Problems

1.

10.

Students measuring the dimensions of a table top use a meter stick. They determine that the width of the table
is between 78.4 cm and 78.3 cm.

Express the measurement and uncertainty in the form: X £ AX. m 7 g. 35 O, 05 cm

What is the absolute uncertainty of the width measurement? 0 05 cm

What is the relative uncertainty of the width measurement? O.05cm

7335 = 0. 064 %o

Using the same meter stick to measure the thickness of the table, the students determine that the thickness is
between 3.5 cm and 3.6 cm.

Express the measurement and uncertainty in the form: Xt Ax. 3, 55 i 0.05 cm

What is the absolute uncertainty of the thickness measurement?

O.05 cm

What is the relative uncertainty of the thickness measurement? 0. 05

.55 = I.L'{'b70

Compare the relative uncertainties of the width and thickness. Why are they so different if the same meter stick
was used for each measurement?

W dHn: abSolu'—e uncerteoin Verfj Small Compar-e o
measureée ment

thickness: ubsolute uncertminty COmFamHe o measurement

Consider the following results for different experiments. Determine if they agree with the accepted or predicted
result listed to the right. Also calculate the percent difference for each result.

a) measured value for g = 10.4 + 1.1 m/s2 (accepted value for g = 9.8 m/sz)
W\ lo.d
o ~
q U 5 (q\ 3) , ,‘ ‘5
b) measured value for T= 1.5 £ 0.1 sec ( predicted value for T = 1.1 sec) | |5 =1 '
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c) measured value for k = 1368 + 45 N/m  (predicted value for k = 1300 + 50 N/m)

Fr 2 = la {""rowx
45 | BRLE _ tus -5 . aqre<;, overlap
323 1413 1250 1350 1323 4o 1350

11. Each member of your lab group weighs an trial _| Box (g) | deviation | Bar 1 (g) | deviation | Bar 2 (g) || deviation
empty box and two metal bars twice. The 2013 | 0./3 | 987 0,62 956 0,22

following table shows this data. 201.5 | 0, 233]988 721 95.3 . 52

1

2

3 2023 | j.721[9.9 1 1% 964 0.3
4 2021 [, 93971 0.9%[96.2 (0, 3%
g

6

199.8 | /.3 7]984 0 324958 2,02
2000 | i.177][986 O ,529.6 H.22
average [201.17 £ 0.5498.08 [+ (.72 75.83Z £0.29

” 0
AR dev VY. dev avy: dev
a. Estimate the uncertainty of each data set by finding the average deviations.

b. Calculate the total mass of the box with Bar 1. Use rules for uncertainty propagation.

(RoL 17+ 084) + (9%.08% 0.72) = R99.251 1.5¢9
N __ P 4

e

Calculate the mass of the box with Bar 2. Use rules for uncertainty propagation.

(201173t 0.84) + (25822 0.29)= 29712 113

e

d. Calculate the mass of the box with both bars. Use rules for uncertainty propagation.

(200,07 1 0.54)+ (1808t 0.72) * (15827 0.24) =
395.071 /.&}

12. The area of a rectangular metal plate was found by measuring its length and its width. The length was found

to be 5.37+0.05 cm. The width was found to be 3.42+0.02 cm.
AdA rel. uncert

a. What are the relative uncertainties of each measurement?

0,05 ( 0. 02. _ 5 ey
5= 0.937, S oa - B®055) : ’OZ

What is the area, including the uncertainty? (Use the method of adding relative uncertainties.)
r ; % ‘ ) ' N F; he—— . p o 2
i Bt o [Zj7 j_A'recL': 13,571“_0.2.7614«
|51 = 184 e.z27 '

t
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Discussion Questions

1. How is the word uncertainty used differently in everyday speech than in science?
2. Does a greater degree of uncertainty affect your confidence in the results?

3. Ascientist makes a prediction and claims that they are completely certain of the outcome. How does this affect
your confidence in the outcome?

4. What is the difference between uncertainty and error?

5. Students just starting science often attribute results that they think are incorrect to “human error”. More
advanced science students recognize that this is not a sufficient description of potential problems in lab work.
Why?

6. What is the difference between the scientific use of the word uncertainty and the everyday use?

7. Does the knowledge that the results of a scientific prediction have uncertainty increase or decrease your
confidence in the prediction?

8. What would be your reaction to a scientific prediction that is 100% certain, that is, a prediction that has no
uncertainty’

9. You are measuring the time it takes for a student to run a 100-meter race. Describe a method you could use to
determine the uncertainty of the time.

10. What does it mean to be absolutely certain? What things can we be absolutely certain about?
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Sample Quiz Questions

1. Students are trying to identify an unknown liquid by determining its density and comparing it to a table of
densities of known liquids. They begin by finding the mass of a graduated cylinder, which they determine to be
54.55 + 0.05 grams. What is the relative uncertainty of this measurement?

0.05  _
=555 0.092.",

2. The scale at right shows the mass of the graduated cylinder
from problem 2 filled with some of the unknown liquid.
Determine the reading on the beam balance at right,
including absolute uncertainty, What is the relative
uncertainty of the measurement?

Y4 61t 6,059 So--
__9_'9_5_.., O.035 070

(44.61
3. What is the mass of the liquid in the graduated cylinder, including uncertainty? What is the relative

uncertainty of this measurement?

Note: Add (l 44,01 % 0,05) — ( 5455F 0.05) = 90.06% 0.10 g
Cf«l‘"'&fﬂf'fes even
ivt:o h we #F€ Crelahve wuncertainty = O, || 079)

sab rﬂ"’“’j‘}. By reading the graduated cylinder, the students determine that the volume of liquid is 114 + 2 ml>What is the
density of the unknown liquid, including uncertainty? (note: use the method of adding relative uncertainties)

rFelodive » TzT'E= 1.8
Note: Ad4 90,06 % 0.1

et yocet D= G = e = 019 .U, <(0.79 £ 0,015 Y]

(pnde;?ef—vun(_crf'v ( 1.9t%, of 0.79= p, 015)
Absoel 5. Shown at right is a table of densities of various alcohols. What
conclusions can the students reach about the identity of the unknown Methanol 0.791
liquid based on this table and the results of their density calculations? Ethanol 0.789
Is nol 0.785
. . 790 aproparo

N
O.T75 0,305 The liguid could be any of fhe leohds

6. Identify one plausible source of systematic error in this procedure and describe how to correct it. | csted

"ﬂ\e +"“‘p’e beanm ba(&mce m«jbd- rnol  have
been properly “2eroed” b{-i-{-o*r? ugv.’\/\{go/ L ZM;A

in the graduared cylinder be{-de wse

7. Identify one source of random error in this procedure and describe how to correct it.

Der\‘erm:./\r.\ﬁ w‘hey\ e +r2p|e lreann was
halance d ewowsk to cead.
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