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MR RE- R LR HHL e RAMR, h @ombl i R B R A

WfF ez g ez fryamia e, ot R e UH & IEHERE: h'=a+bve, XHE a’ f b
REHL  c RNGEPIIFRE T . MK K THERE, Kttt sn500E
() B AL 3 7] DLZES o N T RUNR A (T, ~T,), T =T, ~T2(T, -T,) » Ktk
R HAER T LLE N 4 Aw o € To3(Tw-To)>k (Tw-To) » I H. Qne AJ LLHEIA AE E
AR, ZEMAEXEE, RIMTLLETRE (6) W5 A:

Vi - I =(@+bv9)A (T, -T,), (8)

XH, a=a+ Quc/(Tw- To) + 4Awc € To?

IAETRATH PR 7 7L 34T SEB0 KW 2 bla A1 ¢ FIAUE : TR ANA 18 ¢ H s T
B 8(a) st 22 [ E R AT b, AR I AN FLR BN R Y CUR AT LS 50 X
T, 2RIEE ERINL) o AR EZSE N KR I ZE 00 ORJT ) IR B 22 1) e KA
MEFEE T XM, & 8(b)s.

ER: BAAEARE !

(@)

HOTWIRE
FILAMENT
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o
|

RALFERTF P, EEALKBE
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!
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X
- @
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11,13

Vw 3R
10,12 w
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+ - V- —

CTA CIRCUIT CCACIRCUIT

HOTWIRE

+

& 9 (a)# 22 BB & (b) fHIR RIEAL (CTA)EBEE (c) 1E X5EIX (CCA) R

|7 voltage input 9V variable = : H LI, 9V 7], CALIBRATION:A%#E
INPUT: #i N\, Hotwire: ##%, CTA CIRCUIT: {HI%Xi£{X (CTA)HE %, CCA
CIRCUIT : fELXEAX (CCA) FHEK.

Bl 10. (a) fEIEXELX (CTA) LKA E . (b) HANEK (CCA) EHHKE.

[D.1] HHE T [3. 2 43]
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B, WA R AR EALES POT CRIF HEES & BRI 1 Veausration A2 PAHE
T 2 XU KT, Rw I/, HEMFR Pl . N TWE Rw {4 M 88 -F
fiT, TR EHE R Vw GBI 0 Vineur) PAFRE 5 B R FEHL

N A A T E IR S

%=(a+bv°)%\”(Tw—To), ©)

X E Vi AT Rw &AL B FSATHLRE . BATIAN IR AL i 5, 1o I B A Ard
LA B A B B VR (Vineur) . U BT 22K (9) WIS -

Vieur. = A+BVE. (10)
[D.1.1]3RH A Fil B RIE
[0.4 3]
AR (100 TR E AW T RS, AT PAEZE P [l ) Ad A -
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a
[D.1.2]Y ByEE AR 4?2
[0.3 93]

[D.1.3]#k475L5, 155 bla Al ¢ HI{E.
[2.5 4)]

BAEfE AR R

(@ RS R EMERRX (CTA) .

(b) HRHEEI9 (b) FIE 10 (a) B4 FEMIEL. AL aMH oV
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Vu _Roy,
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[D.2.1] T4k k 5RIA
[0.2 77]
[D.2.2] 47 5256 LA 7€ Ro HIAUE.
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BAEfE AR RS

(@ HHEBE LI RIMERES (CCA) .
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[D.2.3] BbiF A y IR XA A2
[0.2 53]
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BEREAEEED
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AL ENH (emf) , XA Rv CENLAFRZE KRS , Rw RNH
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[0.4 73]
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(b)  XASZIGH, RFEWMEMHRAIR: K=ARE GFEILE) Wi
(b Ay DB T E A B RGE) XA K BAUR . ik, A
13(a) AR FE R LT o AR AT DL 2E €0 5 ek D)4, 2 UK AR B8 1)
AR BN 3 R LI AR
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W1 P R qwr 1€ SN 45 508 R A DR ER AL Z % Py
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Theoretical 1: Solution
Conductors in Conducting Liquid

30GOR, INDONESIA

1. Using Gauss law

?{EdA:q.
€0

Choose a cylinder (with a line charge as the axis) as the Gaussian surface, we obtain

Al
E2nrl = —.
€0
Simplify to obtain
A
E = .
2meqr

2. The potential is given by
'
V=- / E-dl
ref
T

= / E.dr
ref

A
V="3

TEQ

Inr 4+ C,

so f(r) = —52—Inr.

T 27

3. The potential from both line charges is a superposition of both potential

“
“
ri | *° 5
““‘ ‘-rz
““ L )
.

.

. .

wet A, 5

® .
o

3 b

A

Figure 1: System with two line charges

1 + 7)\ 1
— nr nr
2meq ! 27meq 2

_ (b—x)2+y?
27meq (b + $)2 + y2
A (b— )2 4 y?

