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6 SYSTEM OF PARTICLES & ROTATIONAL MOTION

. Centre of Mass & Centre of Gravity - Angular Velocity (o) & acceleration ()
- Torque (t) - Moment of Inertia (I) - Angular Momentum (L)
 Parallel axes theorem, Perpendicular axes theorem

4.2

T SMART SYNOPSIS &5 \

System of Particles means treating a group of objects (two or more) as one single unit.
Centre of Mass (CM) is the point at which the entire mass of the body is supposed to be
concentrated. Here, the body moves, as if the whole external force is acting at that point .

CM is independent of g.  CM may or may not lie inside the body. [SAQ]
Ex: Projectile explosion, Binary Star system, Earth-moon system .

Centre of Gravity (CG) is the point at which the weight of the body acts. [SAQ]
CG is depends on g. CG always lie inside the body.
Motion of centre of mass :

Ex : In case of a projected Indian club the particle at the

centre of mass moves along a parabolic path but all other

particles move in various complicated paths.

Rotational Motion:
Angular displacement (0) is the angle described by the radius vector at the centre, in a
given interval of time. SI unit: radian.

Angular velocity (o) is the rate of angular displacement. [SAQ]

Formula: o= T ST unit: rad s Linear velocity v=r®

Angular acceleration (o) is the rate of angular velocity. Formula: O = o

Moment of Inertia (I) in rotational motion is equivalent to mass (M) in linear motion.
Moment of Inertia is the inherent property of rotation, which opposes change in rotation.
Moment of Inertia is the product of mass(M) of the particle and square of the distance
between the particle and the axis of rotation.

Formula : I = Mr?, S.I unit : Kg m?

Note: In linear motion we consider motion of objects of physical quantities w.r.t a fixed point

while in rotational motion we consider rotation of objects w.r.t a fixed axis.
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Angular momentum (L)is the product of moment of inertia of a body and its angular velocity
Formula: L=1®=mvr
Law of conservation of angular momentum : The angular momentum of a system always

remains constant, when no external torque act on the system.

Thus, I ® = constant Hence, o, =1, o,
Torque / Moment of force in rotational motion is equivalent to force (F) in linear motion.
“Torque is the turning effect or twisting effect of the force about a point™.

It is the product of magnitude of the force and the perpendicular

distance of the point from the line action of force.

Torque 7T = Force X perpendicular distance

=F X r sin®
Vectorially, T=7TXF
ST unit : Nm

Ex: Opening a bottle cap, turning a steering wheel,

tightening or loosening a bolt using a wrench, opening a door.

Couple: Two equal and opposite parallel forces acting on a F
body at two different points in opposite directions constitute a T B
A
couple. Couple produces rotation. O |/
F

Ex: Turning a steering wheel, twisting water tap, turning a screw diver.

Note: Couple is a particular case of Torque.

Parallel axes theorem: The moment of inertia of a rigid body about an axis passing
through a point is equal to the sum of moment of inertia about a parallel axis passing through its
centre of mass and product of the mass of the body and the square of the perpendicular distance
between the axes. [SAQ]
Formula : I=1g + Mx?

Perpendicular axes theorem: The moment of inertia of a plane lamina about an axis
perpendicular to its plane and passing through a point is equal to the sum of its moment of inertia
about any two mutually perpendicular axes in that plane passing through that point. [SAQ]

Formula :1,= I, +],

For better concept clarity refer PHYSI BEATS P.No: 264

J
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9. Comparison between Linear and Rotational Motion:
( Linear Motion Rotational Motion )
1. Displacement x 1. Angular displacement 6
. ds :
2. Velocity V = — 2. Angular velocity ® = E
. _ do
3. Acceleration a = — 3. Angular acceleration O = E
4. Mass: m=F/a 4. Moment of inertia: | = MK?2
dL
5. Force F=ma=@ 5. Torque 7=l =—
dt dt
6. Work W=FS:1mv2—1mu2 6. Work W:Te:lm%_lmf
2 2 2 2
o _1 2 o 1
7. Kinetic energy K.Ep —EmV 7. Kinetic energy K.Eg =E|0)2
8. Power P =Fv 8. Power P =10
9. Linear momentum p = mv 9. Angular momentum | = |
*  We consider quantities w.r.t *  We consider quantities w.r.t
a fixed point. a fixed axis.

Jmp .Formulae

3. Angular velocity (m): w—%

11. Parallel axes theorem: | =I5 +Mx?

12.  Perpendicular axes theorem : I, = I, +1y

1. Ina plane, centre of mass of two points is P (X 1, Yem) = (

m; X;
2. Inaspace, centre of mass of n points is P (X 1, Y cm»Zem) = 2 M

) do
4. Angular acceleration 0= E

at

5. Moment of Inertia I = Mk2
6. Torque (or) Moment of Force: T =FxFE=Frsind =l
7. Angular Momentum L = mvr = mrzm lo=TXP
8. Law of Conservation of Angular Momentum : I;®;=l,®,
9. Relation between Torque and Angular Momentum T =

1, L2
10. Rotational Kinetic Energy K.Eg = > lo? =

My X4 + MyXyH

myy; + Myy, )

my +m, m; +m,
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10. Moment of Inertia of different bodies about different Axes :

