Champlain College - St-Lambert! Physics 203-NYA

Problem Session
Measurements and Uncertainties

1. Rewrite the following results in their clearest forms, with suitable number of significant fig-
ures:
a) measured height = 5.03+ 0.04329 m
b) measured time = 1.5432+1 s
¢) measured charge =! 3.21" 10 ¥+ 267" 10 ?°C
d) measured wavelength = 0.000 000 563 = 0.000 000 07 m

e) measured momentum = 3.267 x 10> £42 g cm /s

2. Rewrite the following equations in their clearest and most appropriate forms:
a) x=3.323+1.4 mm

b) t = 1234567+54321
) A=533x107£321x10""
d) = 0.000 000 538 £ 0.000 000 03 mm

3. Two students measure the length of the same rod and report the results 135+ 3 mm and
13743 mm. Draw an illustration to represent these two measurements. What is the discrep-
ancy between the two measurements, and is it significant?

4. A student measures the density of a liquid five times and gets the results (all in g/cm?) 1.8,
2.0,2.0, 1.9, 1.8. What would you suggest as the best estimate and uncertainty based on these
measurements? The student is told that the accepted value is 1.85 g/cm?. What is the discrep-
ancy between the student’s best estimate and the accepted value? Do you think it is signifi-
cant?

5. In an experiment on the simple pendulum, a student uses a steel A
ball suspended from a light string, as shown below. The effective E
length [ of the pendulum is the distance from the top of the string |
to the center of the ball, as shown. To find /, he first measures the E
distance x from the top of the string to the bottom of the ball and |
the radius r of the ball; he then subtracts to give / = x — r. If his E /
two measurements are X = 85.8 0.1 cm and »r =2.30+0.02 cm, .
what should be his answer for the length / and the uncertainty, as E

Y

given by the simplest rules of uncertainty propagation.
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6. In an experiment to check conservation of angular momentum, a student obtains the results
shown in the following table for the initial and final angular momenta (L and L' of a rotating
system. Add an extra column to the table to show the difference L! L and its uncertainty.
Are the student’s results consistent with conservation of angular momentum? (L! L, should
give zero).

Initial and final angular momenta (in kg m2/s)

Initial L Final L’
3.0+03 2.7+0.6
74+0.5 80+1.0
143+ 1 16.5+1
25+2 24 +2
32+2 312
37+2 41+2

7. The acceleration a of a cart sliding down a frictionless incline with slope 0 is expected to be
gsin! . To test this, a student measures the acceleration a of a cart on an incline for several

different values of ! ; she also calculates the corresponding expected accelerations gsin® for

each 0and obtains the results shown in the following table. Add a column to the table to
show the discrepancies a—gsin® and their uncertainties. Do the results confirm that a is

given by gsin! ? If not, can you suggest a reason why they do not?

Measured and expected accelerations

Trial number Measured accelerations Expected acceleration
(m/s?) (m/s?)
1 2.04 +£0.04 2.36£0.1
2 3.58+£0.06 3.88 £0.08
3 4.32+0.08 4.57 +0.05
4 4.85+0.09 5.05+0.04
5 5.53+0.1 5.72+0.03

8. According to the ideal gas law, if the volume of a gas is kept constant, the pressure P should
be proportional to the absolute temperature 7. To check this proportionality, a student meas-
ures the pressure of a gas at five different temperatures (always with the same volume) and
gets the results shown in the following table. Plot these results in a graph of P against 7, and
decide whether they confirm the expected proportionality of P and 7.
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Temperature and pressure of a gas.

Temperature (K) Pressure (atm)
Negligible uncertainty (all = 0.04)
100 0.36
150 0.46
200 0.71
250 0.83
300 1.04

9. You have learned (or will learn) in optics that certain lenses (namely, thin spherical lenses)
can be characterized by a parameter called the focal length f'and that if an object is placed at
a distance p from the lens, the lens forms an image at a distance ¢, satistfying the lens equa-
tion 1 f = 1/ p+ 1/ q, where falways has the same value for a given lens. To check if these
ideas apply to a certain lens, a student places a small light bulb at various distances p from
the lens and measures the location g of the corresponding images. She then calculates the
corresponding values of f from the lens equation and obtains the results shown in the table
below. Make a plot of f'against p, with appropriate error bars, and decide if it is true that this
particular lens has a unique focal length f.

Object distance (in cm) and corresponding focal length (in cm).

Object distance p Focal length f
(negligible uncertainty) (all £ 2) (cm)
(cm)
45 28
35 34
65 33
75 37
85 40

10. Convert the percent errors given for the following measurements into absolute uncertainties
and rewrite the results in the standard form Xpeg *+ 0X, rounded appropriately.
a) x=>543.2 m+ 4%
b) v=-65.9 m/s + 8%
¢) A= 671x10°° m+ 4%

11. A digital voltmeter reads voltages to the nearest thousandth of a volt. What will be its percent
uncertainty in measuring a voltage of approximately 3 volts?

12. A digital balance reads masses to the nearest hundredth of a gram. What will be its percent
uncertainty in measuring a mass of approximately 6 grams?
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13. My calculator gives the answer x = 6.1234, but | know that x has a fractional uncertainty of
2%. Restate my answer in the standard form Xpes ! X, properly rounded. How many signifi-
cant figures does the answer really have? Do the same for y = 1.1234 with a fractional uncer-
tainty of 2%. Likewise, for z =9.1234.

14. A student measures two quantities @ and b and obtains the results ¢ = 10 £ 1 N and
b =272 £ 1 s. He now calculates the product ¢ = ab. Find this answer, giving both its percent
and absolute uncertainties, as found using the simple rules of uncertainty propagation. Repeat
using a =3.0 ft £ 8% and b =4.0 b + 2%.

15. Using the simple rules of uncertainty propagation to compute:
a) (5x1)+(8+£2)—(10+4)
b) (5+x1)x(8£2)
c) (10£1)/(20£2)
d)B0£1)x(50£1)/(5.0+0.1)

16. A student takes the following measurements:
a=5t1lcm,b=18+2cm,c=12+1cm,t=3.0+05s,m=18+1g.
Using the simple propagation rules, compute the following quantities with their uncertainties
and percentage uncertainties:

a)a+b+c
b)a+b-c
c) ct

d) mb/t

17. With a good stopwatch and some practice, you can measure times ranging from approxi-
mately 1 second up to many minutes with an uncertainty of 0.1 second or so. Suppose that
we wish to find the period 7T of a pendulum with 7'~ 0.5 s. If we time 1 oscillation, we have
an uncertainty of approximately 20%; but by timing several oscillations together, we can do
much better, as the following questions illustrate:

a) If we measure the total time for 5 oscillations and get 2.4 + 0.1 s, what is our final answer
for T, with absolute and percent uncertainties?

b) What if we measure 20 oscillations and get 9.4 + 0.1 s?

c¢) Could the uncertainty in 7 be improved indefinitely by timing more oscillations?

18. If we have measured the radius of a sphere as » = 2.0 + 0.1 m, what should I report for the
sphere’s volume?

! page 4 of 4