~ dre n(b+x)2+y2‘

V=

Conductors in Conducting Liquid

Page 1 of 5
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Theoretical 1: Solution
30GOR, INDONESIA Conductors in Conducting Liquid

4. From eq.(5), we see that for any arbitrary potential V', the equipotential surfaces of these two
equal but opposite lines charge, are cylindrical surfaces. From this observation, we can choose
the specific position for each line charge in both cylinder so that the surface of each cylinder is
an equipotential surface.

Consider the following figure

Figure 2: Two line charges with its equipotential surfaces

We would like to find a cylindrical equipotential surface enclose one line charge, let say the —A
(if we could find the surface, by symmetry, we surely can find the identical one that enclose
the line A\). The potential is given by

A A
=——1 1
v 2mep nrLt 2meg e
A A
= " In(l? + R?* — 2l1Rcos ¢) + —— In(I13 + R* — 2ly R cos ¢). (6)
4meq dmeg

Since the surface of the cylinder has to be the equipotential surface, so the potential should

not depend on ¢, i.e. % = 0.

A 201 Rsin ¢ A 2la Rsin ¢
- 2 2 =0 (7)
dmeg 12 + R?2 — 211 Rcos ¢ 4meg 15 + R? — 2laR cos ¢
ll . l2
2+ R2—21Rcos¢ 13+ R2—2l3Rcos¢
12l + R%ly — 21113 R cos ¢ = 1113 + R?ly — 21113 R cos ¢

Lia(ly — o) = R%(Iy — Iy)

Ly = R% (8)

From the data in the problem, we have
l1 4+ ls = 10a, (9)
lll2 = 9&2. (10)

Conductors in Conducting Liquid Page 2 of 5
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C

/ Theoretical 1: Solution
30GOR, INDONESIA Conductors in Conducting Liquid

(0=

Solve this quadratic equation to get

li = 5a £ 4a. (11)

However, since l; > ls, we have
ll = 9&, (12)
l2 = a. (13)

Using this results on eq.(5), we have

A I (4a — z)? + y?

V= .
d7ey " (4a + )2 + y?

(14)

This is the potential in all region except inside both cylinders. For cylinders at x = —ba, the
potential is constant and equal to
A (4a + 2a)? + 0? A

(= @y =0) dreg (da —2a)?2 4+ 0% 27eg " (15)

For cylinders at x = 5a, the potential is constant and equal to

A (4a — 2a)? + 0? A
Vie=2ay=0 4reg " (4a + 2a)? + 02 27e n3 (16)
The potential difference between both cylinders are
A
AV = —1In3 =,. (17)
)

Substituting this results in the potential equation, the potential outside the two cylinders are:

Vo (4a—$)2 + 92

= . 18
41n3 n(4a+x)2+y2 (18)
And the potential inside the cylinders are:
The potential inside the cylinder centered at x = 5a is V = —Vj/2.
The potential inside the cylinder centered at at x = —ba is V = Vp/2.
5. From eq.(17), we have
q
Vo=-—In3 19
"7 Ireo e (19)
S0 we get
q Imeg
C=—=— 20
Vo In3 (20)
or capacitance per unit length is :
. q ) (21)
c= 2+ -0
Vo In3

Conductors in Conducting Liquid Page 3 of 5
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C

Theoretical 1: Solution
30GOR, INDONESIA Conductors in Conducting Liquid

(0=

6. The electric field produces by both cylinders are

Vo da+ da — x
By = : 22
= i3 (Gt o7 * e ) 22

Vb y Y
E, = ' 9
Y 2In3 <(4a+x)2+y2 (4ax)2+y2) (23)

The volume current density is given by
J=0E (24)

To calculate the total current, we may choose to calculate the current that flow through the
x = 0 plane. On this plane, there is no current in the y direction. The total current is given by

I:/J-dA (25)

= / o E,ldy

—al8av0 /°° dy
T 2In3 Jo (4a)? + 92

_ Vomol

1= 2
In3 (26)
7. The resistance is given by
Voo In3
R=—=— 27
I wol (27)
rC =% (28)

g

8. Since the system has a high symmetry, we may use Ampere’s law. The magnetic field should
not have any z dependence, since the current has no z dependence.
Figure 3 shows the current density J flow from one cylinder to the other cylinder. Choose an
Ampere loop on a constant x plane in a symmetrical way, so that the first path is pointing in
the positive z direction with constant y coordinate, the second path is pointing to the negative
y direction with constant z coordinate. The third path is pointing to the negative z direction,
but with constant —y coordinate. The fourth path is pointing in the positive y direction with
constant —z coordinate.

Having this path, we need to calculate the current that flow through the loop

I:/JdA
=/M@

_VOffl/y< datr  da—u >d
“2m3 ), \@ataP+y? " da—aP+y?)

