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The James K. Binder Lectureship in Literature

In commemoration of the 400th year anniversary of Galileo’s telescope, the Literature Department is pleased to present...

MARIO BIAGIOLI

® Inventing Invention: Galileo’s Telescope
TUESDAY, May 4, 2010 Between Science and Craft

Galileo's name is routinely associated with the telescope, and vice versa. As obvious as

S:00/p:n: this link may sound today, it is in fact the result of historical narratives - narratives initi-
ated by Galileo himself. He did not invent
the telescope but Galileo's telescope. His
instrument, Galileo intimated, was different
The Atkinson Pavilion at the from all others because of the way it had
Faculty Club been invented (through theory, not '
n haphazard practice) and because of the un-
UC San Diego

precedented astronomical discoveries it
made possible: the irregularities of the lunar
Followed by a reception surface, the satellites of Jupiter, and many
more fixed stars. Galileo's claim to the
inventorship of the telescope was therefore
tied - necessarily so - to what he presented
as the unique features of his instrument and
the modalities of its invention. In the
Binder Lecture, Professor Biagioli will
Free and open to the public argue that Galileo constructed his originality
and that of his instruments through narra-
tives that were themselves original, in a
variety of ways.

The lecture will be in
English




2Day in 2DL

Questions/Announcements

HW due in lab this week

Special Topic: Franck-Hertz: Using Data Acquisition to
improve your life.




New Today Ch 8

« Ch 6,7 Review
« Ch 8 = Least Squares fitting




A student makes several meaSl!rrelmaeIIltseoé Q;!;Bcleqz and determines
R=3.5Q and og=0.2 Q.

Write an expression for the probability of obtaining a
measured value between R and R +AR.

What is the probability of obtaining a measured value
between 3.35¢2 and 3.8€2?

R,*AR
~(R-3.5)*

2022 JR ~(x-X)?

p=_____
0.2v/21 Rfo Gy, = e 2%

- 3.5-3.35 _ 075
0.2

t2=3'8_3'5=1.5 |
0.2

2.5 3 3.5 4 4.5




Table A. The percentage probability,
Prob(within t0) = [ oGy x)dx,

as a function of . X~10 X X+to
() o0 o001 o002 003 o004 005 006 007 008 009
_ 0 000 080 160 239 319 399 478 558 638 7.7
t=1.5 1797 876 955 1034 1113 1192 1271 1350 1428 1507
2 1585 1663 17.41 1819 1897 1974 2051 2128 2205 2282
3 2358 2434 2510 2586 2661 2737 2812 2886 2961 3035
4 3108 3182 3255 3328 3401 3473 3545 3616 3688 37.59
5 3829 3899 3969 4039 4108 4177 4245 4313 4381 4448
6 4515 4581 4647 4713 4778 4843 4907 4971 5035 S0.98
7 S161 5223 5285 5346 5407 5467 5527 5587 5646 57.05
8 5763 5821 5878 5935 5991 6047 6102 6157 6211 6265
9 6319 6372 6424 6476 6528 6579 6629 6680 6729 6778
o (6827 6875 923 6970 7017 7063 7109 7154 7LY9 7243
17287 7330 7373 7415 TAST 7499 7540 7580 7620 76.60
2 7699 7737 7175 7813 7850 7887 7923 7959 79.95 8029
Then divide by 2 3 8064 8098 8132 8165 8198 8230 8262 8293 8324 8355
4 8385 8415 8444 8473 8501 8529 8557 8584 8611 8638

and add to v

. 1.5 8690 87.15 8740 87.64 87.89 8812 8836 8859 88.82
previous 16 8904 8926 8948 89.69 8990 90.11 9031 9051 9070 90.90
17 9109 9127 9146 9164 9181 9199 9216 9233 9249 9265
(t=0.75 sigma) 18 9281 0297 9312 9328 9342 9357 9371 9385 9399 94.12
19 0426 9439 0451 9464 9476 9488 9500 9512 9523 9534
probability. 20 9545 9556 95.66 9576 9586 9596 9606 9615 9625 9634
21 9643 9651 9660 9668 9676 9684 9692 9700 9707 97.15
22 9722 9729 9736 9743 9749 9756 9762 97.68 9774 9780
23 9786 9791 9797 9802 9807 9812 9817 9822 9827 9832
24 9836 9840 9845 9849 9853 9857 9861 9865 9869 9872
25 9876 9879 9883 9886 9889 ‘9892 9895 9898 99.01 99.04
A P e Watel FaTaWaTey o019 no 18 0017 a0 2.0 0022 Q024 QQ 24 QQ 29




Chapter 7 Averaging Data

* Random Errors can be reduced by
repeated measurements.

