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Theoretical Problem 1

RELATIVISTIC PARTICLE

In the theory of special relativity the relationtwween energf and momentun®
or a free particle with rest masyg is

E: /p2C2+m§C4 :n.K:Z
When such a particle is subject to a conservativeef the total energy of the
particle, which is the sum of/ p’c* + mic* and the potential energy, is conserved. If

the energy of the particle is very high, the rastrgy of the particle can be ignored
(such a particle is called an ultra relativistictjzde).

1) consider the one dimensional motion of a veghtanergy particle (in which rest
energy can be neglected) subject to an attracterdral force of constant
magnitudef. Suppose the particle is located at the centriorake with initial
momentump, at timet=0. Describe the motion of the particle by sep#yate
plotting, for at least one period of the motiaragainst time¢, and momenturp
against space coordinake Specify the coordinates of the “turning pointg” i
terms of given paramete andf. Indicate, with arrows, the direction of the
progress of the mothon in the &) diagram. There may be short intervals of time
during which the particle is not ultrarelativistielowever, these should be
neglected.

Use Answer Sheet 1.

2) A meson is a particle made up of two quarks. s mas of the meson is
equal to the total energy of the two-quark systériddd byc®.

Consider a one--dimensional model for a meson st e which the two
guarks are assumed to move alongxagis and attract each other with a force of
constant magnitude f It is assumed they can passigh each other freely. For
analysis of the high energy motion of the quarksrést mass of the quarks can be
neglected. At time t=0 the two quarks are botk=& Show separately the motion
of the two quarks graphically by &, €) diagram and go( x) diagram, specify the
coordinates of the “turning points” in terms Mfandf, indicate the direction of
the process in yourp( X) diagram, and determine the maximum distance
between the two quarks.

Use Answer Sheet 2.

3) The reference frame used in part 2 will be refi¢to as fram&, the Lab frame,
referred to a§, moves in the negativedirection with a constant velocit0.6c.
the coordinates in the two reference frames ahesen that the poixt0 in S



coincides with the pointx' =0 in S" attimet=t'= Q Plot the motion of the
two quarks graphically in ax(, t') diagram. Specify the coordinates of the
turning points in terms oM, f andc, and determine the maximum distance
between the two quarks observed in Lab fraBie

Use Answer Sheet 3.

The coordinates of particle observed in referdram@esSand S" are related by
the Lorentz transformation

X = y(x+ )
U= y(t+B)
C

where S =v/c,y =1/,/1- % andvis the velocity of fram& moving relative

to the frame S" .
4) For a meson with rest eneryl¢?=140 MeV and velocity 0.G0relative to the Lab
frame S", determine its energ{’ in the Lab FrameS" .

ANSWER SHEET 1 ANSWER SHEET 2
1) A X 2) A X1, X2

13 13

5 - -
AP Ap2
Ap
Z X1 X2
0 = @) @)
Quarkl Quark2

The maximum distance betwe
the two quarks isl=



ANSWER SHEET 3
3) The maximum distance between the-

A X', %! quarks observed in'f@ame is
d=

Y—

O

Theoretical Problem }—Solution
1) 1a. Taking the force center as the origin of the swe coordinatex and the zero
potential point, the potential energy of the petis

U(x)=f|x] (1)
The total energy is
W =,/pc? +mic* + f | x|.
1b. Neglecting the rest energy, we get
W=l plc+ fx], 2)

SinceW s conserved throughout the motion, so we have

W= plc+f|x|=psC, 3)
Let thex axis be in the direction of the initial momentufrttee particle,
pc+ fx = p,C when x>0, p>0;
- pc+ fx = p,C when x>0, p<0;
when (4)
pc— fX = p,C x<0, p>0;
when
- pc— fx=p,C x<0, p<O0.

The maximum distance of the particle from the orjidget it bel, corresponds tp=0. It
is
L=np,c/f.

1c. From Eqg. 3 and Newton’s law

-f, x>0
Pop 0 ©)
dt f, x<0
we can get the speed of the particle as
% - £ % =c, (6)
dt| f|dt




i.e. the particle with very high energy always nowath the speed of light except that
it is in the region extremely close to the points +L. The time for the particle to
move from origin to the poink = L, let it be denoted by, is

r=L/ic=p,/f.
So the particle moves to and for betweesr L and x=-L with speect and period

4r =4p,/ f . The relation betweerx and t is

X =ct, O<st<sr
X=2L-ct, T<t<2r, @
X=2L-ct, 2r <t <3r,
X=ct-4L, 3r <t <d4r,
The required answer is thus as given in Fig. 1Rgd2.
A X Ap
A
Lf--- , Pg
. \B D/t
0 T Zvlt o X
N : L\ O L
L Y /
= po/f L=poc/f
L= po/f -Po
Fig. 1 Fig. 2
2) The total energy of the two-quark system caex@essed as
M02=|p1|0+|p2|0+flx1_lel (8)

where x,, X, are the position coordinates arg, p, are the momenta of quark 1 and

guark 2 respectively. For the rest meson, the tatahentum of the two quarks is zero
and the two quarks move symmetrically in oppositeations, we have

p=p +p, =0, Pr="P2s X =7X;. 9)
Let pp denote the momentum of the quark 1 when it is=@t then we have

Mc® =2p,c  or P, =Mc /2 (10)
From Eqg. 8, 9 and 10, the half of the total enexgy be expressed in terms of and
x, of quark 1:
PoC =l Pylct f x|, (11)
just as though it is a one particle problem asart o (Eg. 3) with initial momentum
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p, = Mc/2. From the answer in part 1 we get tRket) diagram andp, x) diagram of

the motion of quark 1 as shown in Figs. 3 and 4. dtark 2 the situation is similar
except that the signs are reversed for bodndp; its (x, t) and f, X) diagrams are
shown in Figs. 3 and 4.

