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2 TAERHEI TR R E . BRI 35 B R @ ST — AR fr
FERFIR R RRA .

TRA] e = BN 55 A EH 2

1.1.

1.2.

1.3.

1.4.

11.5.

1.6.

HAEHHE#E ¢ =3.00x 10°m.s™!
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Pancharatnam #HAZ
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Pancharatnam (1934—1969)#Jf 57id .

S. Pancharatnam
(1934-1969)

ZEmE 1 RISLRAEE . PR AT 6 (Blbeam 1 Flbeam 2 #3Ric)#z /7 I
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1.3, F—AMsrdeft GZesf9#k Ny 1/4 % Jr, quarter wave plate (QWP)) #
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XK R EIEN, € HPancharatnam & 561821, HARA Z H#FKA Pancharatnam #H 1.
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M0 = I, BRI PE RA AT R S AT RE R 98 . EEAL S R A A E S
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| X, =X, |
3 P TN 20
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R LRI A B RERLE, MIBEE ¢ T i, LI Soh A R 0 1 B 5K
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E—MEELE RS (WANLED , 20l 1A R i, s 12226 (0 L &y
¢ =L1i1+Moa1io
A Ly R 1 KHBRRE, Ma ROEKRE. B4R 2 @A R, wEass Bk
L, HH M12=Ma1,
L-R
— MR N o IESZARE, MAHEN R, BIERECN L LB L-R Mm%, H
L34 2 AR
WHLIRL i = lo sin oo, T FELBH_F f FELFE P52 T 1oRsin ot ,  FELJES F ) FLR % /2 lowlLcoswt. BT
BATAT LIS R-L HERE ERHBEE. ol FONESL, HGS X Er. BHUEH, Z£LE L
[ EEL IR A2 o Z sin (wt+6), :H,

>

Z =JR?+X? )

tan ( ] @

AZ It P R AZ VAL FELIAC PR /NI P I o B ) T2, L — Al 30 P 1 b D R A A
AE (rms 5D R—AKHTHFEE, 2R VAR, ST AR R R AT R
HFREN: V=1Z. ik, BATE:

V2 =(IR) +(IX) @)
(ER: MRS IRA B iR R R FERCE ¢,  ATUR FL It AR 2 B8] A ri BELAT LU P
i R A8 5 B SR A HE PR R AN . )

401 5% R R A E A PR BRSO, LR 2L [l ) e R 2T R B £ A o
T ELIEE 1 i B P A AR 5
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| <

2% B R A R BRI
e 280 00 5 ST VA R ) R VAR R LS IR, i R 2 s B
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H7RE (2) 1 (3) AT LAAF3:

V cosé = IR 4)
DA
Vsing = IX (5)
AT IRAGLEIEN R AL 1E, AT DMEH EIAMA IR, BHIE V FIERR | ff iz, H=
FEH = RAE, B oRMX . KRANIEFE DT,

v
TR it VR >
| |
V
Jalat Lt S VL PP 3
|
o M L,
| I_ __________
b e 2 o = a e e 1
K1

WMRAE—NEHLERM— NS RPHS B L, nmE—NHEE Va Gl 1 Bt
R 5 IBAHLE Va AR HL R % Ve, 2018 LR V AT 0K R N
V2=V +V?+2V.V cosd (6)
A (6) HERZEHIFTE BRI &S 2.
PRI, W& = ANFLE Va, VRTAT Y, FERIA A K (4), (B)FH (6), 6, R 1 X SREREBE A €
CURIZC A, RT3 L.
RZ, WHFEA (4) F1 (6) , mlERIN = HEEE, RATTLISH R FFRIANX

RO\VZ-V?
RZ(?){ V2 ‘1} ™

LR B I Z T AR Z :\)’_R' L, XA L Rt

R

X =422 -R? (1A)

WA Bl B
b e TR 2 1 EENB AN = I SRV s Ao S e i

REE, M HAEENIZ LR T,
AL 5 2 G IR B LR h o B AEAENLIREI , fE

DOHFELE R b fERE

B b
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HUBEFREE . P T AEAREON L A, o | Gms {5 B, HoPEEaess T
lleo
2

S ZE IR LR P I, AR 24 Bl P N Y 1Y) FL B 3 emf 28501 42k Bl b
TR . MATRERIBIRT , IX A IE AL o B 55 25 i B AR T i — R AR BT 5
ARHY, BT b BRI IR KL IS H . FEYIRANIR R 26 Pl h TR [ 2 R Bt 4152 THAEAE
FI2 £ Pl S5 28 P | —

