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Experimental Techniques
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How should uncertainties in an experiment be reported?
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How many significant figures for uncertainty? — —
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what’s wrong with this estimate: /V
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(measured g) = 9.82 + 0.02385 m/s”.
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These are ‘rules of thumb’ — should use best judgment
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Significant figures of the estimate is determined after uncertainty

what’s wrong with this estimate:

measured speed = 6051.78 =30 m/s ~J LOY O = 30
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One caveat
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Scientific Notations

measured charge = 1.61 X 107 + 5 X 10~*! coulombs.
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Quick Check 2.2. Rewrite each of the following measurements in its most
appropriate form:

(@) v = 8.123456 + o.o%s

(b) x = 3.1234 X 10* £ 2 m

(0 m = 5.6789 X 1077 = 3 X 1077 kg.
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Discrepancy

The difference between two measured values of the same quantity
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Discrepancy

Student A: 15 = 1 ohms
b 30
E pRrrY
Student B: 25 #+ 2 ohms, =~ 20 1o
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Discrepancy

Student C:

Student D: 26 + 9 ohms.

Is it significant?
Why or why not?
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True Error
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Example: Experiment for measuring a quantity with a known value
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Example: Experiment for measuring a quantity with a known value

H: the measurement with be equal to the known value

{c
A’s measured speed = 329 *+ 5 m/s, 340 1
B’s measured speed = 325 = 5m/s, Z 330 & accepted value
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Example: An experiment comparing two measurements
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Example: An experiment comparing two measurements

H: the measurements with be equal

Conservation of momentum states total momentum of isolated system is constant

We can use an experiment with two measurements to confirm theory.
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Example: An experiment comparing two measurements

H: the measurements with be equal

b6
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Example: An experiment comparing two measurements

H: the measurements with be equal

)
|

initial momentum p = 1.49 + (.03 kg'm/s

final momentum g = 1.56 * 0.06 kg'm/s.

Does the data support our
hypothesis? Why/why not?
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Example: An experiment comparing two measurements

Another way is to subtract p - g — the result should be zero!



Example: An experiment comparing two measurements

Another way is to subtract p - g — the result should be zero!
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Single measurements are not reliable!

What is the best way to display repeated measurements?



—

What is the best way to display repeated measurements? $

A}

Table 2.1. Measured momenta (kg-m/s).

'L Lo ¢
Trial Initial momentum p Final momentum g DiF Er )
number (all =0.03) (all =0.06) + .09
1 1.49 1.56
2 3.10 3.12
3 2.16 2.05
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Quick Check 2.3. In an experiment to measure the latent heat of ice, a student
adds a chunk of ice to water in a styrofoam cup and observes the change in
temperature as the ice melts. To determine the mass of ice added, she weighs
the cup of water before and after she adds the ice and then takes the difference.
If her two measurements were

(mass of cup & water) = m; = 203 * 2 grams
and
(mass of cup, water, & ice) = m, = 246 *+ 3 grams,

find her answer for the mass of ice, m, — m,, with its uncertainty, as given by

the provisional rule (2.18).

Y3 t ﬁg




Graphical Methods
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Graphical Methods
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Graphical Methods

Table 2.3. Load and extension.

Load m (grams) 200 300 400 500 600 700 800 900 i

(6m negligible) E
Q
S

Extension x (cm) 1.1 1.5 1.9 2.8 34 35 4.6 5.4 ey

(all +0.3)
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0 500 1,000
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Graphical Methods

Better to include error bars
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Graphical Methods

What if mass also has uncertainty?
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Graphical Methods

Different ways to show data for clarity
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Graphical Methods

Different ways to show data for clarity
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Graphical Methods

Different ways to show data for clarity
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Graphical Methods

Different ways to show data for clarity
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Fractional uncertainty
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Fractional uncertainty allows a more intuitive sense of uncertainty
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Quick Check 2.4. Convert the errors in the following measurements of the
velocities of two carts on a track into fractional errors and percent errors: (a)
v=>55=%2cm/s; (b) u=—20 £ 2 cm/s. (¢) A cart’s kinetic energy is mea-
sured as K = 4.58 J + 2%; rewrite this finding in terms of its absolute uncer-
tainty. (Because the uncertainties should be given to one significant figure, you
ought to be able to do the calculations in your head.)




Fractional Uncertainty and Significant Figures



Fractional Uncertainty and Significant Figures

Table 2.4. Approximate correspondence
between significant figures and fractional

uncertainties.
Corresponding fractional
Number of uncertainty is
significant
figures between or roughly
1 10% and 100% 50%

1% and 10% 5%
3 0.1% and 1% 0.5%




Multiplying measurements
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Multiplying measurements N
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Multiplying measurements
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Multiplying measurements

Quick Check 2.5. To find the area of a rectangular plate, a student measures
its sides as / = 9.1 & 0.1 cm and b = 3.3 *+ 0.1 cm. Express these uncertainties

as percent uncertainties and then find the student’s answer for the area A = /b
with its uncertainty. (Find the latter as a percent uncertainty first and then con-
vert to an absolute uncertainty. Do all error calculations in your head.)