The maximum distance between the two quarks asfse® Fig. 3 is

d=2L=2p,c/f=Mc*/f. (12)
(1% X¢: solid I|_ne
\ Xo: dash line
A E
LI R .
L \B” | L
O ‘\ TE /‘2"\3/'\‘—
gl :
L B D
= Mc/2f
L=Mc?/2f
Fig. 3

AP I

-LV / L -LY L
L=Mc?/2f
o Po=Mc/2 P
Fig. 4a Quarkl
Fig. 4b Quark2

3) The reference fram@moves with a constant velocit4=0.6c relative to the Lab
frame S" inthe x' axis direction, and the origins of the two framaes coincident at
the beginning {=t'= (. The Lorentz transformation between these twonés is
given by:

X = y(x+ fAob),

t' = y(t+ px/c), 13)

where f=V/c, and y=1/,1-p% . With V=06c, we have = 3/5 and

y =5/4. Since the Lorenta transformation is linear, aight line in the X, t) diagram



transforms into a straight line the'( t') diagram, thus we need only to calculate the
coordinates of the turning points in the frare.

For quark 1, the coordinates of the turning pointshe framesSand S' are as
follows:

Frame S FrameS'
% 4 X = Y%+ fcty) =yt + % /e
5 3 5 .3
=—X +—ct =—t,+—x/cC
P 414"
0 0 0 0
L 4 ya+p)L=2L yA+p)r=2r
3 5
0 2r 2 =—L 2Qr=—r1
i 2 " 2
-L 3r y@L-)L =L y@-pB)r=3r
0 ar 4y =3L 4yr =51
where L = p,c/ f =Mc? /2f, r=p,/ f =Mc/2f.
For quark 2, we have
Frame S FrameS'
X, t, Xy = Y(X, + Bcty) t, = y(t, + X, /c)
=gx2+gct2 =§t2+§x2/c
0 0 0 0
1 1
-L T -y(l-/s’)L=-§L y(l-/s’)f=§f
3 5
0 2r 2 =—L 2Qr=—r1
yoL ) r=-
7 9
L 3r y(3,8+1)L:§L y(3+,8)r:§r
0 A1 4y =3L 4yr =or

With the above results, thed'(, t') diagrams of the two quarks are shown in Fig. 5.
The equations of the straight lin@g andOB are:

x(t)=ct'; O<st'sy@+pB)r=2r; (14a)

X (t') = —ct'; 0<t' < y(-B)r :%r (14b)



The distance between the two quarks attains itsrmar d' when t' =%r, thus we

have maximum distance

Mc?
2f

d'=2cyl-p)r=2y1-p)L= (15)

Iy + X2
{ x,: solid lines

=Tt -r-r r-7r- PW‘-‘-_-“"

L=Mc*/2f ,. dashedlmes E'
3.5Lf _‘

3.0L
2.5L}
2. 0L
1.sL}
1.0L
0.5L{

(1}

0152025303540455&

-o.sL} -!(-1_;. +_ f_ ;_1_4- m——-
| | | t=Mc/2f
}.._L..L..J '—'—LLL&.-L___—

Fig. 5
4) It is given the meson moves with velocity0.6 crelative to the Lab frame, its
energy measured in the Lab frame is
2
E=-_MC -1 140=175Mev.

1-p* 08

Grading Scheme
Part 1 2 points, distributed as follows:
0.4 point for the shape aft) in Fig. 1;
0.3 point for 4 equal intervals in Fig. 1;
(0.3 for correct derivation of the formula only)
0.1 each for the coordinates of the turning pof&ndC, 0.4 point in total;
0.4 point for the shape @fx) in fig. 2; (0.2 for correct derivation only)

0.1 each for specification op,, L =p,c/f, —p,, —L and arrows, 0.5 point in

total.

(0.05 each for correct calculations of coordindtaiming points only).
Part 2 4 points, distributed as follows:

0.6 each for the shape of (t) and x,(t), 1.2 points in total;

0.1 each for the coordinates of the turning potB, D and E in Fig. 3, 0.8 point in
total;



0.3 each for the shape qj, (x,) and p,(x,), 0.6 pointin total;

0.1l eachforp,=Mc /2 L=Mc*/2f, - p,, —L and arrows in Fig. 4a and Fig.
4b, 1 point in total;
0.4 point for d = Mc?/ f
Part 3 3 point, distributed as follows:
0.8 each for the shape of (t') and x,(t"), 1.6 points in total;

0.1 each for the coordinates of the turning potB, D and E in Fig. 5, 0.8 point in
total; (0.05 each for correct calculations of caate of turning points only).

