PHYSOL EXAMINATION SERIES

CHAPTER 7- SYSTEMS OF PARTICLES AND ROTATIONAL MOTION

SUNDAY 25-07-2021 @ 7.00pm

PESO06 TIME: 1 HOUR
MAXIMUM SCORE:30
ANSWER KEY
1 R 1
V2
2 [ML*T?] 1
True 1
4 Moment of inertia 1
5 linear motion: All particles in the system have same velocity. 1
Rotational motion : All particles in the system have same angular velocity 1
6 Wehave L, =MR?
By Perpendicular axes theorem
I4+ Is= MR? 2 = 2
214 = MR? '
2
I,= MR
2
This is the Moment of inertia of a thin circular ring of radius ‘R’ x
and mass ‘M’ about an axis passing through diameter.
7  From the diagram 2
AO= ﬁ time £> 0
r
Ar=rA@ distance s
Dividing by At, we get
£: r M time =0
At At
There fore,
V=ro
This is the relation between linear velocity and Angular velocity
The vector notation of the above equation is given by
V=mXT
The particle has a velocity ‘v’ in the plane with its radius vector ‘r’, then the angular
velocity ‘e’ is in a direction perpendicular to the plane.
8 Theorem of parallel axes states that “The moment of inertia of = s 2
a body about any axis is equal to the sum of the moment of
inertia of the body about a parallel axis passing through its 1=
centre of mass and the product of its mass and the square of the §/01 2 .ﬁ
distance between the two parallel axes™. A
|
I, =1,+Ma’
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Given, ® =0 o =10rad/s t=2s I1=0.4kgm?’

W, — W, 10-0
L =04 x 5

Wehavet=1a =1x =2 Nm

10

(a) Angular speed decreases.

(b) Conservation of Angular momentum.

If the total external torque on a system of particles is zero, then the total angular
momentum of the system is conserved.

11

a) Torque
b) Moment of inertia
) 90°
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(a) Expression for Kinetic Energy in terms of Moment of inertia

2

We have KE:%mv Butv=rw

K]E:%m(ra))2

KE=%(mr2)w2 But I=mr?

Therefore KEZ%I W’

(b) Translational Kinetic energy, KEIZ% mv’

Rotational kinetic energy, KE.= % I

For aring I=MR’ , a):%

Therefore = KE,= 1 MR*( 1)
2 R

That is both the translational and rotational kinetic energy have the same value.

MA
ZEMVZZKEt
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a) ML2T™.
b) According to law of conservation of Angular momentum Iw = a constant.

I= MR?
When polar ice is in solid form r is small so I is small, then w will be large. When ice melts r
increases so I will increase and hence w will decrease. So when polar ice melts rotation of
earth become slow, so duration of a day will increase.

14

(Q)We have [=FxP
dl _d(¥xP)
de

Therefore ——
dt
di_. db dF 3
dt dt dt
%Z?xﬁﬂl'x(mv)
Therefore %:% (Because FxEF=t and Vxv=0 )

Thus Torque is equal to the rate of change of angular momentum.
(b) Law of conservation of Angular momentum:
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If the total external torque on a system of particles is zero, then the total angular
momentum of the system is conserved.
(c) Planetary motion.

15 a) Angular momentum.
b) We know that when external torque is zero, Angular momentum remains constant.
Iw = a constant.
When planets are at near region of sun their r will be small. So I will be small. (I=MR?). So
their o will be large. When planets are at far regions, r is large, so I is large, then  will be
small. So planets are slow at far regions.
16 (a) Theorem of perpendicular axes:
Theorem of Perpendicular axes states that “The moment of inertia of a planar body (lamina)
about an axis perpendicular to its plane is equal to the sum of its moments of inertia about
two perpendicular axes concurrent with perpendicular axis and lying in the plane of the
bOdy.” \z
Here IZ: IX +IY
Where 1--> Moment of Inertia about Z-axis.
Ix --> Moment of Inertia about X-axis. ° x
Iy --> Moment of Inertia about Y-axis. .
Note: This theorem is used to find moment of inertia of some regular shaped bodies which
are planar. This means theorem applies to flat bodies whose thickness is very small
compared to their other dimensions
(b) Moment of inertia of a thin circular disc of radius ‘R’ and mass ‘M’ about an axis
passing through diameter:
2
We have I ise= % AZ
By Perpendicular axes theorm
MR’ \
[+1,="
L) >
MR’ i :
21,= >
5 Y,
MR
I,=
4
This is the Moment of inertia of a thin circular disc of radius ‘R’ and mass ‘M’ about an
axis passing through diameter.
17 (a)The moment of interia about a given axis resists a change in its rotational motion. Thus it

can be regarded as a measure of rotational inertia of the body.

(b) (i)The mass of the body, (ii) Its shape and size;
LZ

(c) We have KE=—
21

Here L, the angular momentum is a constant.