Conductors in Conducting Liquid Page 4 of 5
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Theoretical 1: Solution
Conductors in Conducting Liquid

v,

(o r=

30GOR, INDONESIA

Figure 3: The Ampere loop

_ Vool y y
=13 (arctan lota + arctan pP— (29)
Using the Ampere’s law
7{ B-dl =yl (30)
Vool Yy (]
2Bl = 2%
l 3 (arctan e + arctan -
Voo y ]
= t t 1
5103 (arc an4a+$+arc an o —— (31)

Conductors in Conducting Liquid Page 5 of 5
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C

/ Theoretical 2: Solution
30GOR, INDONESIA Relativistic Correction on GPS Satelitte

(0=

Part A. Single accelerated particle

1. The equation of motion is given by

F = 4 (mo) (1)
_ ch
(1-52)2
F = v3ma, (2)

_ 1 _ . ..
where v = i and 8 = ¢. So the acceleration is given by

v

a = .
y3m

3)

2. Consider the following systems, a frame S’ is moving with respect to another frame S, with
velocity w in the z direction. If a particle is moving in the S’ frame with velocity v also in z
direction, then the particle velocity in the S frame is given by

u+v
v = —

(4)

If the particles velocity changes with respect to the S’ frame, then the velocity in the S frame
is also change according to

dv’ u+v  udv
dv = w’ N2 2
L ()
1 dv’
7T (14 %)

The time in the S’ frame is ¢/, so the time in the S frame is given by

uz’

so the time change in the S’ frame will give a time change in the S frame as follow

uv’
dt = ~dt' <1 + C2> . (7)
The acceleration in the S frame is given by

_dv a’ 1
T dt ?W

a

(8)

Relativistic Correction on GPS Satelitte Page 1 of 11
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Theoretical 2: Solution

(0=

30GOR, INDONESIA Relativistic Correction on GPS Satelitte

If the S’ frame is the proper frame, then by definition the velocity v = 0. Substitute this to

the last equation, we get

_a
a = ?
Combining Eq.(3) and Eq.(9), we get
/ F —
a = —=4g.
m
3. Eq.(9) can be rewrite as
A8 _ 9
a3
/ﬁ @b___9g /t dt
==
o 1-p%)2 ¢Jo
B _ gt
V1-p2 ¢
gt
=t
L ()

4. Using Eq.(12), we get

5. Eq.(3) can also be rewrite as follow

1—|—ﬁ_e£
1-8
ﬁ(e%{-e_%):e%—e &
8 = tanh I°
C

(14)

(15)

(16)

Relativistic Correction on GPS Satelitte Page 2 of 11
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Theoretical 2: Solution
30GOR, INDONESIA Relativistic Correction on GPS Satelitte

6. The time dilation relation is
dt = ~dr. (17)
From eq.(16), we have

N = 71—ﬂ2 :cosh?. (18)

Combining this equations, we get

Part B. Minkowski Diagram
1. The following figure shows the situation

A

ct

B D

Figure 1: Minkowski Diagram

where tan = 3, sinf = \/ﬁ?,and cos ) = \/11?

The line AC represents the stick with proper length equal L in the S’ frame.

The length AC is equal to 4/ ifgzL in the S frame.
The stick length in the S frame is represented by the line AB

AB =AD -BD
= ACcosf) — ACsinftan@
14+ p2 I 1+62L B 5
152"\ /14 p2 1-52" /14 p2
AB = /1 - L. (20)

This result is the same with the result from Lorentz transformation calculation.

Relativistic Correction on GPS Satelitte Page 3 of 11
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Theoretical 2: Solution
Relativistic Correction on GPS Satelitte

30GOR, INDONESIA

2. The figure below show the setting of the problem.

The line AB represents the stick with proper length equal L in the S frame.

The length AB is equal to 4/ ;g;L in the S’ frame.

The stick length in the S’ frame is represented by the line AC

Figure 2: Minkowski Diagram

ac=AB AT (21)

cos

3. The position of the particle is given by eq.(13).

Figure 3: Minkowski Diagram

Relativistic Correction on GPS Satelitte Page 4 of 11



1a™ Nsian PHYSICS OLYNMPIAD

, N
C 8 Theoretical 2: Solution

30GOR, INDONESIA Relativistic Correction on GPS Satelitte

Part C. Flight Time

1. When the clock in the origin time is equal to g, it emits a signal that contain the information
of its time. This signal will arrive at the particle at time ¢, while the particle position is at
x(t). We have

ot —to) = x(t) (22)

t—ty=— ( —1
02—
t=

gto :

(23)

When the information arrive at the particle, the particle’s clock has a reading according to
eq.(19). So we get

[

to2— 2o
Esinhg— 0

g c 21— o
1 t t
O:<go> go<+s h—)+s hg
2\ ¢ c
t
90 _ 4 —i—sinhg— + cosh 22 (24)
c c c
Using initial condition ¢ = 0 when 7 = 0, we choose the negative sign
t
go—1+ nh——coshg
c c
C gt
to = (1 - 6*7) . 25
p (25)

As T = 00, ty = g. So the clock reading will freeze at this value.