The best estimate of the true value
of a measured quantity is the |

average (mean). X=— X

We can also estimate the RMS =~ | = .

error from the set of R T ¥)
measurements. O,

6_ ——_—
We can then compute the error on * n

the mean which decreases with the
_— If o, is 1 mm, how many times
numbel‘ of measurements. must I measure to get a 0.2 mm

error on the mean?




New Today Ch 8

* Ch 8 = Least Squares fitting




LEAST SQUARES FITTING (Ch.8)

30 —

10

15

.

y(x) = Bx

Purpose:

1) Agreement with theory?
2) Parameters

20 25




Least Sq. Fits : Derived from: yz TEST for FIT Ch 1 2
N
E(yj_f(xj))2 NO—2
2 =1 ~ —
X" =~ 2 =—— =N
o, O,
o 52 _ X_2 =1
R ;
= t d\# of degrees of
10— freedom




LEAST SQUARES FITTING |

y=A+Bx+Cx2+Dx3+...+ ZxN

minimize == E(y f(x ))
b

DRV J) YIRS B TR

=0 =0
04 0B aC

q A,B,C...




y(x)

y =f(x)

" S6,-16)

o,

X

.’ oy
. e 4 _0 X
2. Minimize 2 94 B =0
llllllllllllllllllll

10 15 20 25




LINEAR FIT

y(x) =A+Bx:
velocity at const acceleration
Ohm’s law
i many other...
i x1 |yl
X2 |y2
i x3 |y3
x4 |y4
---------- x5 |y5
x6 |y6
'l'l'l'lTl'l'l'lTl'l'l'lTl'l'l'lTl'l'l'l"
15 20 25




LINEAR FIT

y(x) = A +Bx

x1 |yl
x2 |y2
x3 |y3
x4 |y4
x5 |y5
x6 |y6




LINEAR FIT

y(x) = A +Bx x1 y1
x2 |y2
x3 |y3
x4 |y4
x5 |y5

y=9+0.8x x6_|vé

Assumptions:

1) ox;<<9y;; dx;=0

2) y;— normally distributed

20 25 3) O;: same for aIIyj




y(x)

minimize ->2[y,--(,-)]2

U =

20 —

10 -

LINEAR FIT: y(x) = A + BX

i :I:Y4'(A+Bx4)

Assumptions:
0X; << dy;; 0x;= 0

y; — normally distributed
o;: same for all Y




y=-2+2x

10

LINEAR FIT

y(x) =|A +Bx x1 y1

true value f x2 y2

of y x3 |y3

E x4 |y4
x5 |y5

y=9+0.8x X6 |y6

Assumptions:

1) ox;<<9y;; dx;=0

2 y 1y distributed

15 20 25 3) Oj same forally;
X




LINEKR FIT: y(x) = A + Bx

30

() = v)
;o_ Prob(yj )oc gexp 20;
" 1[G, -4a-Bx,)
= —exp -
0_o 5 10 15 20 25 Oy I 20y

X

Prob(yl,yz,...yN )= Prob(y1 )x P1rob(y2 )x...x Prob(yN )

1 _(yl_A_Bxl)z+..‘+_()/N_A_BXN)2

= exp
ol 20 i 20°

y
1 N —-\y,-4-B.
=—0Nexpz (VJ 252 j)z

Jj=1 y

Best estimates of A&B > max Prob(y,...y,) 2 min Z[yj-(A+ij)]2




LINEEPZR FIT: y(x) = A + Bx

In Taylor p. 197

30

20 -

y(x)

10—

0T
0 5 10 15 20 25

Z zyf z ijyj
az(y‘/—A—ijy _ NEx —(Exy
‘“ o=
aE(yj—A—ijy=0 3 NY»xy - Y,

o DR

Best estimates of A&B > max Prob(y,...y,) 2 min Z[yj-(A+ij)]2




LEAST SQUARES FITTING

Ttle ¢ \/ol’raac ve. Time

m A
0.6
1 =
05 o Data: Data1_A
n_j T_hls |SJust_ ok, b_ult ~—Model: VO*exp(-x/D) +- Gy FurcH
1 hides details of fit Chir2|k 0.37709 4 goodness of it
o 044 W Vo 0.5484  0.00748
% tD 86.36522 2.28819
=3 ]
o 034 [T .
) W Better to put in linear form:
S % o~ InV=In(V.)-xit
> 024 L o T
w
0.1
1 Tl ¥ T T T I T T Tz & ol r 1
-20 0 20 40 60 80 100 120 140

