Ek = 37
= Where:
u Ek =rotational kinetic energy (J)

= [ =moment of inertia (kg m2)
= @ =angularvelocity (rad s

» L =angularmomentum (kgm?2s-)

Rolling without slipping

= Circularobjects, such as wheels, are made to move with both linear and rotational motion
= Forexample, the wheels of a car, or bicycle rotate causing it to move forward
= Rolling motion without slipping is a combination of rotating and sliding (translational) motion
When a disc rotates:
= Eachpointonthe disc has a differentlinear velocity depending onits distance from the centre
(v o 1)
= Thelinearvelocity is the same at all points on the circumference
When a disc slips, or slides:
= Thereisnot enough friction present to allow the object toroll
= Eachpointonthe object has the same linear velocity
= Theangularvelocity is zero
So, when a disc rolls without slipping:
= Thereis enough friction present to initiate rotational motion allowing the object to roll
= Thepointincontact with the surface has a velocity of zero

= Thecentre of masshasavelocityof V.= @r
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= Thetop pointhas avelocity of 2vor2wr

Rolling down a slope

= Anothercommon scenario involving rotational and translational motionis an object (usually aballora
disc) rolling down a slope
= Atthe top of the slope, a stationary object will have gravitational potential energy equal to

Ep = mgAh

= Asthe objectrolls down the slope, the gravitational potential energy will be transferred to both
translational (linear) and rotational kinetic energy
= Atthe bottom of the slope, the total kinetic energy of the object will be equal to

1
= — 2 + — Jp2
EK total 2 g 2 lo
= Thelinear orangularvelocity canthen be determined by

» Equating Ep and EK et

= Using the equation for the moment of inertia of the object

= Usingtherelationship betweenlinear and angularvelocity V.= @r
= Forexample, foraball(a solid sphere) of mass mandradiusr, its moment of inertia is

I = 2
= —mr
5
= Equating the equations forEp and EK totaland simplifying gives

1 1(2 \
- — 2 4 | Z 2|2
mgAh 2m(a)r) + 2\5mr /a)

1
mgAh = Emcozr2 + gma)zr2

mgAh = Emwzrz
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@ Worked example

Aflywheel of mass Mandradius Rrotates at a constant angular velocity w about an axis through its
centre. The rotational kinetic energy of the flywheel is EK'

The moment of inertia of the flywheelis = MR2.

2
1
Asecond flywheel of mass 5 M andradius E R is placed ontop of the first flywheel. The new
2
angular velocity of the combined flywheelsis g .
i
[}
1
1]
/—___:_—~\
C:.?
Flywheel [} ]

Rotation axis

Whatis the new rotational kinetic energy of the combined flywheels?

A 5 B 4 C. 3 D oY
Answer: A

= Thekinetic energy of the first flywheel is

1 1 {1 \
— 2 — 2 2
EK—2Ia) —2X\2]\/IR}Xa)
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1
— AIR2.2
EK 4MRa)

= The combined flywheels have a totalmoment of inertia of

IneW - Il + [2
1 L)
= —MR2 + —|—
IneW 2MR 2\2M/\
— 9 2
Inew EMR

1
2

/
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