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TasBLE I.

5,461 ' 4339. 4047, 3,650. 3,126, - 2,535,
Volts ﬁEE :g Volts -:EE Volts, Dnﬁi;:?” Volts. DIEE;E" Volts D;an " Volts D,gf,;“*'
= I a
2.257 | 28 [1.581 | 44 |1.576| 82 1.157 6714 .5312' 52 —. 0576 | 68
2,205 | 14 ;LI.»'.SEEI 200 | 1.524 . 55 1195 | 36 5288! 20 +.0576 | 38
2.152 7 ;1.5?6 10 [1.471 36 1.0525 19 4765 12 +.1620 | 26
2,100 3 |1.524 4 1.419;j 24 1.0002 | 11 42421 5 +.2670 | 1614
o 1.367 | 3 ) ._‘_5_._?_4’?3 | 4 +37181, 214 -}—.3?2 ) B_
TasLE III.
" e | wen e s
Valts Def'n Volts Def'n., | yolts, | Pef'n, Volts Def'n., | yoits, | Def'n,
mm min. N ]'.Ilm.._ ) _E'.Im. B mm.
—6.00 |1,300.0 —6.&0051,95[).[} il—w(i.ﬂﬂﬁ ﬁ,OUU.l}E —6.000 |6,000.0 | —6.000 | 3,500.0
—1.200 10.0 |—1.087 | 21.5 | —0.680 19.0 | — 077 16.0 [+0.736 18.0
—1.153 5.7 |—1.027 10,5 |—0.628 9.5 .000 6.3 [+0.777 10.5
—1.103 2.71—0.984 6.7 |—0.575 5.0 + .058 2.3 j-|—0.814|' 6.7
—1.058 1.7 |—0.941 3.5 |—0.539 2.7 4+ .100 1.1 40.873 4.0
—1.000 1.1 |—0.900 2.5 0.495 1.5 4 .151 J 5 1+3.928 2.0
— 950 0.6 |—0.845 1.0 0.437 6 4 200 2 40969 1.0
— 870 0.5 |—0.793 | 0.5 0.390 2 +1.019 0.5
—0.737 | 0.25 +1.069 0.0
| f [ |+6.000 0.0
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Linearization




Plotting Experimental Data

Stopping
voltage

-2.100
-1.524
-1.367
-0.9478
-0.3718
+0.3720

Wavelength Frequency

5466
4339
4047
3650
3126
2535

5.488
6.914
7.413
8.219
9.597
11.834



Possible Ways of Plotting
(a) Not acceptable
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(b) Barely acceptable
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(c) Better
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(d) Acceptable good in aII respects
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(e) Unnecessary detail or embellishment
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(f) Axes too long
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(f) Axes tick marks are

inconsistent and clumsy
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Linearizing Plots: Cooling Objects

Forced convection and natural convection plot
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Light Bulb (Power Law)
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4.5

Lognthmic plot for finding the value of gamma

log(P) =10g(C) +4y log(R) 4 *

Y

350 A i
&
Slope 7
3t A
y=075
n i
25F it
.-'/i
.-"'I..

= A

15t
L
1 | | | | | |
5.6 5.8 6 6.2 6.4

.-.--.
r
._,.'"

Log(R)




Piecewise graphs (voltage across capacitor)
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Resistance (ohms)

Extracting regimes of diverse
behavior from a graph
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Nitrogen level
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Controlled Discontinuities in experiments (example 2)
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When does a model breakdown?

Hall probe

-

Vary the position of | X = Magnetic Axis
Hall probe along

X-axis
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Fitting Experimental Data to a Model
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Best fit in the least squares sense
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Least squares curve fitting is minimization of S

B 23 [x (¥, ~mx —c)] =

s (animzion
Minimization
Q:—ZZ(yI mx. —c) =0
Simultaneous
Zy, X _X) Equations
20

C — — Detailed derivation (Available in the
Data Processing Guide on the Physlab
website).