P25 24 Pl 5 30 L LA Ree ATEE R Lee 5 MIRZR R “ St ” FIBH Re AT S
HUK Lr Ko FERIZERIE 1 SR (1 HLFE Re BTV AR 2D DR 2055 - IR G ml i rh e
BH Rs YHAEMIZhA . B

IgRR = ISZRS (8)
FAHh, SEEPT Lr IR B] 2% HRPT Ls I 2 -

1 1

ELngzilesz )

W T HIR LR B h A2 AR L o MR, TR IR R 2 Pl P IR (T FLsh 35 emf (KNGS T
oMlp o FR¥EIEIRERBIEE T RE, AT LAS AR IR LR 8l it (rms D o /2 (K15 2
oM, =1Z, (10)
i Zs BRI RIS, 2Rl P BTN JERR RIS, N A Eh % emf st 54T
FIF T B IR 2 e £
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WA 2

SRR -

HL AR

Ma L, Hh— LS
fE 5 A 1

S —
oy 5
_—

o

[
(L
L

52 PR A

HLFELAR

RV

BERE

KA AT B N IR

1. 45 1000 Hz g H 9 10 V (rms AB) HIIE5Z &K A 4

2. ATHAEAERECT TR
3. GRAETHIMEAR AR RIAR T SR LR R B2l b — RIS A S — M L

[}

4. e PG R

5. WRAERWIHAGHR EM BN 2 dkabE, S 10 A okl
{3529 100 BRUGE, 53 —HERI I35y 10 BRUG, 455 & R 4G AL

6. Prs ER TR Ry B BURE AR R™ AT L] L BEARORT S L R AT IR B, 24 5
o Bt £ R BELAR A 7 L BRI, 38T 5 AN AT 300 KA Fi FEL A R FELAR T A

FRHL.

7. BAEEELEK 5 RRLAM SR L LB K — X R ML T HIER).

20125 H 2 H
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Ay 1000 Hz BIESZE KA ds v T2 A A i i e . 8 5 FHER I 20V 22 & 58
TR rms {E

LA TE, TN ERIMYISLE T RT LR HBEEARRLE S Ry EHEE, HE
REH 1o A 1so

K
F—Ea: WELE (BRE) LEMEEE LB & A R [3.44r]

WLRPE 1 RN IE ) FIHEIE ROEFER, HER R IEZE 5 KRNI M. IRFEZEMNE
PHAR FBkiE R BIFEME . TEARFFLRSCIGMIERT, HeT R IEZE S kAR, DMEARRE
. AEBITHES KA. KRGS RESRNHRRERRK (BE/iHE
FRIRRZN 10V)

B RS I BOE T RE R — BRI IR GO T, SSHERE T R
“VIQFI“com™ i IR ZE, 1FRHERBSH LR N T RMEBIE AR TR R AR ZE,
TR B I RS # TT R AR AE, R HOP I B R AT 22
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WRFESH R, VRV BREARBARSE. XM, BHET Z HRORGIREET
AR o

(a) JWHE Va, Ve A1V, BLE AN P m i S Voo $RHHZRRE 1 Gt ) FHFE

RoAHLURK Ly, A S0 B 4 AN 5 2 - (0.941)
(b) MERS &M 2 (BRAHNGE) | B ENIEE R A L. (SN
AN 52 FE < (0.9
(0 KHEHEALRE S, HE LAPR, RHKRE 1 U Lo Ry BUR AR R
AN 52 FE < (0.84)
() JE W SRR, AR LR 2 UK L2 R B R2*, IR SAH 2
i3 (0.84)

ERE: THREZ. =, W&, ARETEAHERE

BES. HBRAEAEY (3]

(f) HJE M AL VR Vo CGE— 4 EME) 3. 2954 BA A O i R0
FRIZE R 1 AZRRE 2 () B T HME . A A 2R 1B ) HER H R Z T 2R &R M = K (Lalo)Y?
YhH . TSRS A K BIE .