2. When the particles clock has a reading 7y, its position is given by eq.(13), and the time ¢t is
given by eq.(19). Combining this two equation, we get

2
x:c<,/1+sinh2970—1>. (26)
g C

The particle’s clock reading is then sent to the observer at the origin. The total time needed

for the information to arrive is given by
t = Ssinh I + z (27)
g c

- <sinh— + cosh@ — 1>
g c c
t=C <eg*° - 1) (28)

g
T0 = In <gt + 1) (29)
g c

Relativistic Correction on GPS Satelitte Page 5 of 11
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Theoretical 2: Solution
Relativistic Correction on GPS Satelitte

30GOR, INDONESIA

The time will not freeze.
Part D. Two Accelerated Particles
1. m=m.

2. From the diagram, we have

to — ct
tanf = 8 = d2m (30)
Xro — I
i [ g X[ —
1 E 1 1 1 1 J 1 1 1 1 1 1 1 1 1 1 E 1 1 1 g
05 10 1.5 20 25
X1 X2
Figure 4: Minkowski Diagram for two particles
Using eq.(13), and eq.(19) along with the initial condition, we get
c? 971
x] = — <cosh =— - 1> , (31)
g c
62 gm
Tg = — (cosh = - 1) + L. (32)
g c

Relativistic Correction on GPS Satelitte Page 6 of 11
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Theoretical 2: Solution
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30GOR, INDONESIA Relativistic Correction on GPS Satelitte

Using eq.(16), eq.(19), eq.(31) and eq.(32), we obtain

C o gT2 C o a7
c| €sinh 22 — £ginh £
gm (g c g c )
tanh = c? g2 c? gT1
c L+g(cosh?—l)—?(cosh?—1)
sinh % — sinh %

% + cosh 2 — cosh 2%

L T T
9—2 sinh In _ sinh g cosh gn _ cosh g2 sinh gn
c c c c c c
L T
9—2 sinh I = sinh 2 (12 —71) .
c c c

So C1 = 4.

3. From the length contraction, we have

L/ _ T2 —I1
gg!
Alf _ (dwadry  dw ) 1w —a1dy
d7‘1 N dT2 dT1 dT1 Y1 ’}/% dTl.
Take derivative of eq.(31), eq.(32) and eq.(33), we get
@ = csinh @,
dr c
d
a2 _ csinh @,
dro c
L d
gc—Q coshg—z1 = cosh% (1o — 71) (dz - 1) .
The last equation can be rearrange to get
dry %coshg—z1 41
d’Tl _COSh%(TQ*Tl) )
From eq.(30), we have
to — 1
xg—xlzc(2 1): ¢ = Esinhgﬂ—gsinh@ .
531 tanh 7t \ g c g c

Combining all these equations, we get

dL 9L osh 9L 1
! _ (c sinhI2_ & £ + csinh 972 _ cinp I
c

dm ¢ cosh? (1y — 1) ¢ | cosh 42
2
T T 1 1 . T
. (sinh 92 _ Ginh &> il 57 9 sinn I
g c ¢ / tanh = cosh® &L ¢ c
dLy gL  sinh?Z
dr, ¢ cosh (1 —11)°

(33)

(39)

(40)

(41)

Relativistic Correction on GPS Satelitte
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So Oy = 4&.

[

Part E. Uniformly Accelerated Frame

1. Distance from a certain point x, according to the particle’s frame is

T —x
L = L (42)
v
I gj (cosh% — 1) —zp
- cosh 91?7

2
2 <
C T +$p

gi7
g1 cosh #

For L' equal constant, we need =, = —<

2. First method: If the distance in the S’ frame is constant = L, then in the S frame the length
is

(44)

Figure 5: Minkowski Diagram for two particles

Relativistic Correction on GPS Satelitte Page 8 of 11
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So the position of the second particle is

T9 = 21 + Lgcosf (45)
2 2
t t
. 1+<g“> 1| +L 1+<g“>
g1 c c
2 £\ 2 2
vy = (C +L> 1+ <g“> — (46)
g1 c g1

The time of the second particle is

cta = ct1 + Lgsin0 (47)
1+ B
=ct1 + L
' 1—32\/1+ 5
L
cty =ty <c+ glc) : (48)

Substitute eq.(48) to eq.(46) to get

? g1 t2 Coe

Ty = ( + L) 1+ = - —=

g1 c 1+ 2z g1

2
2 2
t

x2:<c+L) 1+ (£ _2) & (49)

g1 1+ % c 31

From the last equation, we can identify
_ 9N
c2

As for confirmation, we can subsitute this relation to the second particle position to get
2 2 2
c t c
wy =y [1+ <g“> S (51)

Second method: In this method, we will choose g2 such that the special point like the one
descirbe in the question 1 is exactly the same as the similar point for the proper acceleration
g1-

For first particle, we have x,191 = c?

For second particle, we have (L + x,1)g2 = ¢?