0.6 point for d' = Mc? /2f .

Part 4 1 point (0.5 point for the calculation folequ0.5 point for the numerical value
and units)



Theoretical Problem 2
SUPERCONDUCTING MAGNET

Super conducting magnets are widely used in laboes. The most common form
of super conducting magnets is a solenoid madeupetrsconducting wire. The
wonderful thing about a superconducting magnethét it produces high magnetic
fields without any energy dissipation due to Jdwdating, since the electrical resistance
of the superconducting wire becomes zero when thgnet is immersed in liquid
helium at a temperature of 4.2 K. Usually, the neigs provided with a specially
designed superconducting switch, as shown in Fighé& resistanceof the switch can

be controlled: either=0 in the superconducting state, o= r, in the normal state.

When the persistent mode, with a current circugptihrough the magnet and
superconducting switch indefinitely. The persist@moide allows a steady magnetic field
to be maintained for long periods with the exteswirce cut off.

The details of the superconducting switch aregieén in Fig. 1. It is usually a
small length of superconducting wire wrapped witleater wire and suitably thermally
insulated from the liquid helium bath. On being teda the temperature of the
superconducting wire increases and it reverts éorélsistive normal state. The typical

value of r, is a few ohms. Here we assume it to b@ 5The inductance of a

superconducting magnet depends on its size; assl®@d 0 H for the magnet in Fig. 1.
The total current can be changed by adjusting the resist&ce

This problem will be graded by the plots only!

The arrows denote the positive directiori,df andl..

1
—=

Potver r r-———={==-=-- _‘
$witch K Superconducting : I I |
switch | —a l
Power —- I g : Super-
— E -_conducting
source —__ @/f e

Variable
resistor

7
The enclosed part with dashed line
is immersed in liquid helium bath
at temperature 4.2 K,

Fig. 1
1) If the total current and the resistangeof the superconducting switch are controlled
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to vary with time in the way shown in Figs, 2a &mdrespectively, and assuming the
currentd; andl; flowing through the magnet and the switch respebtiare equal at
the beginning (Fig. 2c and Fig. 2d), how do thegywaith time fromt; to t,? Plot
your answer in Fig. 2c and Fig. 2d

Io|

0.51, Fig.2a
° RS, ¥ A —.
t ts ts IA
\r
Toapr——————— - - -
2b
t
= t t: s t,
I,
£
0,510___._-..__.....--_..-_‘ 2c
e R e
4 123 B 1) t, .
I,
{5 g g S
2
--—*uo*——-—-d—--—*‘

4 t t; ts t,

2) Suppose the power switihis turned on at time=0 whenr=0, I,=0 andR=7.XQ2, and
the total current is 0.5A. WithK kept closed, the resistancef the superconducting
switch is varied in he way shown in Fig. 3b. Pla torresponding time dependences
of I, I, andl, in Figs. 3a, 3c and 3d respectively.

I
0. 5A prm— — — — — — — — — — — ——= )
Fig. 3a
0 b——-&-———.————q——————-;-
1 2 3 min
V‘
r'nf-—— e i
3b
t
0 1 2 3 min B
I,
0.5AF -~ ———— === == ———-—— 3c
t
——— e e e - —— ——
0 1 2 3 min
- 12
0.5AF———— — — — — —— —— 3d
t
0o~ T T ——r—— - ————— ——

3) Only small currents, less than 0.5A, are alloweeflow through the superconducting

11



switch when it is in the normal state, with largarrents the switch will be burnt out.
Suppose the superconducting magnet is operategémsestent mode, i. €0, and
l,=i1(e. g. 20A),l,=-i1, as shown in Fig. 4, fronx0 tot=3min. If the experiment is to
be stopped by reducting the current through thenmtatyp zero, how would you do it?
This has to be done in several operation stepsttidacorresponding changesl of,

I, andl, in Fig. 4
T Fig. 4a
t
——— s e e o e o
6 9 12 min
=
P2 ottt
" 4b
— e v e b P
0 3 6 9 12 min
I,
20A prmme — — - - - - - — Ac
t
e e e e ———— o =
0 3 6 9 12 min
8
20AF - —~"———~—~—~—~7 ™"
t 4d
Of-— == m = — —— ——+ — — -
3 6 9 12 min
—WAf———————— ————

4) Suppose the magnet is operated in a persisteaé mith a persistent current of 20A
(t=0 to t=3min. See Fig. 5). How would you change it to esfgent mode with a
current of 30a? plot your answer in Fig. 5.

20Ap————————— e ———— Fig. 5a
t
- b o . o s e o
0 3 6 9 12 15 min
r
fap———————— e —————— 5b
t
.h——d—— — s — — i — o ol
0 3 6 9 12 15min
I
30A ke e e ——— 5¢c
20Af————————— ——— —
t
Vo s e o o e e e e o, S e g
0 3 6 9 12 15 min
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30AL o

0Af———————— — ——— o

t

(1] o SN SISy 5d
3 6 9 12 15min
“20A e e
_30A o —— s ——— — — — p— —

Theoretical Problem 2—Solution
1) Fort=t; totg

Since r = Q the voltage across the magnié} = Ldl, /dt =0, therefore,

1
|1=|1(t1)=§|0;
l,=1-1,=1I —%lo.