(0) HHZME 1 GEBEHE) 1ERVIRARE, 482 (SReaBEHE) ERRSEE. K
AP S HFE L FH R™ = 300 ohm H B, FETE 5 KA Him. BIRBLE S50]
AFEEBH RAHEE. M= Re P I H R DAS 24 L Voo 2028 R FUBEAE, FlER:
N RLEFHT VA, VRS V HI Voo

v, .
(-mmmmmm e e e e 3
] /\ 1
Ny
—— R_’____a:( __________ If/: ________ 3
R’ R L,
AN—-AANM— 0000 +—
e
frmmmmm e >
Vo '
&3
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(h) BA (100 ESHEFNX, TEH—DMELER. gHzgEEmRER. R
AT AR SRIRTS B M, L3R AT FH SR SR A IR R 28 Pl T Xso

() M (@ s, HEH—SRnByEs, JFEERT (h) fREmE.
() 1B, FFE3I M A1 Xs IR1E.
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Theory Question
Page 1 of 3
I.1. Equation of motion for the magnet is
mzZ =mg — kz (1)
For terminal velocity Z2=0
which gives vp =2 = %
I.2. Rewriting Eq. (1)
dv k )
- — — —
i Y m
Given that v(t = 0) = 0; z(t = 0) = 0 which yields
d
o(t) = =1 (1 —e ) = =
z t
/ dz —/ @(1 — e Rmyqt
0 o k
mg m —kt/m
2(t) = =2 [t e =)

I.3. Method - I: Because of the relative speed v between the magnet and the ring, in
the field B = B,k + B,p of the magnet, the induced emf is given by

ci= [@x Byl
e; = vB,2ma
fo  3pa(zo — 2)

h y = 2 2
WHEre A7 [a2 + (20 — 2)252 2)
Method - IT :Magnetic flux (¢) through the ring is

o= [ Baampdp
0
“ i pp 3(z0 — 2)?
=2 — —11d 0.2 mark
”/o dn (Pt (20— 222 |2+ (0 — 22 |7
2
Hopa
= 0.3 k
= BT (P
—d d
Induced emf ¢; — d_f _ _vd_qj
z
3pa’ —
which gives ¢, = —03P@ V(0 —2)

2[a? + (29 — 2)2]5/2
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1.4. B, component will cause a radially outward force on the ring and by symmetry this
yields a null force. 0.4 mark

I.5.

1.6.

I.7.

I.8.

L.9.

1.10.

Only B, will contribute to

df,,. =i(dl x B)

=
)
=
=
oo
o
=]
=+
= .
)

f;m = 2maB, 0.6 mark
where B, is given by Eq. (2).
By Newton’s third law, equal and opposite force will be exerted by t i
magnet. Hence the magnitude of the force on the magnet by the ring is f.,,.
di
(oL in
Potential energy is converted to three parts:
(a) mv?/2 (kinetic energy)
(b) Li*/2 (magnetic energy)
(¢) ?RAt (Joule loss due to the current in time At).
The magnetic field does no work in the process.
e
No v
Resistance of the ring
2
AR = ——C
ocwAz'
Now, the net force on the magnet, due to one ring at 2’ is given by
fem = (2ma)iB,,
where

g Mo 3pa(z —z)

= 0.3 k
© A (a? + (2 — 2)2)5/2 at

and ¢ is the induced current in the ring which is given by
. €; B owe; ’
AR 27a

Then the net force on the magnet due to the entire pipe is given by

i 0.5 mark

F:/ fem:/ B?(2ra)wodz’ 2 0.2 mark
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Since the pipe is very long the limits of integration can be taken as —oo and oo.
Substituting B/, we get

_ (HoN? (g 2 3 [ (2" — 2)?
F= <4—> 18p~a 7Twaz/_oO ((Z/_Z)2+a2)5dzl

7

Let u = (2 — z)/a. Finally,

o (@)2 18p*mow? /°° u? Ju
47 at oo (L4 u?)?

Thus damping parameter

Lo\ 2 18p?mow /°° u?
- (_> d [0.5 mark |
ym Oruwy u mar

at

1.11. Given that,
k= f(:u07pa ROaa)

Dimensions of various parameters involved are

(o) = I MLT™*
p] = 1L?
[Ro] = I ML*T™*
o] = L
(k] == MT*

which gives

e Lt
0
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II.1. Consider a shell of width dr which is at the distance r from the centre of the star.
Let p be the density of star. Gravitational Potential energy of shell is

47rip/3) (4mrid
dE, = —G( mrep/3)(4mrdrp)
r
f 3GM?
Eo= [ dms= -3
0
It is negative, i.e. gravitational force is radially inward.
I1.2. Total energy of the star £ = Eg + E..
At equilibrium, at R = R4
dE
e
dEq  dE.
dR ~  dR
3GM* R 3\ 2ND?
5 R, 10m42/3 (%) R
R 3\ 2N
Rt = S o 278 (;) YR
I1.3. Since all the hydrogen is ionized, the number of protons (N,) = N.. Also m, > m..
Hence
M
Ne =N, ~ — 0.5 mark
myp
h?m3 3\"? 2
Ryg= ———— (2 S
4 6Gm.A23 (7?) M3,
Ryaq = 2.28 x 10" km 1.0 mark

