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INTRODUCTION A TIME AND MEASUREMENT

an attempt to understand natural phenomena, scientists must determine by
=..periment the magnitude of fundamental quantities. The process of
measurement is thus basic to all sciences, and to physics in particular. We
begin our study of physics by considering time, one of the most fundamental
physical guantities, and some of the ways in which intervals of time can be
measured.

We keep track of time as a routine part of daily life without giving much
thought to such questions as:

1. How old are really old objects such as the sun, or conversely,
how brief are events such as the blinking of the eye.

2. How might we determine the age of the sun or the length of an
eye—-blink

This chapter will not answer all your questions about the concept of time
and its measurement, but it will raise some issues which should broaden
your outlook considerably. It will also serve as a first indicator of the
manner in which physicists go about analyzing the workings of the world
about them.

We will also see in a bit more detail how scientists express the accuracy
to which their measurements have been made and also the kinds of units
(meters, feet, seconds, etc) in which the results of measurements are

expressed. This is important background material for your later study of
wdamental physical concepts.

PERFORMANCE OBJECTIVES
Upon the completion of this chapter your should:

1. be able to measure and interpret long and short time intervals using
photographic and stroboscopic technigues.

2. be able to express any number in scientific notation.
3. be able to understand and use proper methods of:
a. adding and subtracting exponents, and
b. multiply and divide large and small numbers using scientific
notation.

4. be able to make order of magnitude approximations.

5. be able to express measurements with the appropriate number of
scientific digits.

&. be able to express calculations from experimental data to the
appropriate number of significant digits.

7. be able to express measurement in appropriate metric units.
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INTRODUCTION A STUDY GUIDE -1-

Read the enclosed article titled: "Four Pieces of Advice to Young
People" taken from Project Physics Reader Number One.

As the year progresses, you will think that your instructor is
interested only in physics as he keeps after you to do more and more.
However, the opinions and advice given by the author, Warren Weaver,
are ones that your instructor fully agrees with.

Read Section 2-1: The Starting Point: The Senses page 7
2-2: The Need to Extend the Senses page B
2-3: Time and Its Sweep page 9

Read Section 2-4: Short Time Intervals; Multiple Flash page 10
2-5: Repetitive Motion: the Stroboscope page 12

Why use high speed photography, time lapse photography, and
stroboscopes in the study of physics?

Problem: page(19: #19

Included in this packet are Study Notes "Using Hand-Operated
Stroboscope". Familiarize yourself with its operation.

a. Why is the strobe used for repetitive motions only?

MoToe
Determine the frequency of the motor stroboscope using various number 27E08E
of openings of the hand strobe. (Since taking data involves judgments,
it is well to take several trials and average the results.) Your HAUD
instructor wishes to see all data taken as well as calculations made. = ““%°
(All data is to be reported in table form.) e

L_ ad ____,/‘J

Determine the frequency of the fan with the hand strobe. After Fatd

reporting your findings to your instructor, ask for information as to
the use of he electronic strobe.

a. Next, determine the frequency of the fan using the electronic
strobe. Compare this frequency with that gathered with the hand
strobe.

b. How do the results compare? Or how well did you do? (To answer
these questions correctly, one must find the per cent error
between the two.

c. You need only to present to the instructor all data gathered. . E

§till having trouble with the strobe? A work sheet titled "How Can We

Measure Short Intervals of Time" is enclosed to help you. Complete

only as much as you feel you need to.

Experiment: "Measuring Short Time Intervals" PATEY
TiwiER

a. Determine the frequency of a paper timer using either the hand or - oze
electronic strobe:

Caemo it
b. Determine the frequency of the paper timer using paper tape. i;g;

c. Optional...Determine the frequency of a neon or argon lamp.
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INTRODUCTION A STUDY GUIDE -2-
b. Determine the freguency of the paper timer using paper tape.
c. Optional...Determine the frequency of a neon or argon iamp.
d. Report all information in proper written form to your instructor.
View Film Loop "Tacaoma Narrows Bridge". (Film Loop Notes enclosed.)
Problems: Page 19: #15 #1646 #17 #20 #21 H#22

(7.4 x ER)Y = (B&.3 x E—4) =

Any doubts as to when and how to use exponents and scientific
notation? If so, T.T. % 5. pages 13-16 has much help. Do not skip
over this lightly. A few minutes spent wisely now will save hours
later on.