Relativistic Correction on GPS Satelitte Page 9 of 11
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Combining this two equations, we get

2

C
go= T 7
L—Fgf1

g2 = 9
1+ 4k

3. The relation between the time in the two particles is given by eq.(48)

L
to =11 <1+912>
C

2 2 L
© s 27 = © i 07 (14 927
C

g2 c g1 c
sinh 9272 _ sinh gin
c c
9272 = 4171
d L
d7'1 g2 C
Part F. Correction for GPS
1. From Newtons Law
GMm 9
= mwr

r2

gR2T2 %
= (%)
r=2.66 x 10"m.

The velocity is given by

1
2rgR%\ 3
v =wr=
T

= 3.87 x 10°m/s.

2. The general relativity effect is

dr, AU
29 1422
dt +m02
ﬁ—l gR?R —r

i e TR

(52)

(58)

(59)

Relativistic Correction on GPS Satelitte
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After one day, the difference is

gR’?R —r
=4.55 x 107 °s.
The special relativity effect is
drs 12
Dls - 61
dt c2 (61)

After one day, the difference is

2
1 [(2mgR*\3\ 1

— —7.18 x 107 %s.

The satelite’s clock is faster with total AT = A1, + A7y = 3.83 X 10~ 5s.

3. AL = cA7r =1.15 x 10*m = 11.5km.

Relativistic Correction on GPS Satelitte Page 11 of 11
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Part A. Larmor Precession
1. From the two equations given in the text, we obtain the relation

dp
" B. 1
i QTS (1)

Taking the dot product of eq (1). with p, we can prove that

dp
L TR B
"o Y- (px B),
dluf* = 0
dt ’
p=|pu| = const. (2)

Taking the dot product of eq. (1) with B, we also prove that
dp

B- = —B- B
= 7B (1 xB),
dp
B- % — o
dt ’
B-p = const. (3)

An acute reader will notice that our master equation in (1) is identical to the equation of
motion for a charged particle in a magnetic field

dv q

— = —v x B. 4

dt m 4)
Hence, the same argument for a charged particle in magnetic field can be applied in this case.

2. For a magnetic moment making an angle of ¢ with B,

dp

= — B
., do .
plsing— = 7|u| Bosing,
o
== = AB,.
wo = vBo (5)

Part B. Rotating frame

1. Using the relation given in the text, it is easily shown that

dt rot dt lab

= —yuxB—-wk' xpu

= —yu X <B — wk')
Y

= =7 X Besr. (6)

Physics of Spin Page 1 of 5
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2. The new precession frequency as viewed on the rotating frame S’ is

>

(wo —w) K,
A = ~By-—w. (7)

3. Since the magnetic field as viewed in the rotating frame is B = Bok’ + bi’,
/ w / o/
B =B —w/~k' = <B0—>k + bi’,
y

and

Q= ’7|Beff‘7

. 7\/ (BO—:J>2+b2. 5)

4. In this case, the effective magnetic field becomes

Bt = B—-w/yK

= (BO - w) k' + b(cos 2wti’ — sin 2wtj’) (9)
Y

which has a time average of Beg = <B0 - %) K.
Part C. Rabi oscillation
1. The oscillating field can be considered as a superposition of two oppositely rotating field:
2b cos woti = b (cos wopti + sin wotj) + b (coswpti — sinwptj) ,

which gives an effective field of (with w = wp = vBy):
B = <B0 — w> k' + bi’ + b(cos 2woti’ — sin 2wptj’).
Y

Since wp > ~b, the rotation of the term b(cos2wti’ — sin 2wptj’) is so fast compared to the
frequency ~b. This means that we can take the approximation

B.g ~ <BO _ “) K+ bi' = bi, (10)
R

where the magnetic moment precesses with frequency €2 = ~b.

As Q = b < wyp, the magnetic moment does not “feel” the rotating component b (cos 2wpti’ — sin 2wgtj’)
which averaged to zero.

Physics of Spin Page 2 of 5
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2. Since the angle o that p makes with Beg
axis, « is also the angle between Beg and

From the geometry of the system, we can

0
2psin —
L sin 5

29

sin
1—cosf

2
cos b

cos b

stays constant and g is initially oriented along the z
the 2z axis which is

(11)

show that (cosf = p/u):

R0
244 sin o sin 5

Qt

2 O[Sin2 7,

sin
1 — cosQt
2

1 — sin? o + sin? a cos O,

sin? « ,

cos? a + sin? o cos Q.

So, the projected magnetic moment along the z axis is u,(t) = pcos @ and the magnetization

1S

M=Np,=Npu (cos2a+sin2acoth).

Note that the magnetization does not dep
value viewed in both frames).

(12)

end on the reference frame S or S’ (11, has the same

Taking w = wy = 7By, the angle a is 90° and M = N cos Q.