I1.4. If 74, is average separation between electrons then

4 4
N x gﬂrgep ~ gﬂRid 0.2 mark
R3 m
= Ned ~ Ridﬁp 0.2 mark
Toep = 2.13 x 107 m 0.6 mark

IL.5. For a particle confined in a box of length r,,, its de Broglie wavelength Az for the
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ground state can be written as

)\dB = 2Tsep 0.2 mark
and momentum p = — 0.3 mark
AiB
h
VRS 0.2 mark
2MeTgep
= 1.08 x 10® m.s ! 0.3 mark

Correction: If one takes relativistic momentum

)\dB = 2rsep 0.2 mark
h h MU
p— p— p— c 0-3 mark
P )\dB 2Tsep \/ 1-— 1}2/02
h
V= — 0.2 mark
hQ
\/4m§r2 +—
c
=1.06 x 10°m.s! 0.3 mark

I1.6. Similar to part I1.2, at equilibrium

d;;; = _dféd 0.3 mark
For critical mass
M. = % (%0)3/2 0.8 mark
P

Alternatively: Since the total energy

3 72 [/3\%? 1
rel _ e 2 A B 4/3 | —
Ec+ E! < SGM?+ s <W> heN[* |

must be minimized for equilibrium, one can argue that if coefficient of 1/R is positive
then star would collapse otherwise it would expand.

11.7. For M > M,

Expand 0.5 mark

Contract v

IT.8.

M, =1.36 x 10* kg 1.0 mark
= 6.8 Mg 0.5 mark
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IT1.1. [1.0 mark] Let the phase difference between two rays making an angle 6 with z
direction be 9. Clearly

d = wAt = wdsinf/c (1)
Then the intensity is given by

I1(6) = B|E + Esf*
Here

|Ei + Eo)* = |Eycos(wt) + Egcos(wt + 0)|?
= |Eycos(wt) (1 + cosd) — Eysin(wt) sin 6]
= E§ [cos” (wt) (14 2cosd + cos®0) + sin® (wt) sin® §
—2 cos(wt) (1 + cosd) sin(wt) sin J]

Since cos? wt = sin?wt = 1/2 and sin(wt) cos(wt) = 0, we get the intesity to be
I(0) = BEZ (1 + cosd)
where ¢ is given by Eq. (1).
(a) Alternate:

B+ Eo|* = |Eycos(wt) + Eycos(wt + 6)[?
= |Eycos(wt) (1 + cos ) + Eysin(wt) sin 4|
= |EyAcos(wt — ¢)|?

where

A? = (14 cosd)’ +sin®6
= 2(1+cosd)

Since cos?(wt — ¢) = 1/2, we have

1) = §E§A2 = BE] (1 + cosd)

where 0 is given by Eq. (1).

IT11.2. [1.0 marks] The beam 1 has travelled extra optical path = (4 — 1) w. Thus the
net phase difference between two beams when they emerge at the angle 6 is

(5:%(dsin9— (b —1)w)

and 1(0) = BEZ (1 + cos?).
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II1.3. [2.0 marks] The two beams have travelled exactly same paths upto the slits. Thus
when they emerge at an angle 6, they have a net phase difference of 6 = wdsinf/c.
Then, notice

2
B + E,f° =

i {ﬂ cos(wt) + Ey cos(wt + 5)1 +j {ﬂ sin(wt)}

V2 V2

1
Eq cos(wt) (E + cos 5) + Eysin(wt) sin d

1
= £} [cos2 (wt) (5 +V2cos 6 + cos? (5) + sin? (wt) sin”® §

2
E2
+ 70 sin® (wt)

2
+2 cos(wt) (% + cos 5> sin(wt) sin 5] + % sin? (wt)

Thus, after taking time averages, the intesity will be
[ 1 1 1 E2
I(G) = BE(% 5 <§ + \/§COS(5+COSQ§) + §sin2(51 +BIO

= BE; _1 + %cosé}

[ 1 wd sin 0
:5E§-1+ECOS( . )}

The maximum value of the intensity is 3E? [1 - \%} .

The minimum value of the intensity is S3E3 [1 — \/Ai]

II1.4. [2.0 marks] The electric field at z = b is given by

Ei(z=0) = (% (cos (wt — kb)i-1i' + sin (wt — kb) j - i’)) i

[Eq cosy cos (wt — kb) + Eqsin~ysin (wt — kb)| 1’

H<||H
[\

= — [Eycos (wt — kb— )]

>

and at z = ¢

E
Ei(z=c¢) = —=(cos(wt—ke—~)i-i)i

V2

1
= —cosyEycos(wt —ke—)i

V2

Where as
E; (2 =¢) = Eycos (wt — ke) i

So, the net phase difference between beam 1 and beam 2 is now

Phase difference a = ~.