Name of the body Axis of rotation Moment ofInertia‘
1.| Circular ring of radius R (i) Axis passing through its centre and MR2
[Mass: M; Radius:R] perpendicular toitsplane
(ii) About any diameter MR?
2
(iii) A tangent perpendiculartoits plane | 2MR?2
(iv) A tangent in its plane 3MR’
2
2.| Thin circular disc of radius R | (i) Axis pass ng thr_OUgh itscentreand MR?
[Mass: M; Radius:R] perpendicular toitsplane 2
(ii) About any diameter MR
4
(iii) A tangent perpendicular to its plane 3MR?
2
(iv) A tangent in its plane 5MR?
4
3.| Hollow sphere About its diameter 2 MR?
[Mass: M; Radius:R] 3
2
4. Solid Sphere (i) About its diameter =M R?
[Mass: M; Radius:R] 7
(il) About a tangent to the surface 5 MR’
5. Hollow cylinder (tube) About its geometrical axis MR
[Mass:M ,Radius:R,Length:L ]
S : : o MR
6. Solid cylinder (1) About its geometrical axis —
[Mass: M; Radius:R] 2
(i) Axis passing through itscentreand vl R
perpendicular toitsown axis 12 2
7.| Thin uniform rod of length L. | (i) Axis passing through centreand ML’
) dicular totherod
[Mass: M; Radius:R, Length :L] kel 122
(ii) Aboutitsend and ML
perpendicular to therod 3
8.| Rectangular plate or bar Axis passing through its centre and M [' “+b” ]
dicular toitspl 12
[Mass: M; Length :L, Breadth:b] perpenciciarfottspiane




6. SYSTEM OF PARTICLES

Vs N\
x R zy — 2 or =
I+°1="1 sixe |9|jeled WD ybnoayy (Al tOr=1r1
° -3utod swes ay3 ybnoayy ‘SaXe oM} 3y} usamiaq aduelsip
£ aueld ay3 ui sexe tejndipuadiad Ajlennw sejnoipuadiad ayy si x asaym

OM3] Jnoge eijuaul JO sjuswow 4o wng =

2T X JA + ssew jo anuad ayy ybnoayy
eujwe| e jo auejd ay; o3

sixe [9]jesed e 3noge ejjuaul JO JUBWOW =
sixe Aue 3noqe ejuaul JO JUBWO

W3IYO03IHL S3IXV T3T1IVHvd L°LL

z Jenoipuadiad sixe ue Jnoqge eiusul JO JUSWO

(euiweT sueld Jod) WIYOIHL SIXV YVINJIANIYId Z'LL

SIHdYO03IHL INVIYOdWI °LL

,

(7 — -
—9 12Ul A3120joA tenbuy o
4 H "S9SeaLd8p eljisuUl JO JUBWIOI o w m
P | *swue ayy ul sind Jaeds ¢ e ¢ A E
H
(pxa=0] | S —— @D | e -
ajdno) 3o Juawop E| “suondaup H Imiy = Imly _ 10 ﬁ jueIsSuod = my _ 2z =1

=~
+ 1

‘waysAs e uo syoe anbuioy |eulaIXd OU UBYA o

aysoddo ui syulod juasayip omy je Apoq e >t 1 wr

UuoI3eIOL JO SIXE 3Y} WOy (1) ddueIsip sy jo
asenbs pue apiued e jo (w) ssew jo Pnpoid o

(1) VILY3INI 40 LNIWONW "6

uo Buoe sadioy [9jjesed ajiun pue |enba om] o

E\ WNLNIWOW dVINONY 40 NOILVAYISNOD 40 MV ‘0L |

@ SYINWYO04 8 SLdIINOD -@: - |
zo—.—-oz l—<zc—-—-<-—-°m “Ryojan ‘_m_.._M“h xH mH_M:_Hk\.H juswopy
3 SA1JILYVd | sy
40 W31SAS 9

wn is g Xg=¢L

w0} 10337

Acu:mum__u sejnojpuadiad X @dio4 = L _

‘Apoq e o wnjuawow JO JUBWO «

uiod € anoqe 92104 € jo 32249 Butuint « (1) WNLNIWOW ¥YINONY “L

(2) 30404 40 LNIWOW / INDYOL '8

JR-PHYSICS(TG) % S-Material

\ J
/,K ~ e . 0
(pea) ueipeds N ( Bw = m h TN,
E ﬁ ] N \ ° o \
un s \ | \.
o s I [ we )
- ,x/ \\ \ _/ R \:/;..\\
“a. o n ﬂ ° 9D o ] /\
P _ ? e - N—. 4 Apoq ays
—_=20 —_=m /:‘l\\Q S
op 0 i WO apisui 31| 3ou Aew 1o Aew D o
St Jo eatsiul ‘Apoq ay3 apisui sal| skemje
uanib e uj a13ued *pa1in330 pey uoisojdxa ou Poq 3y3 apisul sal| 189D o ‘6 Jo Juauadapul Si SSew Jo aUI) o
A31p0jan Jenb |dsip 3Yy3 3e 103D9A shipes se yied dijoqesed swes ay3 Buoje ‘6 uo spuadep Anesb jo anua) o ‘pajesjuaduod
jo abueyd jo ajey Jejnbue jo ayey ayy Aq paqudsap ajbuy sanuijuod sjuswbeyy || Jo ssew jo *sypoe Apoq ayy aq o3 pasoddns si Apoq ay3
) Noizva3132ov Il (@) ALioo13An (6) INIWIDVIdSIa a1uad ayy ‘a|i3dafoid papojdxe ue u| e 30 yB1am ay3 yYoIym e juiod o JO SSBW 2413US Y3 YIIYM je JuIod o
dYINONY "9 dVINONY °S 4YINONY SSVIW 40 J41N3J 40 NOILOW ‘€ (93) ALIAVYE9 40 FUINID 2 (WD) SSYIW 40 JYINID ‘L





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