Read Section 2-6: Comparing Times:i Counting Units page 14
2-7: Times Large and Small-Orders of Magnitude page 15
2-8: The Direction of Time page 18

What do we mean when we use the term "order of magnitude"?

What is the dividing line between one order of magnitude and the next,
say for:

a. 101 and 10+27 h. 03 and 10747 c. 10~-85 and 10~-4

d. Develop a mathematical proof to show the value of 10"1.5. For
1072.9.

e. Discuss your proof with your instructor.

Estimate to the nearest order of magnitude the number of ping-—pong
balls needed to fill room 1446. Present your answer with all work to

your instructor. S
s

A recent advertisement showed a station wagon full of ping-pong balls.
At 10 cents each, approximate the cost of the ping-pong balls to fill
the wagon. Do you think the back of the wagon was filled with
ping—-pong balls?

Problems: page 19: #10 #12 #23
Read Section 3-3: Small Distances page 30

3—=62 Dn the Limitations of Measuring page 34

3—-7: Significant Figures page 35
Measure the three objects indicated below using the meter stick,
vernier caliper and micrometer. Place your measurements in the space
provided.

Note...ARll instruments do not measure each item.

Make sure each measurement is recorded using appropriate number of
eignificant figures.

Fll measurements should Ee in the same units.
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INTRODUCTION A STUDY GUIDE -3-

Study Notes on the use of the vernier caliper and the micrometer are
enclosed in this packet.

Object ! Meter Stick | Vernier Caliper ! Micrometer
SEFssoossS===so=ss 1= T o g T
iLab Table (length) H : H :
: i H ! -1
i Aluminum Cube (side) | : H H
i : ! : -
i Wire (diameter) H H H H
Have all answers evaluated by your instructor. C:::::)
Which has thicker hair. A blonde? A brunette? or a red head?
Problems: page 39: #25 #27 #30 1 Di%eY

- —

We are in the process of setting the stage of the physical world. The
stage, the framework within which all the events that we study take
place is spanned by time and by space. It is made lifelike by their
combination — motion. Since time is one-dimensional and space is
three—-dimensional, we must be living in a four—-dimensional world.
Formulate your understanding of the 4-dimensional world and explain it
to your instructor.

A written exercise is enclosed. Complete the problems, have them
evaluated by your instructor and then correct any mistakes.

On the day designated you will take the chapter test. At the
beginning of this class period, you will turn in your packet with all
work done. - All material is to be in an organized manner. Do not
include any sheets that have no work on them. Exceptions are intro
sheet, and the study guide sheets. You will be given packet
Introduction — B material at this time.

Thought for the chapter:

I wouldn’t touch that with a 3.049 meter pole.

THE WIZARD OF ID By Parker and Hart
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30, 1730

position, ®ach, frequency, ye&s, nO, fastest
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USING HAND-OFERATED STROBOSCOFE -1-

DESCRIPTION. The stroboscope (or strobe) is a device for
measuring short time intervals. Objects having uniform
oscillating, reciprocating or rotary motion can be studied and
the motion made to appear "stopped". A strobe is usually a
large disk with one or more slits spaced at equal intervals
around the circumference axially mounted for rotation.

The strobe consists of 2 concentric disks mounted on an axial
sleeve bearing which fits a shaft mounted in a wooden handle.
One disk may be adjusted with respect to the other to provide
1,2,3,4,6 or 12 uniformly spaced radial slits near the
periphery.

THEORY. Study of motion can be made without timing the motion,
but frequently it is desired to measure the period of time
required for a repeating event to occur. The strobe is used to
measure events that occur repetitively over short intervals of
time. The strobe is rotated at a speed such that a slit on the
strobe comes into viewing position each time that one complete
repeating event takes place. 8Sighting at a given position on
the strobe, a view is obtained through the strobe every time a
slit moves into that position. If a repeating event takes place
during the same interval of time, that event will appear to be
stopped. Consequently, by adjusting the speed of rotation of
the strobe to make the motion appear stopped, the periods are
automatically set equal: and the speed of the strobe --a
controllable factor——-is thus used to measure an unknown short
time interval.