II1.5. [0.5 marks]
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(a) At equator e = 0. Then

E = Eg, =1i'Ecos (wt).

(b) Clearly the beam is linearly polarised along i'.

II1.6. [0.5 marks]

(a) At north pole e = /4 and 7 can be taken to be 0. Then i’ =1iand j’ = j. The

electric field
Ey

V2

E
Exp = i—2 cos (wt) 4 j—= sin (wt) ,

V2

(b) Which represents circular polarisation.

1

N\

Equator

II1.7. [1.5 marks]
Z
A

I11.8. [1.5 mark] From figure it is clear that the area of the spherical triangle A;A;Aj is
21 X (;—Z) = 27 and the phase difference was . Thus the phase difference is half
the area of the spherical triangle A; As A3 on Poincare sphere.

Thus S = 2a.

Here, the beam 1 passes through various states of polarization and returns to its
original state. Though there has been no additional path difference, the beam has
picked up a phase v with respect to the beam 2. This is called as Pancharatnam

phase.



13" Asian Physics Olympiad

May 01-07, 2012 Grading Scheme
Theory Question-IIT
Page 1 of 2
QN | Solution Marks
Step 1: Superposition
1.1
5 — wAt:wdSine 0.4
c
E, +Eo)° = E? [cos® (wt) (14 2cosd + cos®§) + sin® (wt) sin® § 0.9
—2cos(wt) (1 + cos d) sin(wt) sin ¢ .
Step 2: Time averaging: cos?wt = sin®wt = 1/2 and 0.3
sin(wt) cos(wt) = 0,
Step 3: Intensity 0.1
1(0) = B|E; + Eo|* = BE2 (1 + cos d)
119 The beam 1 has travelled extra optical path = (u — 1) w. 0.4
" | Thus the net phase difference between two beams when they emerge at | 0.2
the angle 0,
§="2 (dsin® — (p— 1) w)
c
and I(0) = BEZ (1 + cos?). 0.4
The two beams have travelled exactly same paths upto the slits. Thus | 0.70 for
when they emerge at an angle 0, they have a net phase difference of X com-
II1.3 . .
0 = wdsin@/c. Then, notice ponent
) and 0.3
. | Eo | Eo . for y
E,+E|* = |i|—= t)+ E t+6 — t
|E; + E,f i [ﬁcos(w ) + Ejg cos(wt + )} +j L/Esm(w )} compo-
nent
0.3
2 2 2 1 2 . 9 . 9
|Ey + Eo|° = Ej [cos (wt) (5 + V2 cos d + cos 5) + sin® (wt) sin® §
+2 (t)<1 + 5)‘(t)‘5]+Eg % (wt)
cos(wt) [ —= 4 cosd | sin(wt) sin — cos” (w
V2 2
Thus, after taking time averages, the intesity will be 0.3

I1(0) = BE; |:1+%COS (wdsjn@)]




13" Asian Physics Olympiad
May 01-07, 2012

Grading Scheme
Theory Question-IIT

n

n

Page 2 of 2
QN | Solution Marks
The minimum value of the intensity is SEj {1 - \%J Maximum value | 0.2+0.2
: 2 1
is BE; [1 + 75}
The electric field at z = b is given b magnitudg
1114 0.8,
Ei(z=b) = —|[Eycos(wt—kb—~)]1 direction
V2 0.2
The electric field at z = b is given by magnitudg
) 0.3,
Ei(z=¢) = ——=cosvyEycos(wt—ke—7)i direction
V2 0.2
Phase difference a = . 0.5
I1I.5 | At equator e = 0. Then E: 02
Linear
E = EEq = I/EO COS (Wt) . Polariza-
tion:
Clearly the beam is linearly polarised along i’. 0.3
ITI1.6 | At north pole e = w/4 and v can be taken to be 0. Then i’ =i and E: 02
J = j. The electric field Circular
B 7 Polariza-
E = i— cos(wt) + j—= sin (wt) tion:
V2 V2 0.3
or
. Eo .Eo .
= 1—=cos (wt + ) + J—=sin (wt +
7 (Wt +7) +J NG (wt +7)
which represents circular polarisation.
ITI.7 | Figure Alon x
axis 0.3,
A2 on
the
north
pole 0.5,
) A3 on
I equator
Equator 0.4,
angle of
2v 0.3
IT1.8 | From figure it is clear that the area of the spherical triangle A;A;A3 is | 0.7
21 X (2—1) =2y
Thus the phase difference « is half the area S of the spherical triangle | 0.8