Therefore KE a%
GivenI o > I s Therefore KEg > KE4
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18

(a) Law of conservation of angular momentum. 1
(b) To distinguish between a hard boiled egg and a raw egg, we spin each on a table top. The
egg which spins at a slower rate shall be a raw egg. This is because in a raw egg, liquid 2
matter inside tries to get away from the axis of rotation. Therefore, its moment of inertia I
increases and hence angular speed decreases. Whereas the hard boiled egg continues to spin.
2
(¢) Kinetic Energy K.E = %I o = %MZR o’
2 2
MR F = 20x0.25 %1002
4 4
=3.1x10%J

Angular momentum L =Iw
_ MR’
= 0
2
_20x0.25°
2

L

Therefore L 100=62.5Js

PHYSOL-The solution for learning Physics
Prepared by Higher Secondary Physics Teachers Association Malappuram




PHYSOL EXAMINATION SERIES
@PWIIWo 7 - &HEMld0014a00j0 (BREMaleiMnjo

25-07-2021 sem»o®@ 7.00 pm
PESO6 M VAo : 1 memesad

ale@InIW eaYId : 30

DAY il
1 R 1
V2
2 [ML?T?] 1
3 w0l 1
4 0009003 B0’ MEMGBaH) (RAWD1°J36Mo) 1

5 Goalflw aleiMo @ HOMNOo 2lLINODIG3 méooamﬂs)el Bl HeMldhdh8o 360 1
@JGAUIVOMI@3 MLEMIBTHEBD.
@m6Mm alelMo : O_Iéo_O(GTOﬂ@el af)Bld HEMIdHHBo BGO GHEMIV (@JeAUNO®IGS 1
MVEUA]HBA.

6 | =MR® @areeman’ masnclwio. )

ring

N

LloeNI @RGHH MV1RLINT) ()00 b o

| +1 =MR? \'/\
X y e

anailes X, Y @oaussnud gmm@@«mﬂ@a@ Q6NE C: t

QILOVEORIGHU3 MHAMNWIEM.
@M@ |+ I, = 2I, = MR? -

_ MR’
2

I

7 &0 G omgoﬂ@el P agpam &»emld z  @GodHo 24 )
@RYWIVRIAH] al0l@memo @gj@gcgmjoaa At
MVOOMILIBS BHIIMIW MUNIMITDo AD @RWIGI,

_ A6
B6MIW (@JBAIWo, w—A—t

alay P @3 of)@memioud
PP’ = Ar = rA0 @rya:mo.
Ar__AQ

=r
At At
@RLOAID V =T 1) af)d»ANE®Io0.

@R6BR1HM WS 13

MRV (@B IODHLIEDEMIIUT,

V=@XT

PHYSOL-The solution for learning Physics
Prepared by Higher Secondary Physics Teachers Association Malappuram




8 VMM BRG&:H MV1RLIAO )
633 BRHUONLJHSWSS mcrgoﬂaag z 5
2L 10°e)JdeMo (L) a)an@,; allemLEH @3 Om1ejes L
HSAMCAlIG:AN AVAXADOGRGHO  @IRYUWINNIVBR ﬁ a ‘h
LA 0°LJ36m oo adQo(l,), alayoilead &: :
20O Qe(M) @anE"  EROUEBBUD 18|88 i : T
=1, + Ma
@HLIoMOR () AUGHEOMQo  YEMManLInj —
M EI88 DHWIVID]H630.
L, =1 +Ma?
9 eales wi=0 o =10rad/s t=2s 1=0.4kgm? 3
T=1a eresman’ maenclwio.
W, — W, 10—-0
1=Ix—1— =04x—— =2Nm
t 2
10 (a) @MW GAV® BO0QAT.
(b) G5:06M1W @YHH MVoOBHIMM TN 2
"NI0a0yESIBHY” (MNILIBYEJBeMo) @RRAINAISMNIALIE 103 @1y mcrgaﬂac@
GHIMTVERYBNo B MUOIEMVoaIY BR)YWIRIHE.”.
11 a) 6S0AH9 (MILIGYLJ36Mo) 1
b) ©200203" 63000’ MEMABaHY (R 12°£JB6Mo) 1
c) 90° 1
12 1 1 ) 1
a) WO1EHIBR0 K = v = Em(r w) (Vv =ro @ro®Imoas )
@RLOAID K= %mr2 af:%[wz
b) emadcalo WdeHodR0 K, = %Mv2 R
alOl@2em VEHod20 K_ = %Im2
mafleos Ag8VOmIHd ©200nnd” 830al” MEMABaHY | = MR? agmo ® = % af)Mdo
2
afleidud od30gomoms, K = %MRZ(é) = %Mv2 = K,
13 a) ML*T™. 1
b) I = MR* @eanam’ maancl®ie. Haf)v @1 (BAWICORID (@JCBUCOMH 13

B9H6MI0U R AIBWISsBM. @REa[0UWd 006003 Ba0” MEMABaH) QAIBW]HBMD.
o = 8@ qudlomoaly ERHOIMIG HRIOAAY BIal MEMGBaHY AIAW]HBEMIOUD

M IW(JEAWo BH0QMD. @REEIOM FlaINEM1NA HOHBABLIjo &FaM.