Fort=tstoty

Sincel,=0 att=t3, andl is kept at%l0 after

t=t,, V, =1I,r, =0, therefore,I, and I, will not change.

0.5fop = ~ —~ - Fig. 6a
0 —_— = - -
12} 123 13 ts t
o
P a—— 6b
° ) ; 6 Th 7
I, :
Io —————————————————
0. 51, e 6¢c
L—- Ao e e b ———

s & t t; ts ) ¢

6d
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2) Fort=0to t=1min:
Sincer=Q V,, =Ldl /dt=0
1,=1,0)=0
|,=1-1,=05A,
At t=1min, r suddenly jumps from O ta,, | will drop from E/R to
E/(R+r,) instantaneously, becaude can not change abruptly due to the inductance

of the magnet coil. FolE/ R=0.5A, R=75Q and R, =5Q . | will drop to 0.3A.

For t =1 min to 2 min:

I, I, and I, gradually approach their steady values:

I =E= 05A,
R
|, =1 =05A
|, =0.
The time constant
L
L_LR*r)
Rr

n

When L=1H, R=75Q andr, =5Q, 7= 3sec.

For t = 2min to 3 min:

Sincer = Q |, and |, will not change, that is

I,=05Aand I, =0

’1
0.5A -
0. 3Af===="" r t Fig. 7a
prm T T e e
1 2 3 min
,
Taf === copm—— = - - 7b
t
- - -
0 1 2 3 min
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I,
’- SAt‘" 7 Tt Te
e e = - - -

g 1 2 3 min

I,
0 SA e e e e o e e -
o 3“&:‘:_‘& L

0 1 2 3 min

3) The operation steps are:
First step

Turn on power switclK, and increase the total currério 20 A, i. e. equal td, .
Since the superconducting switch is in the state , s®thatV,, =L dI,/dt=0,

that is, 1, can not change andl, increases by 20A, in other word$, changes from

—20Ato zero.
Second step

Switch r fromOtor,.
Third step

Gradually reducd to zero while keepingl, <05A: since I, =V,, /r, and
V. =Ldl,/dt, when L= 1M, r, =5Q, the requirement , < 0.5A corresponds to
dl, /dt < 025A/sec, that is, a drop of <15A in 1 min. In Fig.d /dt[10.1A/sec and

dl,/dt is around this value too, so the requirement leas lhulfilled.
Final step

Switch r to zero whenV,, =0 and turn off the power switdk. These results are

shown in Fig. 8.

Fig. 8a

8b

8c
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4) First step andsecond stepare the same as that in part 3, resultind jr= 0.

Third step Increasel by 10 A to 30 A with a rate subject to the reguoiest

|, <05A.

Fourth step Switch r to zero whenV,, =0.

Fifth step Reducel to zero, I, =30 A will not change becaus¥,, is zero.

I, =1-1, will change to- 30A. The current flowing through the magnet is thus

closed by the superconducting switch.

Final step Turn off the power switclK. The magnet is operating in the persistent

mode.
These results are shown in Fig. 9.

—— o o . -

0 3 6 9 12 15 min

-— s = A o - o —l - -

0 3 6 9 12 15 min

Grading Scheme
Part 1, 2 points:

0.5 point for each ofl,, I, from t=t to t, and I, |

Part 2, 3 points:

0.3 point for each ofl,, I, from t=0 to 1 min, I, 1, I, at t=1 min, and

16

8d

9b

9c

9d

, from t=t; to t,.



ly, 1, 1, from t=1 to 2 min;

0.2 point foreach ofl , I,,and I, from t= 2 to 3 min.

Part 3, 2 points:
0.25 point for each section in Fig. 8 frotre t8 9 min, 8 sections in total.
Part 4, 3 points:
0.25 point for each section in Fig. 9 frod= t8 12 min, 12 sections in total.

17



Theoretical Problem 3
COLLISION OF DISCS WITH SURFACE FRICTION

A homogeneous disc A of mass m and raéiumoves translationally on a smooth
horizontalx-y plane in thex direction with a velocity/ (see the figure on the next page).
The center of the disk is at a distarcéom the x-axis. It collides with a stationary
homogeneous disc B whose center is initially lodade the origin of the coordinate
system. The disc B has the same mass and the bakieess as A, but its radiusRs.

It is assumed that the velocities of the discshairtpoint of contact, in the direction
perpendicular to the line joining their centers agual after the collision. It is also
assumed that the magnitudes of the relative vébsoitf the discs along the line joining
their centers are the same before and after thisioal

1) For such a collision determine thkeandY components of the velocities of the two

discs after the collision, i. &/, , V,,, Vg and Vg, intermsofm, R,, Ry, V
and b.

2) Determine the kinetic energids), for disc A and E; for disc B after the collision

intermsofm, R,, R;, V andb.