A1 A5 A3 on Poincare sphere i.e. S = 2a.
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Model Solution

We will assume the relationship of the form:
P =1(W) h(6)

Mp = f(Mw) h(6)
M,y represents the mass in the hanger (Load)

M, represents the mass in the pan + the mass of the pan (i.e. M| +M ) (Effort)
The relation between these variables can be found in two parts:
®  Relation between Mp and My
®  Relation between Mp and &
Part1:
Mass of the pan =28.6 g
6 = Tt radians
! ’ ! r M 'Jr - M ’7
ObS M /g M p— M p+ M p(average) M p(average — M p(average) +M pan AM p = %
No. | "™ /g | /g lg /9 Iy
1 |800.0| 566 | 574 570 598.6 4
2 |700.0| 486 | 494 490 518.6 4
3 |600.0| 417 | 423 420 448.6 3
4 1500.0| 337 | 343 340 368.6 3
5 [400.0| 267 | 273 270 298.6 3
6 |300.0| 188 | 192 190 218.6 2
7 1200.0| 113 | 117 115 143.6 2
8 [100.0| 41 | 43 42 70.6 1

Page 1 of 7
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Graph of Mp vis My

| stupentcopE P T
Mp vls Mw o of

Slope of the graph = 0.7583
This shows that

PocW )

Page 2 of 7
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A

EXPERIMENT NO. -1

Part 1:
M, =800.0g
Mpan =28.6¢
Obs. 0 | Mo | Mo | Mgy | Mpaeragd = M piaveragd + Mpan | AM M. 5 My
No. | /rad | /g | /g I /9 Ig
1 T 565 | 575 570 598.6 5
2 37/2 | 455 | 465 460 488.6 5
3 27 | 396 | 404 400 428.6 4
4 57/2 | 316 | 324 320 348.6 4
5 3r 276 | 284 280 308.6 4
6 Tr/2 | 236 | 244 240 268.6 4
7 A 182 | 188 185 213.6 3
8 97/2 | 147 | 153 150 178.6 3
9 57 133 | 137 135 163.6 2
10 | 11z/2 | 104 | 110 107 135.6 3
11 67 88 | 92 90 118.6 2
12 | 13z/2 | 68 | 72 70 98.6 2
13 i 54 | 56 55 83.6 1
14 | 15z/2 | 39 | 41 40 68.6 1
15 8rx 29 | 31 30 58.6 1
16 |17z/2 | 18 | 20 19 47.6 1

The graph between M | and 0 shows a curve.

!:ﬁ:i : -
-
!

Page 3 of 7
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There can be possibilities of different functional relationship.

1)

The possible functions can be % 7 e

For the first two functions mentioned above, at 6 = 0, M, will reach infinite value which is

not possible. For the third function we know that M, will have some finite value.
2)

If the function is anticipated as exponential one then it can be verified using half value
technique whether at every half value of Mp, and then plotting In M, or better still

M .
In( %WJ against 6.

If it is a straight line with slope —k,
M_ oce™
or
Poce™
From (1) and (2),
P oc We ™’

The constant k in the above expression is equated to the coefficient of friction, p.

P=Cwe "’

The constant of proportionality in equation (4) is 1. This is because at =0 rad, P = W.

P=wWe*’

@)

3)

(4)

()

Page 4 of 7
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EXPERIMENT NO. -1

From the graph,

where | is the slope of the graph.

From the graph, p = 0.106

(sl - Sz)
%S ZTA —0.10049

AS =0.01067 = Au
Uc(x2)=0.00616

U(u)=0.0123~0.02

4 =0.11+0.02

Page 5 of 7
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ul_l EXPERIMENT NO. -1

Part 2:

When the pan is moving up:

M, =M,e™’ (6)
When the pan is moving down:
M,, =M,e"’ (7)
M M’ AM' M, =M" +M
M ,1 M ,1 pl(average) pl pl — pl + pan
pl+ pl-
164 156 160 4 188.6
Mo, M’ AM'’ M. =M'"+M
M’ , M’ , p2(average) p2 p2 — p2 + pan
pZ+ pZ—
49 45 47 2 75.6

For My:

Multiplying equation (6) and (7),
M, =M, -M,
M, =+/188.6x 75.6 =119.4075¢9

For u:

Dividing equation (6) by (7),

For 0=«

Page 6 of 7
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ul__l EXPERIMENT NO. -1