OFPERATION. The strobe may be used to "stop"” the waves in a
ripple tank, the blades of an electric fan, the vibrator of a
tape timer, the vibration of a wave generator and other types of
vibratory or rotary motion, provided the fregquency is not too
high.

Adjust the position of one disk with respect to the other until
the finger holes are aligned. By slight further adjustment,
open the desired number of slits——1,2,3,4,6 or 12. The strobe
may be operated by holding it in either hand. Use the
forefinger of the other hand to rotate the disks. See Figures 1
and 2. ©Sight through the slit while rotating the disks and
adjust the speed until the motion of the object appears stopped.

Satisfactory use of the strobe requires practice and for this
purpose, one slit is usually the best. Practice "strobing"”
several rotating objects to get the "feel of it" and to develop
a skill in its smooth operation. Where the rotating object is
uniform or composed of symmetrical blades or teeth, it is
necessary to place a prominent identifying mark on the object.

At higher frequencies, it is desirable to use either 6 or 12
slits.

- aver -



USING HAND-OPERATED STROBOSCOPE —2-

INTERPRETING RESUILLTS. The motion of an object may appear
stopped or a stationary image obtained when the speed of
rotation of the strobe is a SUBMULTIFLE of the speed of the
object. The rotating object may have a fregquency two or more
times that of the strobe. Therefore, when motion is stopped and
a single stationary image is cbtained, the speed of the strobe
must be increased to see if the motion can be stopped again.

The HIBHEST speed at which a single stationary image is formed
is the correct speed.

To determine the frequency of the object, multiply the
revolutions of the strobe per second by the number of open
slits. The following will clarify.

Maintain the "stopped" motion at the highest speed for say 10
seconds. Count the number of strobe revolutions during that
periad.

Khen one divides the number of revolutions by the time
interval one gets the frequency that the hand strobe was
turning.

Next one multiples the frequency of the hand strobe by the
number of open =lits which represents the number of views
per revolution. This gives the frequency of the cbject.

In summary:
Number of Revolutions Slits or Views

x —
Amount of Time revolution

frequency of object




FCUR PIECES OF ADVICE TO YOUNG PECPLL

Warren YWeaver 1966

One of the great prerogatives of age is the right to give advieec to the young. Of
course, the other side of the coin is that one of the prercogatives of youth is to
disregard this adviece. But , . . I am going to give you four picces of advice, and
you may do with all four of them precisely what you see fit.

The first one is this: I urge each one of you not to decide prematurely what ficld
of science, what specialty of science you are going to make your own. Scienece moves
very rapidly. Five years from now or ten years from now there will be opportunities
in science which are almost not discernible at the present time. And, I think thcre
are also, of course, fads in science., Science goes all out at any one moment for
work in one certain direction and the other fields are thought of as being rather
old-fashicned. But, donft let that fool you. Sometimes some of these very old
problems turn out to be extremely significant.

May I just remind you that there is no physical entity that the mind of man has
thought about longer than the phencrienon of light. One would ordinarily say that
it would be simply impossible at the present day for someone to sit dovm and get a
brand new idea about light, because think of the thousands of scientists that have
worked on that subject. And yet, you see this is what two seientists did only just
a few years ago when the laser was invented. They got a brand new idea about light
and it has turned ocut to be a phenomenally important one.

S0, I urge you net to meke iip your minds toc narrowly, to soon. Of course that
means that what you ought to do is to be certain that you get a very solid basic
foundation in science so that you can then adjust yourselves to the opportunities
of the future when they arise. lWhat is that basic foundation? Well, of course,
you don't expect me to say much more than mathematies, do you? Because I was
originally trained as a mathematician and mathematics is certainly at the bottom of
all this. But I also mean the fundamentals of physics and the fundamentals of
chemistry. These two, incidentzlly, are almost indistinguishable nowadays from

the fundamentals of biology.