Theoretical Problem 3—Solution
1) When disc A collides with disc B, Ietbe the unit vector along the normal to the
surfaces at the point of contact arxk the tangential unit vector as shown in therégu

Let ¢ be the angle betweenand thex axis. Then we have

b=(R, +R;)sing
The momentum componentsAfandB alongn andt before collision are:

mV,, =mV cosg, mV,, =0,

18



mV, =mVsing, mV, =0.
Denote the corresponding momentum components anhd B after collision by

mV,,, mVg,, mV,,and mV,. Let w, and w, be the angular velocities 8fandB

about the axes through their centers after coflisiand 1, and 1, be their

corresponding moments of intertia. Then,

1 1

|A:§mR§, |B=§mRé
The conservation of momentum gives
mV cosg = mV,, +mV, , Q)
mVsing =mV, +mV,,, (2)

The conservation of angular momentum about the tixough O gives
mvb=mV, (R, + R;) + | \w, + 1, (3)
The impulse of the friction force exerted on B idgr collision will cause a
momentum change ofmV, alongt and produces an angular momentunxy,
simultaneously. They are related by.

MV R, = 14w, (4)

During the collision at the point of contact A aBdcquires the same tangential
velocities, so we have

V/f\t — W, RA = Vét — W RB (5)

It is given that the magnitudes of the relativeoeglies along the normal direction
of the two discs before and after collision areatgu e.

V cosp =Vg, —V,,. (6)

From Egs. 1 and 6 we get

19



V., =0,

Vg, =V cosg.
From Egs. 2 to 5, we get
Vo =§V sing,
6
1.
Vg ==Vsing,
6
w, = Vsing |
3R,
w, :Vsm¢ .
3R,

Thex andy components of the velocities after collision are:

5vb®

6(R, + Ry)” @

V, =V, COSP +V,, sing =

B5Vby/(R, + Ry)? —b?

V, ==V, sing +V, cosg =
w An ¢ g S¢ 6(RA+RB)2

: (8)

. 5b?
V. =V! cosp+V, ={1-— = 9
Bx Bn co + Bt S|n¢ |: 6(RA+RB)2j|v ( )

5Vby (R, + Ry)? —b?

Vg, =-Vg sing +V, =- : 10
By BnS|n¢ BtCOS¢ G(RA'*'RB)Z ( )
2) After the collision, the kinetic energy of disgs
] 1 12 12 1 3mV2b2
E\==mV2+V2)+=1,0f =—— — 11
n = MV Vi )+ Ly 8(R, +R,)? ()

while the kinetic energy of disc B is
2
Ep = Vi +Vg) e =omv?1-— P a2)
2 2 2 12(R, +Ry)
Grading Scheme
1. After the collision, the velocity componentsdi$cs A and B are shown in Eq. 7,
8, 9 and 10 of the solution respectively. The tptahts of this part is 8. 0. If the result

in which all four velocity components are correasimot been obtained, the point is
marked according to the following rules.

20



0.8 point for each correct velocity component;

0.8 point for the correct description of that thagnitudes of the relative velocities
of the discs along the line joining their centars the same before and after the
collision.

0.8 point for the correct description of the camagon for angular momentum;

0.8 point for the correct description of the egaalgential velocity at the touching
point;

0.8 point for the correct description of the rielatbetween the impulse and the
moment of the impulse.

2. After the collision, the kinetic energies o$diA and disc B are shown in Egs. 11
and 12 of the solution respectively.

1.0 point for the correct kinetic energies of disc

1.0 point for the correct kinetic energies of dssc

The total points of this part is 2.0
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XXV INTERNATIONAL PHYSICS OLYMPIAD
BEIJING, PEOPLE’'S REPUBLIC OF CHINA
PRACTICAL COMPETITION
July 15, 1994
Time available: 2.5 hours
READ THIS FIRST!

INSTRUCTIONS:
1. Use only the ball pen provided.
2. Your graphs should be drawn on the answer slagtetshed to the problem.
3. Write your solution on the marked side of thpgraonly.
4. The draft papers are provided for doing numeeaidulations and draft drawings.
5. Write at the top of every page:
e The number of the problem
The number of the page of your report in each bl
The total number of pages in your report to thdjem

Your name and code number
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EXPERIMENTAL PROBLEM 1
Determination of light reflectivity of a transpatafielectric surface.

Experimental Apparatus

1. He-Ne Laser(1.5mW).The light from this laser is not linearly pozed.

2. Two polarizers By, Py) with degree scale disk (Fig. 1), oney)( has been
mounted in front of the laser output window as Eprer, and another one can be fixed
in a proper place of the drawing board by push-pihen it is necessary.

3. Two light intensity detectors ¢(DD,) which consisted of a photocell and a
microammeter (Fig. 2).

4. Glass beam splitter(B).

5. Transparent dielectric plate, whose reflectivatyd refractive index are to be
determined.

6. Sample table mounted on a semicircular degrale ptate with a coaxial swivel
arm(Fig. 3).

7. Several push-.pins for fixing the sample tabietlte drawing board and as its
rotation axis.

8. Slit aperture and viewing screen for adjusting aser beam in the horizontal
direction and for alignment of optical elements.

9. Lute for adhere of optical elements in a fixéatp.

10. Wooden drawing board.

11. Plotting papers

Experiment Requirement
1. Determine the reflectivity of the p-componentdsnction of the incident angle (the
electric field component, parallel to the planénaidence is called the.component).

(a) Specify the transmission axis of the polariZerby the position of the marked
line on the degree scale disk in freomponet measurement(the transmission
axis is the direction of vibration of the electfield vector of the transmitted
light).