Uncertainty in My:

2 2
AM AM ? ?
AM, _ 2886 ) 188 | L 4 YL 2 ) g0160
M, 2 M, 2 My, 2188.6) \275.6

AM, =0.0169x119.4075=2.018

uc(lvlu)=ix2.018=1.165

NE

UM, )=2xu.(M,)=2x1.165=2.33~3

M, =119+3g

Uncertainty in p:
1 1 am Y (am,Y 1 4 V(2%

Ue (1, )=—=-Apt, = L P L \/[ j +[ j —~0.003117
3 223\ M, M, 274/3\1188.6 75.6

U (g, )=2xUc (g, )=2x0.003117 = 0.00623 ~ 0.007

4, =0.146 £ 0.007

Page 7 of 7
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EXPERIMENT 2

Model Solution

Part 1(a):
Coil Blue AIR _
(1-1) CORE f =1.000 KHz
R' Va Vg V Vo I Z1 R1 X1 oM M (mH) Ll(mH)
10.090 | 6.760 6.770 4.940
450
10.060 | 6.700 6.740 4.910
Avg 450 | 10.075 | 6.730 6.755 4925 | 0.015 | 451.67 52.57 448.60 | 329.31 | 52.44 71.43
AVa AVR' AV
0.14 0.11 0.11
us(z) us( R) ur(2) ur(R) | uc(R) | uc(2) uc(X) uc(L) U(R) U(X) U(L)
0.0057 1.1432 | 0.2747 | 0.4235 | 1.2191 | 0.2748 | 0.3114 | 0.000050 3.00 0.7 0.0002

Page 10f 14
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Part 1b:
Coil
Green CA(SIFF;E f=1.000 KHz
(2-2)
R' Va Vg V Vo I Z, R» Xs oM M (mH) Lz(mH)
9.960 6.690 6.610 | 6.390
350
9.980 6.630 6.680 | 6.410
Avg 350 9.970 6.660 6.645 | 6.400 0.019 349.21 42.96 | 346.56 | 336.34 | 53.56 55.18
AVa AVR' AV
0.14 0.11 0.11
us(z) us( R) ur(2) ur(R) | uc(R) | uc(2) uc(X) uc(L) U(R) U(X) U(L)

0.0027 0.9057 | 0.2153 | 0.3335 | 0.9651 | 0.2153 | 0.2478 | 0.000039 2.00 0.5 0.0001

Page 2 of 14
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E

Part 1(c)
Coil Blue (1-1) Al f = 1,000 KHz
CORE '
*
R' Va Vg V Vo 1*; Z*1 R*, X*; oM (nl\qu) L*l(mH)
9.900 5.940 6.010 4.450
290
9.880 5.890 6.050 4.410
Avg 290 9.890 5.915 6.030 4.430 0.020 295.64 | 109.68 | 274.54 | 217.19 | 34.58 43.72
AVa AVR' AV
0.14 0.10 0.10
us(z) us( R) ur(2) ur(R) | uc(R) | uc(2) uc(X) uc(L) U(R) U(X) U(L)
0.0220 1.2498 | 0.2030 | 0.3740 | 1.3046 | 0.2042 | 0.5657 | 0.000090 3.00 1.2 0.0002

Page 3 of 14
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Part 1(d):
Coil Al
Green f=1.000 KHz
(2-2) CORE
R' Va Vg Vv Vo I*, Z*, R*, X*, oM | M*(mH) | L*2(mH)
9.860 6.280 6.170 | 4.840
280
9.830 6.230 6.130 | 4.860
Avg 280 9.845 6.255 6.150 | 4.850 0.022 27530 | 71.48 | 265.86 | 217.11 | 34.57 42.33
AVa AVR' AV
0.14 0.10 0.10
us(z) us(R) | ur(2) ur(R) |uc(R) |uc(2) uc(X) uc(L) U(R) U(X) U(L)

0.0173537 | 0.9509 | 0.1821 | 0.3106 | 1.000 | 0.1829 | 0.329 0.000052 3.00 0.7 0.0002

