ME170b Lecture 2 1/19/24

Experimental Technigues

Last time: Today:
> Hypotheses > How to Report and Use
> |ab report Uncertainties (CH2)
> Uncertainties > Propagation of Uncertainties

(CH3)



How should uncertainties in an experiment be reported??

standard form
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Lllll'lLlll.llAlll-'lll]llLllilllilLlL|lJlllllUllllli_llLl W\CFﬁ Ur'cd \’w\'ue x - Yb“'s"’ j: S)’

eYPQfsM\Rfﬁ e F __j

€5 +(M'\'R

Uncer tan ‘)’ﬂa :
h!%»'t@ﬂ' 7 LWJ"j" p/Q ))A‘Dl{f

) 45 7. (on fidere (,,qu\l‘)



Quick Check' 2.1. (a) A student measures the length of a simple pendulum
and reports his best estimate as 110 mm and the range in which the length
probably lies as 108 to 112 mm. Rewrite this result in the standard form (2.3).
(b) If another student reports her measurement of a current as / = 3.05 = (.03
amps, what i1s the range within which 7 probably lies?

@ (\0 £ Lnm
@ 300 - 3.00 Aps



How many significant figures for uncertainty?

what’s wrong with this estimate:
(measured g) = 9.82 + 0.02385 m/s”.




How many significant figures for uncertainty?

what’s wrong with this estimate:
(measured g) = 9.82 + 0.02385 m/s”.

dx Is an estimate — should not be stated with too much precision
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These are ‘rules of thumb’ — should use best judgment

If our estimate is: ox = (.14. j

rounding to one sigfig: Ay = (). 1
That’s nearly 50% difference!

If leading digit is 1 (or 2) it’s okay to use two significant figures
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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
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Significant figures of the estimate is determined after uncertainty

what’s wrong with this estimate:

6051.78 = 30 m/s

measured speed

measured speed 6050 = 30 m/s.
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One caveat

An important qualification to rules (2.5) and (2.9) 1s as follows: To reduce
inaccuracies caused by rounding, any numbers to be used in subsequent calculations
should normally retain at least one significant figure more than is finally justified.

Scientific Notations

X

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:
8.123456 £ 0.0312 m/s
3.1234 X 10* =+ 2 m

(c) m = 5.6789 X 1077 = 3 X 1077 kg.

(a) v

(b) x
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Discrepancy

The difference between two measured values of the same quantity

Student A: 15 = 1 ohms What is the discrepancy?
Student B: 25 + 2 ohms, Are the discrepancy significant?
. S (L= 1S S
Ara 25 - 15
. | -+ & _
Student C: 16 = 8 ohms Aep = 206 — o = 10

Student D: 26 = 9 ohms.



Are the discrepancy significant? Why or why not?
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True Error

the difference between a measured value and the true value
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True Error

the difference between a measured value and the true value

the reality Is that true value can almost never be known

example: currently accepted value of the universal gas constant

(accepted R) = 8.31451 * 0.00007 J/(mol- K).

Can you think of something in which the true value is known?



Experiments without drawing a conclusion (testing a hypothesis) has little merit.

A single measurement for an experiment, by itself is also uninteresting

Experiments should compare two or more numbers

Two major types of experiments:
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Example: Experiment for measuring a quantity with a known value

H: the measurement with be equal to the known value

Procedure:

1. measure quantity

2. estimate the experimental uncertainty

3. compare with the accepted value (test our hypothesis)

|

A’s measured speed 329 = 5 m/s,

2,3 | L -~ —Y -
331 m/s.

l

|

accepted speed

How to present the result?



Example: Experiment for measuring a quantity with a known value

H: the measurement with be equal to the known value

N = 349 + 1Y n IC
? E -

A’s measured speed = 329 £ 5 m/s, T 34() —i | Unn p

B’s measured speed = 325 + Sm/s, < ]
E -l - — «——— accepted value
= 330 F &

C’s measured speed = 345 = 2 m/s & ¢ B

E - 534 320

A W “The excepted value lies within our margin of error, therefore the data
supports our hypothesis”

C: “The discrepancy is 14 m/s which is approximately 7 times the uncertainty of

our rement. Our hypothesis is reject, however, it's possible our
measurement Is wrong.”



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, T 340
B’s measured speed = 325 £ 5 m/s, 3
Sraany Lo e s s e o e -—— accepted value
y- A
C’s measured speed = 345 = 2 m/s 2. B
320




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. How?

P‘: -\



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.

measure rho before and after
collision — theory says they will
be the same!

o %



Example: An experiment comparing two measurements

H: the measurements with be equal

o)

initial momentum p = 1.49 = 0.03 kg'm/s

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

Does the data support our
hypothesis? Why/why not?

1.4

Momentum (kg-m/s) —
N



Repeated measures

Table 2.1. Measured momenta (kg':m/s).

Trial Initial momentum p Final momentum g
number = (all £0.03) ~ (all £0.06)
1 1.49 1.56
2 3.10 3.12
3 2.16 2.05
elc.

another way to think about itjp-qgq->0



Example: An experiment comparing two measurements

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

0.20

y 0d0
g
0
<
1

—0.10

—0.20
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~—— expected value (zero)

How to calculate the new uncertainty?