(b) Choose any one of the light intensity deteetiod set its micro-ammeter at the
range of "x5". Verify the linear relation ship be@n the light intensity and
the micro-ammeter reading. Draw the optical schandiagram. Show your
measured data and calculated results(includihg calculation formula)in
the farm of a table. Plot the linear relationshipve.

(c) Determine the reflectivity of thecomponent as a function of the incident angle.
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Draw the optical schematic diagram. Show your mesmbdata and calculated
reflectivity(including the calculation formula)irhé form of a table. Plot the

reflectivity as a function of the incident angle.

2. Determine the refractive index of the sampla@sirate as possible.

Explanation and Suggestion
1. Laser radiation avoid direct eye exposure.
2. Since the output power of the laser beam magtifie from time to time, the

fluctuation of light output has to be monitored idgr the performance of the
experiment and a correction of the experimentallte$as to be made.
3. The laser should be lighting all the time, evérewyou finish your experiment

and leave the examination hall, the laser shoulkigeping in work.

4. The reflected light is totally plane polarized aat incident angled, while

tgd; =n (refractive index).

? push-pins

LUTTTY P .

Fig. 1 polarizers with degree scale disk

10 153

% 0
AT 5
N \\&\\\ MIII///,//// %

oN X1
i O
| OFF
to the “INPUT” of the micro-ammeter RO DI @
NPUT MULTIPLE

Fig. 2 Light intensity detector
(1) Insert the plug of photocell into the “INPUT det of microammeter
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(2) Switching on the microammeter.

(3) Blocd off the light entrance hole in front dfet photocell and adjust the scale
reading of micro ammeter to “0”.

(4) Set the “Multiple” knob to a proper range.

Push-pin for fixing the sample table
on the drawing board and as its

.rotation axis

Sample table mounted on a semicircuiar
degree scale plate with a coaxlal swivel

Fig.3 Sample table mounted on a semicircular deggake plate
Experimental Problem 1——Solution
1. (a) Determine the transmission axis of the méarand the Brewster anglé, of

the sample by using the fact that the rerlectivityhe p-componentR, = Oat the

Brewster angle.

Change the orientation of the transmission axid2afspecified by the position of
the marked line on the degree scale digk énd the incident angled() successively

until the related intensityl, =0.

| Sample

Laser ——
1

\ '/ Light intensity detector

Now the incident light consists ptcomponent only and the incident angleés, the

corresponding valueg, and 8, are shown below:
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Y, 140.0 322.0 141.0 322.5

2 56.4 56.4 56.2 56.2

¢, =1405°+05° or 322.3:0.T°

The Brewster angleg, is 56.3+0.1°

1. (b) Verification of the linear relationship beten the light intensity and the
microammenter reading.

o= D,

-—-—.j

The intensity the transmitted light passing througlo polarized B, and P,

obeys Malus’ law

1(8)=1,co5 @
where |, is the intensity of the light polarized by, and incident,| is the intensity
of the transmitted light, and is the angle between the transmission axe#,0tnd

p,. Thus we can obtain light with various intensitiesthe verification by using two

polarizers.
The experimental arrangement is shown in the figure

The light intensity detectoD, serves to monitor the intensity fluctuation of the
incident beam (the ratio of, to I, remain unchanged), an®, measures|,. Let
i,(6) and i,(d) be the readings oD, and D, respectively, andy,(6) be the
reading of the marked line position, =0 when 6 = 9C, the corresponding/, is
¢, (90°), and the value o corresponding tay, is

0=y, -y,00°) =90 |

Data and results;
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¥, 00°) =4°

W, 94.0° 64.0° 49.0° 34.0 4.0°
6 0.0° 30.0 45.0° 60.C° 90.C°
i, (6) LA 6.3x1 5.7%1 5.7%1 5.7%1 5.7%1
i, (6) A 18.7%5 12.%5 8.5 4.0¢5 0.0<5

From the above data we can obtain the valueb(8j/1,(8) from the formula

16) _12(6) 1,0
MCRAC

and compare them witltos’ @ for examining the linear relationship. The ressul

obtained are:

7] 0. 30.C 45.C 60.C 90.C
cos @ 1.00 0.75 0.50 0.25 0.00
(@)1, 1.00 0.75 0.49 0.24 0.00

;(0)"#,(0)
1. 00
0. 50
cos 20
0 0. 50 1.00

1. (c) Reflectivity measurement

The experimental arrangement shown below is usddteymine the ratio of , to
I, which is proportional to the ratio of the readifig,) of D, to the corresponding

reading (i,, ) of D,.

D,

27



Then used the experimental arrangement shown bilaweasure the relativity

R, of the sample at various incident and® while the incident light consists of

p-component only. Leti,(#) and i,(d) be the readings oD, and D, respectively.