Part 2(f):

oM = R’V—O
Vv

R

Page 4 of 14
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k= M
I‘1"2
Mayg (Air) = | 53.00 mH 0.844
M’ avg (Al core) = | 34.58 mH 0.804
Part 2(g):
f=1.000
AIR Core KHz
R'=300Q
Sr. RL Va Vg V VR |p Zp Rpe XpE Is
1 100 10.19 5.99 4.97 1.73
10.15 6.03 4.94 1.72
Avg 100 10.17 6.01 4.96 1.73 0.0200 | 247.34 | 177.56 | 172.19 0.017
2 200 10.12 5.39 5.67 2.77
10.09 5.44 5.70 2.79
Avg 200 10.11 5.42 5.69 2.78 0.0181 | 314.96 | 207.03 | 237.36 0.014
3 300 10.13 5.17 6.17 3.44
10.15 5.11 6.19 3.43
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Avg 300 10.14 5.14 6.18 3.44 0.0171 | 360.70 | 216.93 | 288.18 0.011
400 10.11 5.00 6.51 3.88
10.14 5.05 6.53 3.87

Avg 400 10.13 5.03 6.52 3.88 0.0168 | 389.25 | 206.46 | 329.99 0.010
500 10.15 4.93 6.74 4.20
10.12 4.99 6.77 4.17

Avg 500 10.14 4.96 6.76 4.19 0.0165 | 408.57 | 198.08 | 357.34 0.008
600 10.10 4.98 6.91 4.42
10.13 491 6.93 4.40

Avg 600 10.12 4.95 6.92 441 0.0165 | 419.82 | 183.87 | 377.41 0.007
700 10.14 4.97 7.05 4.58
10.11 491 7.07 4.60

Avg 700 10.13 4.94 7.06 4.59 0.0165 | 428.74 | 173.76 | 391.96 0.007
800 10.09 491 7.17 4.74
10.12 4.98 7.15 4.72

Avg 800 10.11 4.95 7.16 4.73 0.0165 | 434.38 | 161.90 | 403.08 0.006
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Part 2(h)

e w2 -x:

S

Slope M
1.07E+05 52.08 mH
Intercept X2
1.23E+05 350.94 Q
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Experimental Competition E EXPERIMENT 2

(Ip/1s)? | (Rs+R.)?
1.35 | 20438.25

Part 2(i)

1.69 59030.73

2.24 117623.21

2.99 196215.69

3.90 294808.17

5.03 413400.65

6.31 551993.13

7.77 710585.61

Page 8 of 14



Experimental Competition

m EXPERIMENT 2

Part 2(j):

Part 3(k) and 3(l):

i

s

P

JZ(RS +R,)

(Rs+RL)*2/ohmA2

8.50

x 100000

6.50

5.50

4.50

3.50

2.50

1.50

0.50

7.50 -

y =107098x - 123157

RZ=1

-1.60.50

-1.50

5.00 7.00 9.00

(Ip/1s)2
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Sr. Rr Xr

1 106.00 256.95
2 144.08 205.52
3 153.17 154.78
4 148.17 115.92
5 139.16 88.82
6 127.84 68.91
7 117.81 54.95
8 108.46 44.59
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Experimental Competition m EXPERIMENT 2

Part 3(m)

450.00™ y = -1.0691x + 452.05
R? = 0.9987

300.00 -

250.00 -

200.00 -

150.00 -

100.00 -

-50.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00

Inference:

XP_XR =XPE
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Part 3(n):

Sr. RL Va Vg \Y} Vo Ip Is (Ip/1s)* | Rg
1 280 10.06 511 | 6.05 3.29
10.03 516 | 6.03 3.30
280 10.05 514 | 6.04 3.30 0.0171 | 0.01 2.12 | 152.65
2 320 10.02 509 | 6.19 3.51
10.05 503 | 6.21 3.50
320 10.04 5.06 | 6.20 3.51 0.0169 | 0.01 2.37 | 153.07
R RR
100 106.00
200 144.08
280 152.65
300 153.17
320 153.07
400 148.17
500 139.16
600 127.84
700 117.81
800 108.45771
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EXPERIMENT 2

Part 4(0):

160.00
155.00
150.00 /\
145.00 / \
140.00 \\
£ 135.00
130.00 / \
125.00 /
120.00 / \
s0 || AY
110.00 . . . . . .
50 150 250 350 450 550 650
RL
Ry =R —R,
Xp=Xp=X"
X core ﬁ
Rcore RR
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Experimental Competition ﬂ EXPERIMENT 2

L 1 (X,—Xx")
Ree 27 (R -R;)

core

Blue Caoil Green Coil
Lc/Rc Lc/Rc
4.85E-04 4 50E-04

Part 4(p)

AP = |§(RPE _RP)_IS(RS +RL)

RL Va Vr \Y Vo 1 I, Ree
1000 | 9.00 5.32 5.08 | 3.45
9.01 5.27 5.10 | 3.43
Avg 1000 | 9.01 5.30 5.09 | 3.44 | 0.0177 | 0.003 | 145.23
AP=| 165E-02W
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