. From the relations

PT—P¢
PT+P¢

Physics of Spin
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we obtain the results (w = wy)

1—cosf
2
1 — cos

P =

2 2

o — sin“ o cos Qt
2

. o 1—cos€t
= sin a#

and

DR
ofy
off
w
5 F..
5
[=2]
3

Part D. Measurement incompatibility

1. In the z direction, the uncertainty in position due to the screen opening is Axz. According to
the uncertainty principle, the atom momentum uncertainty Ap, is given by

h

Az’
which translates into an uncertainty in the x velocity of the atom,

h

mAz’

Ap, ~

Vp R

Consequently, during the time of flight ¢ of the atoms through the device, the uncertainty in
the width of the beam will grow by an amount dx given by

t.
mAzx

0x = Avgt =

Physics of Spin Page 4 of 5
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So, the width of the beams is growing linearly in time. Meanwhile, the two beams are separating
at a rate determined by the force F, and the separation between the beams after a time ¢

becomes LF . iB
dy =2x =22 = — —
v 2m m 2z dx
In order to be able to distinguish which beam a particle belongs to, the separation of the two
beams must be greater than the widths of the beams; otherwise the two beams will overlap and
it will be impossible to know what the z component of the atom spin is. Thus, the condition

must be satisfied is

dy > ox,
iy ]dBtz S
m Hz dx mAx
1
7 |pz| AxCt > 1. (15)

2. As the atoms pass through the screen, the variation of magnetic field strength across the beam
width experienced by the atoms is

AB = Amﬁ = CAzx.
dx

This means the atoms will precess at rates covering a range of values Aw given by

Aw = YAB = %AB - “’g‘cm,

and, if previous condition in measuring u, is satisfied,
Awt > 1. (16)

In other words, the spread in the angle Awt through which the magnetic moments precess
is so large that the z component of the spin is completely randomized or the measurement
uncertainty is very large.

Physics of Spin Page 5 of 5
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WIND POWER AND ITS METROLOGIES (20 points)

A. Theoretical Background (1.0 points)

Al _Lpdm
(0.4 pts) Y2 dt
P =2 PAY;
2
n=3
A2 1 ,.v° AV
(0.4 pts) PR=EpA%(1+/1)(1—/12)=%(1+1—/12—/13)
di=0—>1—2/1—3/12 =0
di
a=2
3
A3 Betz efficiency:
0.2 pts
(0.2 pts) P:i _16 59260
Rvl, 27

B. The Wind Tunnel (3.2 points)

B.1 We move the motor generator blade manually, and the voltage at the opto-sensor
(0.8 pts) signal will increase every time the sensor hits the reflective sticker in the blade. This
signal provides frequency signal to the meter.
V(V)
B.2 P n n
W PAAV PaPVo
(24pts) | w P, 2P, M= o

Wind tunnel diameter: Dt = 13.5 cm.
A, =7R.*=0.0143m’,

InR, = InM+nlnv—> y =a+bx

w
From the plot and linear regression below we obtain the power factor:
n=23.0, in good agreement with the theory thus showing that the wind
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power Py ~ V3,

P
My :—ZAe?’ =2.8%

Results for full score / grading scheme (sampling from several setups):
nw =(3£2)%, to anticipate wide variability in motor quality.

Connection diagram:

n
A)

Vsre T <V>

Note that for best results the voltmeter has to be placed right across the motor to avoid
extra voltage drop across the ampmeter.

f V V | Pwm Inv In Pwm
(Hz) (m/s) V) (A) (W)
27.2 2.38 15.920 0.350 5.57 0.87 1.72
26.0 2.27 14.910 0.330 4.92 0.82 1.59
25.0 2.18 13.410 0.300 4.02 0.78 1.39
23.8 2.08 11.830 0.260 3.08 0.73 1.12
21.9 191 9.880 0.220 2.17 0.65 0.78
19.6 171 8.100 0.190 1.54 0.54 0.43
17.3 151 6.540 0.150 0.98 0.41 -0.02
19.1 1.66 7.370 0.196 1.44 0.51 0.37
17.8 1.55 6.490 0.172 1.12 0.44 0.11
15.6 1.36 5.240 0.142 0.74 0.31 -0.30
135 1.18 4.210 0.116 0.49 0.16 -0.72
11.2 0.98 3.240 0.089 0.29 -0.02 -1.25
95 0.82 2.630 0.068 0.18 -0.19 -1.72
6.8 0.59 2.390 0.044 0.10 -0.52 -2.26
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y=3.0319x -1.19

R? = 0.9968 Fan efficiency (%)

50

100 /
¥ v
-0.40 -0.20 0.00 0.20/%40 0.60 0.80

@

In PM
3

C. Ping Pong Ball Anemometer (3.5 points)

C.1 Force diagram at static equilibrium:
(0.7 pts)

taneziz—CD’oAABVm
W, 2mg g

V=m 2m—Bgtan 0
CopaA

C.2 Intan@:lnM

(2.8 pts) 2m, g
The deflection can be calculated from: tan & = Ax/h, where Ax is the
displacement and h is the height from the ruler. The cross section of the
ball is: A, =zd,*/4 where d, =0.0395m. In the tunnel the wind
velocity is given as (Eq. 4) in the tunnel v=c, f,, where ¢, =0.0873m .