(/

l[’; \B 20 nm
L IO

Then the reflectivity is

R,(6) = 10) _12(0) o

IO |1(9) i20
Data and results:

W, =1405°

i, =19.8%5LA

i,o =13.3LA
6(°) i,(0) i, (LA R, (6)
5 15.1x0.2 11.1 0.037
10 14.9x0.2 11.2 0.036
20 13.3x0.2 11.1 0.032
30 11.4x0.2 12.2 0.025
40 7.8x0.2 14.7 0.014
50 2.3x0.2 16.9 0.0037
53 0.7x0.2 11.3 0.0017
55 0.3x0.2 11.3 0.00059

56.3 Idark] 710 11.5 110

58 0.3x0.2 11.5 0.0007
60 1.1x0.2 13.5 0.0024
64 6.5x0.2 16.7 0.011
66 7.8x0.2 11.8 0.018
68 16.3x0.2 15.0 0.029
72 5.3x0.1 11.7 0.061
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76 13.1x1 14.0 0.13
80 4.4x5 11.7 0.25
84 9.1x5 14.5 0.42
The curve of reflectivity of p-component as a fuantof incident in plexiglass
R.(6)

0.5

0.4

0.3}

0.2}

0.1

0:‘(0) 6:.(°)

0 10 20 30 40 50 60 70 80

2. The Brewster angl&, can be found from the above date as

g, =56.3°+ 02°
The index of refraction can be calculated as

n=tang, = 150+ 001

The sources of errors are:
1. Detector sensitivity is low.
2. The incident light does not consistpptomponent only.
3. The degree scales are not uniform.

EXPERIMENTAL PROBLEM 1: Grading Scheme(10 points)
Part 1. Reflectivity of the p-component. 7 points, distributed as follows.
a. Determination of the transmission axis of thdéapper (A) in p-component
measurement, 1 point.

(Error less than £2°, 1.0point;
error less than +3°, 0.7point;
error less than +4°, 0.3point;

error less tharx5°(1 0.1 point.)
b. Verification of the linearity of the light intsity detector(2 points). Draws the
optical schematic diagram correctly, 1.0 point; fWwut the correction of the
fluctuation of the light intensity, 0.4 point onjy)

Uses | /1,1cos @ figure to show the “linearity”, 0.5 point;
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Tabulate the measured data(with 5 points at leaséctly, 0.5 point.
c. Determination of the reflectivity of the p-conmmt of the light as a function of

incident angle, 4 points, distributed as follows.

Draws the optical schematic diagram correctly ailifate the measured data
perfectly, 2.0 points;

Plot the reflectivity as the function of incidemighe with indication of errors, 2
points.

Part 2. Determination of the refractive index of sanple, 3 point.
Brewster angle of sample, 1 point;

(Error less than +1°, 1.0point;
error less than £2°, 0.5point;
error less than £3°, 0.2point;
error larger than £3°, 0 point.)

The refractive index of sample, 0.5 point.
Discussion and determination of errors, 1.5 points.
EXPERIMENTAL PROBLEM 2
Black Box
Given a black box with two similar terminals. There no more than three passive
elements inside the black box. Find the valuesl@fents in the equivalent circuit
between the terminals. This box is not alloweddmpened.
Experimental Apparatus
1. Double channel oscilloscope with a panel illaistm, showing the name and
function of each knob
2. Audio frequency signal generator with a parestration, showing the name and
function of each knob
3. Resistance box with a fixed value of |00 ohmQx&26)
4. Several connecting wires
5. For the coaxial cables, the wire in black calbthe terminal is grounded.
6. Log-log paper, semi-log paper, and millimetepgraare provided for use if
necessary
Note: The knobs, which were not shown on the palhgstiation of the “signal
generator” and “oscilloscope”, have been set tactiteect positions. It should not
be touched by the student.
Experimental Requirements
1. Draw the circuit diagram in your experiment.
2. Show your measured data and the calculatedisaauhe form of tables. Plot the
experimental curves with the obtained results ore #oordinate charts
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provided(indicate the title of the diagram and thkes and scale units of the
coordinate axes)
3. Given the equivalent circuit of the black boxidhe names of the elements with
their values in the equivalent circuit(write dovire tcalculation formulas).
Instructions
1. Do your experiment in the frequency range betwi® Hz and 50kHz.
2. The output voltage of the signal generator shbaltess than 1.0V (peak-to-peak).
Set the “Out Attenuation” switch to “20” db positi@and it should not be changed.
3. On connecting the wires, be careful to managentining so as to minimize the
50Hz interference from the electric mains.
Instruction for Using XD2 Type Frequency Generator
1. Set the “Out Attenuation” to “20” db positioncar should not be changed.
2. Set the “Damping Switch” to “Fast” position.
3. The indication of the voltmeter of the signal gexttor is the relative value, but
not the true value of the output.
4. Neglect the error of the frequency readings.
Note: For XD22 Type Audio Frequency generator, @éherno “Damping Switch”, and
the “output” switch should be set to the sine “g5jtion.

Instruction for Using SS-5702 Type Oscilloscope
1. Keep the “V mode” switch in “Dual” position.

2. The “Volts/div’ (black) and the “variable conttofred) vary the gain of the
vertical amplifier, and when the “variable contr@ted) is ill the fully clockwise
position, the black setting are calibrated.

3. The “Times/div’ (Black) varies the horizontal ssperate from 0.ps/div to
0.2s/div, and they are calibrated when the “vadgatantrol” (red) is in the fully
clockwise CAL position.

4. The “Trigging Source” (Trigging sweep signalused to select the trigging signal
channel and the" level" control is used to adjhst amplitude of the trigging
signal.