Time (microseconds)




Here's our “final” example of the
general technique when fitting for

Voltage [mV]

Voltage Across Resistor

10.0 -

9.0

?:8 :_l Pink: Voltage = 2.1*Current L //

6.0 > ]

40

30 —— d o Measured Data

2 ~—Least Squares Fit From[—

DO T T T T T 1 1 - !
4.

0.0 0.5 1.0 1.3 20 23 3.0 3.9 40




Fitting Voltage Data to V=IR

2
oy _ 0
OR
IMPLIES :

N = number of data

points. In this N

example, N=4
E I ,'I/,' See Taylor
R = N Problem 8.18
N
I’
Voltage Across Resist z Don,t Use Linear fit With A=0.’
= Pink: Voltage = 2.1"Current | - J/ /% ’




What is the Error on the Best-Fit
Parameter R?

Our general formula, which always applies, is:

oRY , (orR) , R ,
Cr=.— |0 + oo+ c
v, n\aw, ) v, |

aRY L(or)
ince: — | =I}|—| =1}
Since: [aVl J 1 (aVN } N

and : o, =1mV

‘\v.
Putting it all together: | ImV > I} Check units are right, error
i ] has same units as R.

50:0, =—




LEAST SQUARES FITTING EXAMPLE

ourrent [mA] voh m' volheenof m voltag mmuled m

10 1.2

20 4.0 0.3 43

30 60 1.0 7.0

10 20 0.0 2.0

this is "x" 4 this is "y* this is "o
| This is the true sional I T_ This is the true signal with
Our model: [v=bk | error (uncertainty).
| RfromFit  R=Fixy)Ehx) 210

I\‘l What we would measure in real-life

Error in R comes from partial derivative of numerator with respect to y, only

Errorin R 0r=0y\(x%) 020
10,0 - Voltage Across Resistor
90
s ?8 _l Pink: Voltage = 2.1"Current [
E 50 — -
‘;; 38 e o Measured Data
20 — Least Squares Fit From———
1.0 ICurrent [mA]'— Equalions I
0.0 1 v T T
4

00 0.5 10 1.9 20 23 3.0 3.9 40

5




LEAST SQUARES FITTING |
y=eAx y=A+Bx+Cx2+Dx3+...+ ZxN y=f(x)

minimize == E(y f(x ))
b

az(yj_f(xj)) ajzi(yj‘f(xj)) a;(yj‘f(‘j)}

=0 =0
04 0B aC

q A,B,C...




qgq=x+A Il g=Bx Il q=x+y Il general case

—-X

normally B
distributed ™% Prob(x) o ¢

prob(q)= prob(x=g-A) « exp[_

Gx,o

| J l v l v l
0 20 40 60 80 100 120




q=x+A Il q=Bx Il gq=x+y Il general case

-X

2
prob(x) o ¢ 262 normally

distributed '_ (q_;\:
prob(q) = prob(x=q/B)x exp B ) o2
= exp _Q_Bx%gzoz




q=x+A |l g=Bx lllq=x+y Il general case
prob(x and y) = prob(x)*prob(y)l

X=y=0

2 2 -—X2
- - rob(x) o exp|—;
prob(x&y) « ex ex P 2
(x&y) o exp % p 20" 20
[ [ 2
= exp l(x— o) prob(y) o exp| == ]
2loc? o7 202
x v ) | <9y

PP _Go) | B4y Gy
A B A+B AB(A+B) A+B

2
prob(x&y) « exp[ (x+ 4 )2 _Z

)

prob(x+y and z) « exp[— 2(x * y)2




GX,O.Q

—>

=x+A ll g=Bx [l q=x+y Il general case

GY+X,0

Gy,




q=x+A Il g=Bx Il q=x+y Il general case

axy) = qley ) + (Z—Z}(* ik (3—;]:_

—)
_y)

fixed
number

fixed
number
normally distributed
with o,
a_qo'x a—qo‘
ox ady




How DAQ can simplify your
(experimental) life.