+minv— y=a+bx

In this example we have:
m=b=22
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2m
c, =9 _ 040
Pahs
Results for full score / grading scheme (sampling from several setups):
m=2.0+0.3
C, =0.42+0.05
-2.0 T T T T T T T T
I y=a+b x
: a =-4.350 ’
-2.5_’ b=2.215 o* ]
o | r=0.997 &*
c I 3
8 30 L -
= - °
: @
- ®
-3.5}F ® -
l & i
_40 1 L 1 L 1 M 1 M 1 M 1 L 1 " 1
02 03 04 05 06 07 08 0.9
Inv
f tan 0 \V/ Inv In tan 6
(H2) (mf/s)
27.2 0.0848 23746  0.8648 247
26.0 0.0818 22698  0.8197 -2.50
25.2 0.0788 2.2 0.7884 -2.54
24.2 0.0667 21127 0.7479 271
23.6 0.0606 20603  0.7228 -2.80
22.2 0.0576 19381  0.6617 -2.85
21.4 0.0515  1.8682 0.625 -2.97
20.3 0.0455 17722 0.5722 -3.09
19.1 0.0394 16674 05113 -3.23
17.8 0.0333 15539  0.4408 -3.40
16.6 0.0303 14492 0371 -3.50
14.3 0.0212 12484 02219 -3.85

NOTE:

These values are in very good agreement with the theoretical and established value of
n =2, i.e. the drag force is proportional to the square of the velocity.

The drag coefficient Cp is in close to the ideal known value: Cp = 0.47 for smooth
ball with particle Reynold number Re ~ 10% — 10° as shown below. In this experiment
the maximum Reynold number is:
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_ pvDy  1.2x2.5x0.038
My 18.3x10°°
Discrepancy in our Cp values could be due to finite boundary of our wind tunnel.

Re, = 6240 (1)

Cd —— Smooth
2 - == Rough

Figure 1. Drag coefficient as a function of the particle Reynold number

D. Hotwire Anemometer (HWA) (6.7 points)

[D.1] Constant Temperature (3.2 points)

D.11 In the Wheatstone bridge we have:
0.4 pts
( g ) VW =VINP % = CIVINP

vV, 2 R,

c 2 c
ﬁ =(@+bv*)A, (T, -T) >V = C_ZAN(TW -T,)(a+bv")
1
2
Vi’ =%AN(TW “T)(@+bv*) =c,(a+bv°)

2
Where c, = @Aw (T, —=T,) is a constant.

A=c,a
B=c,b
V 2
D.1.2 y= (ﬂj —1 with V, = /A is the input potential when there is no
(0.3 pts) Vo
wind.
D.1.3 c=0.7+0.2

(2.5 pts)
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E =15+0.6
a
fM VinPUT \' Inv |n((V/Vo)2-1)
(Hz) V) (m/s)
25.70 1.785 2.244 0.808 0.546
22.40 1.740 1.956 0.671 0.464
20.80 1.737 1.816 0.597 0.459
19.70 1.710 1.720 0.542 0.407
15.83 1.615 1.382 0.324 0.209
13.30 1.560 1.161 0.149 0.079
9.76 1.464 0.852 -0.160 -0.181
7.65 1.390 0.668 -0.404 -0.426
y =0.8151x - 0.0628 CTA
R?=0.9922
0.600 )/‘/’
g 0200
B 0000 /
—32600 -0.400 —O.ZWOO 0.200 0.400 0.600 0.800
& 0.400
[D.2] Constant Current (3.5 points)
First we need to determine k and Ro.
D.2.1 K= aA,
(02pts) | "7 4
D.2.2 R, =(7.0£1.5)Q
(1.2 pts)
Vw lw Pw Rw
V) (mA) (W) (9))
0.109 14.7 0.0016 7.4150
0.153 20.8 0.0032 7.3558
0.225 30.1 0.0068 7.4751
0.308 40.3 0.0124 7.6427
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0.395 50.4 0.0199 7.8373
0.509 61.2 0.0312 8.3170
0.615 714 0.0439 8.6134
0.730 81.0 0.0591 9.0123
0.870 90.5 0.0787 9.6133
1.048 100.7 0.1055 10.4071
1.220 110.0 0.1342 11.0909
1.470 120.1 0.1765 12.2398
R
14.0000
12.0000 —
10.0000 M/
8.0000 Lz
6.0000
4.0000
2.0000
0.0000 T T T ]
0.0000 0.0500 0.1000 0.1500 0.2000
D.2.3 o VulwRy 1
(0.2 pts) y= vV
k| - -R,
IW
D.24 b
c=0.77+0.07
Va f v y In(v) In(y)
V) (Hz) (m/s)
1.41 0.498 0.711 -0.698  -0.342
1.33 0.821 0.991 -0.198  -0.009
1.30 0.945 1.134 -0.056 0.125
1.29 1.048 1.187 0.047 0.172
1.27 1.206 1.306 0.188 0.267
1.25 1.344 1.443 0.295 0.367
1.23 1.542 1.586 0.433 0.461
1.22 1.746 1.684 0.557 0.521
1.20 1.873 1.855 0.627 0.618
1.20 2.032 1.899 0.709 0.642
1.19 2.211 2.056 0.794 0.721
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1.18 2.406 2.148 0.878 0.765
1.18 2.492 2.162 0.913 0.771
oI CCA
= 0:400 e
< 0.200 ,/
-0.800 -0.600 MQOU,OLOO 0.200 0.400 0.600 0.800 1.000
In(v)

