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* Objective
* Faraday effect

* Experimental analysis
v' Magnet calibration
v’ Faraday rotation and the measurement of Verdet constant

v" The measurement of the angle of minimum deviation and the apex angle of the
flint glass prism

v" The measurement of e/m

e Results



1. Objective

To observe the interaction of light and matter, as
modified by the presence of a magnetic field, and to
apply the classical theory of matter to the observations.
You will measure the Verdet constant for this glass and
obtain the value of e/m, the charge to mass ratio for

the electron.



2.1 Faraday Effect

Presentation of linearly polarized light as a superposition of
circularly polarized components

E(x,t)=E,+ E,.
where
Ex,t) = 10, (47 2)cos[wl(t — nx/e)]. (47 2)smfw(t — nx/e)]}

and

Ex,t) = {0. (4/ 2)cos[w(tr — nx/c)]. —(A4 /2)smfw(t — nx/c)]}




2.1 Faraday Effect

Referring to the difference between the velocities for the right and
left circularly polarized waves, we replace n with nr and nl.

E(D,t)= {0, A cos[w(t— (n+ n;)D/2c)] cos[w(n; — n,)D/2¢].

A cos[w(t — (n,.+ nj)D/2¢)] sin[w(n; — n,)D/2¢c]}.




2.1 Faraday Effect

Addition of right and left circularly polarized components on two planes defined
by x=0 and x=D, respectively. Because nl > nr, El is more retarded in phase at x=D
relative to x=0 than Er, with the result that their sum at x=D is rotated clockwise
by the angle = (nl-nr)D/A

http://web.mit.edu/8.13/www/JLExperiments/JLExp08.pdf



2.1 Faraday Effect

* The Faraday effect at moderate field is quite small.
However in a typical D/A >>1, it could be sufficiently large
to be observed.
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2.2 Becquerel’s theory

* Experimentally, the Faraday rotation angle is
proportional to the product of D and the magnetic field

B.
®= VDB

where V is a proportionality factor called the Verdet
constant.



2.2 Becquerel’s theory

* Avarying electric field of
e constant magnitude E
chargeq rotating clockwise with
spring constant k

respectto B

—mw?r=—kr + Eq + Bguwic .

r=(Eq/m)/(wy? —w? — Bgw/mc) .
where

wp= (Km)l'2

n; — n.= (dn/do)(Aw; — Aw,) = (dn/dh.)(W.*/2rte)(Bg/mce).

http://web.mit.edu/8.13/www/JLExperiments/JLExp08.pdf



2.2 Becquerel’s theory

Faraday rotation

Verdet constant in Becquerel’s theory

X % V=¢/dB =- 1leAdn

RN/ VIl \/erdet constant in experiment




3.0 Set up
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2mc dA
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3.0 Set up

V- pap - Le A dn

2mc dA

:®- Index of refraction n




3.1 Magnet Calibration

\ 4
- >

 ’Ih'general, one should never interrupt a
cabration of 8 cunve wih it - magnet current suddenly by opening a wall
| switch or flipping a reversing switch.

* With the current set at 11 amperes measure
the field for three times between the pole 46
pieces from one side of the gap to the other """
along the axis of the pole pieces.

Model: f(x) = p1*x*2 + p2*x + p3
Coefficients (with 95% confidence bounds):
pl= -197.9 (-227.1, -168.6)

p2 = 3044 (2892, 3196)

p3= -32.65 (-195.8, 130.5)

R-square: 0.9994

Q> Not linear




3.2 Measurement of Faraday Rotation
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Gaussmeter fools us!
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3.2 Measurement of Faraday Rotation

B=4331.126Gs
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3.2 Measurement of Faraday Rotation

Verdet Constant
1600 1y = 2E-06x4 - 0.0048x3 + 3.8441x2 - 1367.3x +
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3.3 Determination of the Dispersion as a
Function of Wavelength

* Apex angle measurement

* 59058’ 120°1’ 120°0’

* Result
1.04766rac
1.04749rac
1.04720rac
A=1.04710 rad = 60°

http://phylab.jhun.edu.cn/Lesson/11072_1 f 2/fgjyuanli.htm



3.3 Determination of the Dispersion as a
Function of Wavelength

* Na source

2@ Width of the image!
‘®: Width of the image!

Color Wavelength | Angel of minimum | Refraction index n
deviation

Red(l, Il) 589.29
Orange 568.56

Green 498.15
Violet 330.06




3.3 Determination of the Dispersion as a
Function of Wavelength

* Hg source
Color Wavelengt | Angel of minimum | Refraction index n
h deviation

Yellow | 597.07
Yellow Il 579.96

Green 546.07
Light green 435.85
Violet 404.66




3.3 Determination of the Dispersion as a
Function of Wavelength
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1. We can see many but only strong of which matter.
2. To avoid error, | only consider Hg which has more samples.
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3.3 Determination of the Dispersion as a
Function of Wavelength
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3.3 Determination of the Dispersion as a
Function of Wavelength
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3.4 Measurements of e/m

Source Color dn/dA (10*nm) | A(nm) V (deg/T*cm) | e/m (10ic/kg)

Yellow (I, I1)

Yellow |
Yellow Il

Green

e/m =(1.17*-0.08) x 10*c/kg
The ideal value is 1.76 x 10*'c/kg
error 34%






Thanks

FIN.