Uncertainty in the least-squares fit
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Uncertainty in slope and intercept
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How Does Uncertainty in Data Creep in?
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Concept of weighted fits Measurement

of heat
capacities
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Formulas for weighted fits

Slope and intercept

O Xw; Yawi(zys) — i (wis) X (wsys)

= Yw; Xi(wx?) — (Bjw;x;)? ’
- E-ﬁ(wiﬂ?g) Yi(wiys) — Li(wiz;) Xi(wizy;)

dW;

e \/Eiwi EE(‘IUIIE) — (Eiwi-_:rg-)? j

72)

i

Ei(wz-
u, = !
E{Uji_ Ei(wiz}:?) — (Eﬂﬂiiﬂi)g

EE'T_U.J: Ez(wlmf) = (Et--w.ﬁi)ﬂ

Uncertainties
therein



Sample Work from Students of PHY100/200

SR () [P ) IR
§, = DN+ (1 28)
,.,S" (7_?.5\3(\)-:&3) MERTY e Lol = 6w
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cle;

clear alil;

cloge a1l

v=[{90:5:130] ;

Y= [B.379,8.555,8.90B,9.408,10.525,11.554,13.3476,13.5534, 13.818];

x2 = 1.%2;

plot{v,x2,'.')

dr = {0.282,0.0882,0.1323,0.441,0.3382,0,4263,0,5630,0.20433,0.26019}; %uncertainities¥
in x

a = v, 40.01; %Um ratinga of v

P = sgrt{{0.3).%2 + (a}.*2); juncerteinities in v

g= (2.*y).%dr; funcertainities in r square by formula deltag = 2rdelrvar
Utrans = 0.32,%p; tOtrans 0.32 ig alope from graph

Utotal = sqrt({q)."2+(Utrans).*2); ¥Wncertainities of rsguare aftér transformation

w = 1./(Utotal."2) sweight of uncertainitiss

%caleulation of final slope fn

W2 o= A2, v sguare
sumw = sum(w); fsum of weights i
Pr_Vr2 = v.*r2; $product of xy i.e v and T asquare =3

Pr_w_vrZ = w.*pr_wr2; Sproduct of weight and product of xy i.e v and r sguara
sumpr w vr2 « sum(pr w vr2); %sum of product of above two

Pr_ww = w.*v ; § product of weight and valtage
sumpr_wv = sumipr wv); % sum of product of welght and voltage

Pr wr2 = w.*r2 ; 4 product of weight and r pgaguare

sumpr wr2 = sum(pr wr2); % sum of plroduct of weight and r sguare
Pr_wvZ = w,*v2; § product of weight and v square
sumpr_wv2 = sum(pr_wvz); ¥ sum of product ©f weight and v sguare

sumpr_wv_2 = {sumpxr_wv)."2; ¥ sguare of sum of product of weight and voltage

nume={ {sum(w) ) .* (sum(w, *{v.*r2) }})-{{sum(w.*v)) .*sum(w.*x2))
denom={ {sum(w) } . * (gum(w.*{v."2) ) }) = { {sum{w.*v}) "2}

um=gqgrt {eumiw) . /denom) .
£inal m = nume/dencm A

% caleulacing ¢
nuge ¢ = (((sum{w.*(v."2})) . *sumiw,*r2))((sumi{w.*v) ). " (sum{w.* (v.*x2) )] }}
final_c = nume_c/denom '

uc = sqre({sumiw.¥ (v, 2]} /denom)

Y = {({final_wm) .*{v}}+ final_<:
haald on



Uncertainty in radius= 0.005/16)0.5=0.002

( nn_‘_.b im‘iwru\x)

\ CcALCUL Aot
cycle Height [m) Deita h {m) N Defta £ (Joules} | W avg =
' [radfsec”2)

1 0.61420 0 7.797 0 5.065

2 0.57090 0.04300 7.247 0.04250 4.816

3 0.53480 0.03610 6.783 0.03540 4,546

q 0.50840 0.02640 6.454 0.02590 4.676

5 0.47060 0.03780 5.974 0.03710 4.267

B 0.45560 0.01500 5.784 0.01470 4,148

7 (.42510 0.03050 5.396 0.029%0 1.904

8 0.41010 0.01500 §.206 0.01470 4.148

3 0.39180 0.01830 4,974 0.01800 3.569

10 0,37480 0.01700 4.758 0.01670 3.220
-

Uncertainty in height= 0.00005/(8)*0.5 {arads) ttyrend)




height loss of the mass hanger with time
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Intensity (V)

Plet of Intensity Vs Angles with errorbars
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