Answer Form
Experimental Problem No. 1
Diode laser wavelength

Task 1.1 Experimental setup.
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Sketch the laser path in drawing of Task 1d \Afite down the height of the
beam as measured from the table
h+Dh=(5.0+0.05° 10°m (0.25)
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Experimental setup for measurement of diode laser awvelength
Task 1.2 Expressions for optical path differences.

1.2

The path differences are

Case I: (0.25)

D,(n) = (BF + FP)- BP=(L, - Ly)+4/L2+L4(n)- 4/L3 + LA(n)

L%(n L% (n
=L, - L)+ Lo\/1+ L) Lb\/1+—RL(2 )

0 b

using « H x »1+%x

1L%(n) 1L%(n)
»(Lb_ LO)+LO 1+ERL—% - Lb 1+§T_—i
1., 1 1
D,(n)»=Ls(n) —- —
(> 2L -
Case Il: (0.25)

D,(n) = (FB+BP)- FP=(L,- L) +4/L2+L2(n)- /2 +L2(n)

2 2
> (Ly- L)+ La\/1+ b Lo\/1+ =i

0

a

using v ¥ x » 1+%x

2 2
»(Ly- L)+ L, 1+1LL_(2n) - L, l_,_ll-l_(zn)
2 L 2 L2
1 1 1
D,(n)» =L?(n) —- —
||( )»2 L( ) L L
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Task 1.3 Measuring the dark fringe positions and loations of the blade

Use additional sheets if necessary.

TABLE |

n (Ig(M=0.0)"10° m| (I.(N)*0.)" 10° m Xg X0

0 -7.5 1.1 0.791 0.935
1 -10.1 3.7 1.275 1.369
2 -12.4 6.4 1.620 1.696
3 -14.0 8.2 1.903 1.968
4 -15.6 10.0 2.151 2.208
5 -17.2 11.4 2.372 2.424
6 -18.4 12.2 2.574 2.622
7 -19.7 2.761

8 -20.7 2.937

9 -22.0 3.102

10 -23.0 3.260

11 -24.1 3.410

1.3 Report positions of the blade and their differewt& higher precision: 3.25

L, +DL, =(653+1)" 10° m (0.25) LABEL (l) (measuring tape)
L, +DL, =(628+1)" 10° m (0.25) LABEL (l) (measuring tape)

d=L,- L,=(24.6+0.1)" 10° m (0.25) LABEL (H) (caliper)
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Task 1.4 Performing a statistical and graphical anlgsis.
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A procedure:

From the condition of dark fringes and Task 1.2 haee

Lol 1.5,
2 L, L, 8
and
ELZL(n)i_i = n+Z/
2 L, L, 8

Using (1.5),Lz(n) =1;(n)- I,z and L_(n)=1_(n)- |, we can rewrite
1 21 1 5
—(Iz(n)- 1 —-— =n+=/
S0 ) [ = g

hdn):\/% \/n+g+|0R

Lb'Lo
and
1 21 1 7
=(I, (n)- 1 — - = =n+-=/
R (Lo ) o =g
2L.L 7
I (n)=,—2=2/ n+—=+I
() \/LO_La \/ gt

These can be cast as equations of a straightylmeyx + b.

Case I:
/ 5 2L L
y = Xo =a/N+— m, = b=0 b, =1
R R R 8 R I—b'l—o R OR
Case ll:
7 2L L
y, = X =4/n+— m = a0 / b =1
L L L 8 L LO' La L oL

Perform least squares analysis of above equatiofi@ble |, we write
down the values; and x, .

One finds:
m, = Dm, =(- 6.39+0.07) 10°m

m, +Dm, =(6.83+0.19) 10° m

3.25
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and (values ofl; andl,, )
log + Dlog =bg + Db, = (- 2.06+0.17) 10° m
lo. £Dlg, =b +Db_ =(-5.33+0.36)" 10° m

The equations used in the least squares analysis:

N N N

N X, Yn - X, Yne

with N the number of data points.
The uncertainty is calculated as

2 N

2
S , (Db)zz% X2 with,

oy =N

n
n=1

s?=_1_ ) (v, - b- mx,)’
N - 2n:l "

REFERENCE: P.R. BevingtoData Reduction and Error Analysis for

the Physical ScienceMcGraw-Hill, 1969.

Task 1.5 Calculating / .

15

From any slope and the value lof one finds,

— Lb - La mémf
2L, L, mi+m?

Using the suggestion to replade=L, - L,, we can write

d mm?
2L, L, mZ+mf

/ +D/ =(663+25)" 10° m

2.0
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The uncertainty may range from 15 to 30 nanometers.
A precise measurement of the wavelength #sD/ = (655+1)" 10° m.

The formula for the uncertainty,

5 2 2 2 2
o= ¥ opgee 7oz T2y Mgy Iy
’/U ,/La ,/Lb ,/TnR ,/TnL

one finds,

A

no_1 7l _om ]
L, L L

2 2
fme Mg m_+mg

= L and
La

o~

”
/s
and analogously for the other slope.

One can calculate directly these quantities. Howewge may note tha
the errors due td,, L, andd are negligible. Moreovem? » m and
L, » L, . This implies,

/A / 7

»—>»

fme my  fin

. Thus,

D/ »+2-"Dm, » (25" 10°) m
rnL
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