--Atom collisions overhead!

Inside a
Fluorescent
Lamp

Electrode Starter Phosphor

Switch Coating

Glass
Tube
ST ¢ " Electrode
AC SUPPLY Intornal
ernal
Phosphor Inert Gas
Coating Mercury
How the Starter Switch Works ©2001 HowStuffWorks
@ e @ ;tA !
OW OONH
Initial current Heat !vom The bimetallic strip DRHH NO 1'"‘
causes electrical arc the light cools and returns to I(“]Q 43 1"3 am
between electrodes, blmat.lllc strip, its original position. Bn l!o W
which fonizes gas.  closing the switch,  Current flows through NO'I
which turns off the ionized gas in
the starter light.

the tube.

® o@

<& a4




Franck-Hertz Experiment : A prelude

Bohr Atom : Discrete orbit > Emission & Absorption line

(a) (b) Y

classical

Bohr's
quantization

nh
= . n

ke
n =1= Bohr Radius «,

n=4

n=23

. T P
Ultraviolet | Visible | Infrared

it

E Paschen
2] series
g
<)
2
=]
=
Balmer
series
al§
3|8
‘2l =
gl
=19

Ground state

Lyman
series

13.6 ¢V

12.8 ¢V
12.1 ¢V

10.2 eV

0eV




Franck Hertz Experiment: Playing Football !

Inelastic scattering of electrons
Confirms Bohr’s Energy quantization

Electrons ejected from heated cathode
At zero potential are drawn towards

the positive grid G. Those passing thru
Hole in grid can reach plate P and cause
Current in circuit if they have sufficient
Kinetic energy to overcome the retarding
Potential between G and P

Tube contains low pressure gas of stuff!

If incoming electron does not have

b) .
L’;gg{g:g Electron enough energy to transfer AE=E,-E; then
o— _ gg;;emg Elastic scattering, if electron has atleast
; -o— KE= AE then inelastic scattering and the
Q electron does not make it to the plate P

- Loss of current

Proton




(J) Franck & (G) Hertz Experiment

Current decreases because many
Electrons lose energy due to inelasti
Scattering with the Hg atom in tube
And therefore can not overcome the
Small retarding potential between
G->P

The regular spacing of the peaks
Indicates that ONLY a certain quanti
Of energy can be lost to the Hg ato
AE=4.9 eV.

This interpretation can be confirmed

Observation of radiation of photon e

E=hf=4.9 eV emitted by Hg atom w
V, > 4.9V




m+m

‘PO%% o8

Before Aftar
Momentumn my vy (m1 + mg)vg
: 1 2 1 2
Kinetic energy > m, V1 > (m1 + m2)v2
From conservation of momentum:
m
- N
M= (Mg + My, = v, = — —V

1

2

Ratio of kinetic energies before
and after collision:

KE; m,
KE

i m 4t m2

Fraction of kinetic energy

lost in the collision:
KE, - KE;

KE;

m,

m1+m2




Electronic Measurement using
Digital to Analog Conversion

Data Acquisition
and Analysis
Hardware

: 5 @National Instruments.

Personal Software
Computer

vols

volts

\ Y o o Adequately Sampled
\ [ 1L \ waveform after low pasg filter :
\ [ ] f waveform as geen from Labview
o Sampling \ i \ j
\ \ \ D 3 /

Aliased Due to Undersampling

4

Time

®National Instruments




digital

@National Instruments

TINE DI output
10 11
2 11 110
. 100 IDI
ADC
> > 100
o1
010
oo1
101 000
b2b1b0
Amplitude
10.00
8.75
7.50
6.25
5.00
3.75
2.50

4/8 8/8FS




®Nationsl Instruments.

Lusiche of e Conmpoues

Local Bus connection

Data
Acquisition
board

Breakout box

Multiplexer

expansion

cable
connes

€50 0.0 750 200 230 00 ¥,

®National Instruments




Franck Hertz DAQ

*Program
(called a “.vi”
file) is on
Floppy drive.

*Save data to
hard disk, on
desktop.

*Email
yourself the
data from IE

*Save channel
1 data
(acceleration
voltage)

*Channel 2 is
current,
measured as
a voltage

Accelerating var
Aogesierating voltage,
olts/dly