5. Measuring accuracy: +4%.
Instruction for Using “Resistance Box”

The resistance of the “Resistance Box” has beetosetvalue of 100ohm, and it
should not be changed.
Experimental problem 2...... Solution

1. The circuit diagram is shown in Fig. 1
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A CH1 (Ez+u)

“black "box

N
s
\
S—

“signal” B

|

resistance”box| [R(100Q) Ve

generator

-4 =+
Fig. 1
We have the relation:
Ve,
R 1
Z+ R:VZ+R :VZ+R R

R

2. Measure the values of,,, and V; at various frequencied)(the measured data

and calculated value @R are shown in table I. “Th&+R-f curve is plotted in Fig. 2

Z+R(Q) (Z+R)—f

10. OK}

1. 00K |

100 1 ~
100 1. 00K 10. 0K f(Hz)

Table |. The magnitude of impedance verus frequency

f (x10°Hz) U,r (V) UrMVpp Z +R(x10°Q)
0.100 0.600 22.0 2.73
0.200 0.600 45.0 1.33
0.400 0.600 94.0 0.638
0.700 0.300 92.0 0.326
0.900 0.300 121 0.248

1.00 0.300 136 0.220
1.10 0.300 140 0.214
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1.16 0.300 141 0.213
1.25 0.300 140 0.214
1.50 0.300 120 0.250
2.00 0.300 88.0 0.341
4.00 0.300 78.0 0.769
8.00 0.600 38.0 1.58
15.0 0.600 20.0 3.00
30.0 0.600 10.0 6.00
50.0 0.600 6.0 10.0

From table 1 and Fig. 2, we got the conclusions:
(1) Current resonance (minimum2)f occurs at f, 0116x10°Hz.
(2 f(f,, z0O0f, Ap=-nl/2. The impedance of the “black box” at low

frequency is dominated by a inductance.

3) tHf,, ZzOf, A¢g=nl/2. The impedance of the “black box” at high

frequency is dominated by a inductance.
(4) Equivalent circuit of the “black boxt, L andC connected in series shown in

Fig. 3.
———— 0A
1 T _L“black”box
| s oy
1 |
T
I»I L
L3
N
Z+R l__ _J
B
R(1006)
A\ 4 C
Fig. 3
3. Determination of the values of, L and C.
(@r
At resonance frequency,
Ve =V,

Then
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VZ+R :VZ+R R:I‘+R

R

Z+R=

From table 1,r + R=213Q, it is given R=100Q , so the equivalent resistance
in Fig. 3is equal 119.
(b) C

At low frequency, z, =0 in Fig. 3. So the circuit could be considered a@es

RC circuit.
From phasor diagram, Fig. 4,

=7 :VC —M
C

Since V2, IVZ . =6x10° at f = 100Hz, VZ,, can beneglected with respect to

V2., SO v v
1 Ve o Z+R=273x10°Q
aC I
1
C=—————=058uf . 1h=vel N
w(Z+R) s Vone=1Z+D
C L 058uf . Fig. 4
()L

At high frequency,Z, =0 in Fig. 3. So the circuit could be considered asrges

RL circuit. V. Fisn

From phasor diagram, Fig. 5,

VL |= V22+R _VriR )

Since V2. /V/,, = 45x10™" at f =50kHz, V%, can be ——

r+R 7; Ve

neglected with respect tv? ., SO Fig. 5
aL:ZLz\/l—L=—|VZI+R|=Z+R=104Q (3)
L=2"R-318mH
w

Error estimation:
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It is given, precision of the resistance box regdAR/ R = 0.5%
precision of the voltmeter readinyvV /V =4 %

(1) Resistance : at resonance frequency,

r+R:VZ_+RR
VR

A +R) _AVz.r  AVe | BR 4o 4 496+0.506=8.5%
r+R  V,.. V. R

Ar =16Q

(2) Capacitance C: (Neglect the error of the feaguy reading)
1 Vzir

= 0Z. =
«C Vg

R

AC _ AV, , AVy AR
C VZ+R VR

= 8.8%

The approximationV, =V,,, will introduce apercentageerror 0.3%

(3) Inductance L: Similar to the results of capaute C, but the percentage error

introduced by the approximatioV, =V,,, is much small (0.003%) and thus

negligible.

A, 85%.
L

Experimental Problem 2: Grading Scheme (10 points aximum)
1. Measuring circuit is correct as shown in Fig.(a)
......2.0point

% CH1(Vz4r)

“ ”
black "box z

“singnal” @ CH2(V,)

generator
R(100Q)

= =
Fig. a

2. Correct data table and figure to show the charatic of the black box

......2.0 points

3. The equivalent circuit of the black box, and tfanes of the elements with their
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values in the equivalent circuit are correct
total 6.0 points
(@ R, Land C are connected in series
...... 1.5 point
(L and C are connected in series
...... 1.0 point)
(b) Correct value (error less than 15% ) for ealeiment
......0.5 point &3)
(error between 15% and 30% 0.3)
(error between 30% and 50% 0.1)
(c) Correct calculation formula for each element
......0.5 point &3)
(d) Error estimate is reasonable for each element

...... 0.5 points ¥3)
ooooooooo
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