E. Wind Turbine (5.6 points)

E.l
(0.4 pts)

We use DMM in ohmmeter mode, we first measure the lead resistance
of the ohmmeter cables by shorting them to get the lead resistance.
Rpomm,o ~ 0.2 Q

Then we measure the resistance of the motor directly with DMM
several times, looking for its minimum values and subtract it with the
lead resistance Rpmm,o.

We get :
R, =(0.8+£0.2)Q

E.2
(1.2 pts)

To eliminate the contact or lead resistance we can perform:
(1) Two point resistance measurement at several lengths.
(2) Four point resistance measurement with current source (using
CCA box) ampmeter and voltmeter as shown below.

This yields:
A =(0.21£0.02)Q2/cm
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- —® ‘?
[ N
LT o
o/ o

CCA current source
(a) Two-wire method (b) Four-wire method

Method #1: Using two-wire measurement
6 T T 1 T T

y=a+b x o
a=042
b =0.208 o
41 r=0.993 .
a )
b ®
2
. 2:=0.208 Q2 /em
O PR B Lo o o o 1 o sl i -
0 5 10 15 20 25
/(cm)

Method #2: Using four-wire method at | = 250 mm.

V (mV) I (mA)
198.5 37.5
169.2 31.9
131.2 24.7
103.5 19.4

78.3 14.6
69.4 13

Nichrom length =25 cm

250

V= 5.2614x + 1.2869
200 R?=1 °

£ /
> 100 /v

50

1 (mA)

E.3 We vary the nichrom wire length and calculate the power output, we
(2.4 pts) | obtain peak at: R, =1.0Q
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Results for full score / grading scheme (sampling from several setups):
R e =(1.0£0.4)Q

RL,theor = Rwm

V(mV) I(m) R(ohm) P (mW)

14.8 2 0.42 0.522
23.0 3 0.63 0.840
29.5 4 0.84 1.036
34.5 5 1.05 1.134
36.9 6 1.26 1.081
39.0 7 1.47 1.035
40.1 8 1.68 0.957
42.1 9 1.89 0.938
45,9 10 2.10 1.003
46.5 11 2.31 0.936
48.2 12 2.52 0.922
49.9 13 2.73 0.912
46.0 14 2.94 0.720
57.0 20 4.20 0.774
AR=0.21 Q/cm

1.200

1.000 ”°,.¢...
__ 0.800 & *
% 0.600 ¢
= *

0.400

0.200

0.000

0 5 10 15 20 25
I (cm)

E.4 We use the optimum load by setting R = 1.05 Q or setting the length
(1.6 pts) | of nichrom wire at | =5 cm.

The wind turbine efficiency :

B VIR

Po  3Ps AV

where A, =z R? is the wind turbine cross section area with R = 55
mm, and v=c, f,, (EQ. 4) with c1 = 0.0873 m and fw is the frequency

of motor generator.

77\NT:

TSR:27[ fi R

¢, fy
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f|v| fT V1 TSR P+ Pw HwTt
(Hz) (Hz) (mV) (mw)  (mW) (%)
27.8 9.8 44.0 1.40 184 8148 226
27.9 9.7 44.0 1.38 1.84 8236 224
27.2 9.7 43.0 1.41 176 7632 231
26.3 8.8 40.0 1.32 152 6899 221
25.5 8.2 38.5 1.27 141 6288 224
24.6 7.7 34,5 1.24 113 5646 201
23.6 6.7 30.5 1.12 089 4985 178
22.3 6.0 27.0 1.07 069 4206 165
21.2 5.0 23.0 0.93 050 3613 139
21.3 5.1 22.9 0.95 050 3665 136
19.8 4.0 19.3 0.80 035 2944 120
18.4 3.1 14.5 0.67 020 2362 085
16.8 2.1 9.0 0.49 008 1798 043
2.50
R, =1.05Q o
2.00 —
D\E 150 | —’,’/‘
g s *
% 1.00 ’*,
0.50 -
0.00
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

TSR

Our turbine has range of efficiency <2.5% and tends to increase with higher TSR as
the turbine spin faster. Note that at some point this efficiency will drop, unfortunately
this is beyond the capability of our wind generator fan.