S (P~ %)
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How to calculate the new uncertainty when subtracting?
Check the extreme values!

highest probable value:
p = p_best + dp (largest probable value)
q = g_best - dg (smallest probable value)
hight estimate = (p_best - g_best) + (dp + dq)

lowest probable value:
p_best - dp (smallest probable value)
= g_best + dq (largest probable value)

low estimate = (p_best - g_best) - (dp + dq)



Uncertainty in Difference (provisional rule)

Uncertainty in a Difference
(Provisional Rule)

I[f two quantities x and y are measured with uncertainties ox

and oy, and if the measured values x and y are used to calculate
the difference g = x — y, the uncertainty in g is the sum of

the uncertainties in x and y:.

og = ox + oy.

Provisional because we will update with better uncertainty estimate



Quick Check 2.3. In an experiment to measure the latent heat of ice, a student
adds a chunk of 1ce to water 1n 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.

[f 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).




Relate to measurements through a physical law: Graphical Methods

Physical Laws typically imply a relationship between quantities

Example: Hookes Law
> let’s design an experiment to confirm Hookes Law
> What is the hypothesis?




Graphical Methods

—3 Spring

—_ Slotted

Weights

Fig. Experimental
setup to verify

Hooke's law




Graphical Methods

5F
-
Table 2.3. Load and extension.
Load m (grams) 200 300 400 500 600 700 800 900 i _
(0m negligible) E
Q9
on x cm) 1.1 {50 0 cow s s 4G 5 g SI /k
Extension x (cm : % : & : e : : - —
s - = - —_—
all 03) ope =J
1 | | | | | | [ |
0 500 1,000

Easy to visually draw ‘best fit’ line
which will confirm the linear relationship

m (grams) —-



Graphical Methods

Better to include error bars

x(cm)—

x (cm) —

! ] ] ] | ] | | | |

T Y S (e o et Ll S Es 0 500 1.000
0 500 1,000

m (grams) —
m (grams) —

Right plot does not support hypothesis (k = constant)



Graphical Methods

What if mass also has uncertainty?

———— » M




Graphical Methods

Different ways to show data for clarity
y

Y .= A




Graphical Methods

Different ways to show data for clarity

'},‘

If we plot the data directly, is
hard to determine visually if the data
| follows the theoretical (y = Ax"\2)

Is there something that can be done?




Graphical Methods

Different ways to show data for clarity

"
: We can plot xA2 vs y which has linear

(A) relationship

Standard approach, used all the time

» y = Ae’™ In(y) = In(A) + Bx

but what about uncertainty??




Fractional uncertainty
e onfts ~s ~ \'D’ﬁﬂ

4

s (measured X) — Xpest " ﬁx, indicates the reliability or precision of the measurement.

indicates the reliability or precision of the measurement. The uncertainty ox by itself
does not tell the whole story, however. An uncertainty of one inch in a distance of
one mile would indicate an unusually precise measurement, whereas an uncertainty
of one inch in a distance of three inches would indicate a rather crude estimate.
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also called the relative uncertainty or the precision.



Fractional uncertainty allows a more intuitive sense of uncertainty

length/ = 50 = 1 cm

ol 1 cm

= = (.02
| 50 cm

Il best

length/ = 50 cm *= 2%.

The fractional uncertainty is an approximate indication of the quality of a mea-
surement, whatever the size of the quantity measured. Fractional uncertainties of
10% or so are usually characteristic of fairly rough measurements. (A rough mea-



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=255*2cm/s; (b)) u=—20 = 2 cm/s. (¢) A cart’s kinetic energy 1s 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.)

8 +--0.09 J




Fractional Uncertainty and Significant Figures

The concept of fractional uncertainty is closely related to the familiar notion of
significant figures. In fact, the number of significant figures in a quantity is an
approximate indicator of the fractional uncertainty in that quantity. To clarify this

x = 21 to two significant figures means

unambiguously that x is closer to 21 than to either 20 or 22; thus, the number 21,

L— =

two significant figures, means 21 =+ 0.5.



Fractional Uncertainty and Significant Figures

Table 2.4. Approximate correspondence
between significant figures and fractional

uncertainties.
Corresponding fractional
Number of uncertainty 1s
significant
figures between or roughly
1 10% and 100% 50%
2 1% and 10% 5%

L, 0.1% and 1% 0.5%




Multiplying measurements

(measured value of x) = x,. = O

in terms of the fractional uncertainty, as

o
(measured value of x) = xbest(l + & )

Ix bestl
) ~

Let us now return to our problem of calculating p = mv, when m and v have
been measured, ar —

0
/(measured m) = mbest(l = x m_)
Imbesll

0
/(measured v) = vbest( e )

chstl



Multiplying measurements

(best estimate for p) = py .

(1 5’")(1+ 8”) e
M [Vpest e

mbestvbest .

Ivbestl | |’nbcst| Ivbestl.

neglec
0 0

(largest value of p) = mbcstvbest(l T g = )
Mg ,



Multiplying measurements

kA

(value of p) = mbestvbcst(l o [—(E'—n— -+ B ])

Imbestl Ivbcstl

Uncertainty in a Product
(Provisional Rule)

[f two quantities x and y have been measured with small frac-
tional uncertainties dx/|x,.| and 8y/|y;..|, and if the measured
values of x and y are used to calculate the product g = xy,
then the fractional uncertainty in q is the sum of the fractional
uncertainties in x and

0q OX Oy

~ + .
|Qbest| 1xbest‘ beestl




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.)

1% and 3%:area = 30 cm”™2 +- 4% or 30 +- 1cm”2