PHYSOL-The solution for learning Physics
Prepared by Higher Secondary Physics Teachers Association Malappuram




14

(@) I =r x p GRYLHEMAN” MABHO1WIo.
D MVANNG OO @RAIGRIM. (differentiation) 6210 @om3,

ﬂ:d(rXp)
dt dt
dr dp
= —Xp+rx=+£ = +
it ptr dt v Xmy rxXF
= m(vxv)+T (@oﬂos (vxv) =0)
@RLOAID ﬂ:r
dt
BR@IV®  EHIHMIW  BRYSHAUDLONVODTHAG  MVAVMIAHHIEM” ESIBHS”
(enurI@R) 28 jB6emMo).

(b) @»06MIW @BRYHS MVOOGHIMMTWNo

"NI0a0SGSIBLE”  (MILIGRYEJB6Mo)  ofRiM0WIGlesEMI0ud @Ry  alayallead
GHIMIVWARY BN B@ MLAIEMVoRIY BRYWIBHE30”.
(C©) ¥WaO aleiMo

15 ) @MW @RYHHo
b) "MI0a0yEsSIBHY” (MILIBRYEJGeMo)  @RMERAINAISIMIELIE 108 @R omgaﬂm@
GHIMTVERYBNo B MLOIEMVoaIY BR)YWITTHE”
v = 8@ audleavosaly
@a06BBW8 Yo e VAT IOMIVWICISBEMIIWE  @RAIYOS @Yo  (R)
&H0QNW101H80.  @REEREOM 0000008 320" MEMABaHy ( =MR?) &HO0QHWo
B»H26M1W (JBAIW() &SHWQo 9.21Q)o.
©Wa06BBU3 030 @JesumBS1t ARYWIBIABREMINME PRIOANT BIal’ MEMABaH)
SSDH Qo BHITMTW(JBAIW(M) HOWVHWQo 9.21Qo. @R@IMNIA Q30 (@Je3U6ERs1m3
Wa06BRU3 DML 1W1LIWIG1Es830
16 Q) LlotMI BRGH AVIRLIAMO O

8@ al0D  JOenss aayolead  eloml
BRHAHHUOMIM” @RYUWICAIW RALMI°ejdemo ( |, ), @Ry 7’/
(o]

J®eIon163 @& a QMY LIoMINIW : - \3

@RAHBBUIBE BRYWIVRIW RALMIIEJBEMEBBSBOS ( : '/

Ly ) @@ @e1§0001@1080. 2=l +ly

L=1L+1

b) enafles o) M7 ERBEUEBBUY DH1S1O 6N ’

QILOMVEOEIBHUD @OHINWIVWB MO a1l

@000 | =1 ERVICles..

@R@OZHINS | = 2] agan’ oeﬂgo. - 7
2 /

ag)mo@d  [,= M2R

PHYSOL-The solution for learning Physics
Prepared by Higher Secondary Physics Teachers Association Malappuram




. I, MR’

EROIV® [ =—=
2 4

QYOODHISIOMW  aBO®ESILJo  QAILOAVHOD  BRYWIVAIIN WSS HAIOAAF  B0al

2

MR
DEMBaHY 2

@R Wlolaso.

17

(@) ©MITIEBD  BERAHHUOOD  BRYAVBAISH]IYSB  GRIOAAFO" Boal MEMABaHY, 2
@P®IOM B26M 2ILINODTOL! DIQOOD  (JD]GEIWIBBMMN. GR@IMIT M®1OM
(BREMZRW®IOM]HAF BRSOV HMBNIBHIO. 1
b) i omgoﬂem@ 20V ii. GR®1O03 @Balaje alefla]ajo

2

(c) KE:2L—I @RYSEMAN” MABHO1WIo. 2

ailes L, ¢50emM1oEdne 8@ aubdloduoaly Gy 1cldso.

@®IMOI03 KE a%

L, > 1, opan” @amlelesm@lmoad KE, > KE, arloleso.

18

(2) @H26MIY @RYHH TVoOGHHIMMIWAO 1

(b) mafes &0emm GAUNMVIGT HOBFMD®” o JLEBRICM AFWIVIRGR0. M®Ha]
9831e|88 BIAUNGBolOMILI88 (Al  (B2EM BRAUOMIGMIAWo  BRHAAI

@RWI1ClEHIM  EYAISBIN. G@REaJOU ORIOANT  630al” memBany(l) @so00
BHIEMIW  GAND  HOWQHQo §.21Qa0. af)MIM@ o JEBRlY QSWOS DUBIRIWO
BNV TMIT @SB .2]WIWT KH06B31OBNIMEB]Hs30.

2
(c) woNeHHI3220 K = %I o = %MZR o’
2 2
M4R S o= 20><2.25 < 100? 2
=3.1x10%J
GH»2eMIVaEROno L =Iw

_ MR’
= w
2

L

2
@OIMNI®3 L= %x 100=62.5Js
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