The second piece of advice that I will just mention to you because maybe some of
you are thinikding too exclusively n terms of a career in research. In my judgement
there is no life that is possible to be lived on this planet that is more pleasant
and more rewarding than the combined activity of teaching and research.

I hope very much that many of you look forward to becoming teachers. It is a
wonderful life. I don't know of any better one myself, any more pleasant one, or
any more rewarding one. And the almost incredible fact is that they even pay you
for it. And, now a days, they don't pay you too badly. Of course, when I started,
they did. But, nowadays, the pay is pretiy good.






W-k. TACOMA NARROWS BRIDGE COLIAPSE

The failure of the Tacomz Narrows bridge 4n 1940 is desceribed in several
publications. The following sccount is dravn fron the offiecial investigetion of the
failure: Tex=s A and M College Eng. Exp. Sta. Bull. No. 78, 1944; University of
Washington Enge Exp. Stae. Bull. No. 116, parts I - IV, 1950=5k; and from Prof.

F. B. Farquhorscn, Director of the Engineering Experiment Station of the University of
Washington (private commumication).

The length of the main span (between towers) was 2300 ft. and the width, between
cebles, center-to-center; was 3¢ ft. Even durinz comstruction, the bridge sometimes -
developed vertical wave motlons of extreordinary emplitude. Corrective measures were
epplied: hydraulic buffers et each end of the main span (which, hovever, becare
inoperative socn after installation) mnd diagonsl stays ("ties") between the stiffening
girders and cebles at mid-span. After opering to traffic, hold-downs were installed
tylng the girders in the side spans to massive concrete blocks on land. These reduced
the waves in the side spans but not in the main span,

In t:h-e four months of active 1ife of the :
bridge before fallure, only transverse vibratiors Length (mein span) - 2800 ft
were observed prior to Nov. T, 1940, Many width (c.to c. of cables) 39 ft
verticel modes of vibretion were cbserved. The Start of construction Nov.23,1938
rein towers were nodes, of course, and there Opened for treffic July 1,1940
vere from O to 8 nodes between the two mein Fellure of bridge Nov. 7,1940

towers. Mayimm doudle amplitude (crest to trovzh)

was sbout 5 ft in s mode with 2 nodee betwsen the
tovers: the frequency of vibration 2t that timre wvas 12 v:lb/min When the bridge wves -

vibrating in this mode, sone motorists were uneesy at seeing & car ahead disappear
from view, only to reappear several tiumes while meking one crossing. Nevertheless,
revenue from the bridge traffic exceeded the aniicipated amount.

The most frequently observed motion was cne with no nodes between the towers
(frequency 8 vib/rcin); this might well be called the fundamental mode. The maximum
recorded double erplitude for this mode was 2 ft.

Mensurements made before failure indicated rn correlation between wind veloecity |
&nd mode of vibration; higher veloecities fovoreé medes with higher freguency. Similar
results were obtained in the years 1940-i5 by methemstical anslyeis, as well as from
scale-model tests. Thls correletion may be explained by the fact that turbulent
velocity fluctuastions of winds can be concidered as composed of a superposition of meny
periodic fluctuations, end the fluctuations of higher freguenc¢y are preponderant at
higher wind velocities. More generelly, wind-excited vibrations result from vortex
shedding, end the frequency of vortex sghedéing it preoportionsl to wind wvelocity.

On the other hand, both observetion and theory saree that there was no significent
corrslation between wind weloeity and emmlitude of vibration. Motions of several
feet vere sometimes cbserved with wind velocities as low &8s 3 or 4 mi/hr; at other
times the bridge remeined motionless in winds as high as 35 mi/hr.

The K-brecing under the deck eppears to hav: weakened during a midnight storm
several days prior to Nov. 7, 1940. During the ttorm the bridge was obeerved by only
‘one person, who reported 4ts behavior to be different from any previocus behavior.

«This is Interpreted to mean that the bridge had e larger amplitude of transverse
vibration than had previously been observed. .



Eerly on the mornizg of Nov. 7, the bridse éeveloped motions of a type previously
obgerved, but with lerger-than-ucuzl axplitide. The wind velceity wos 40 to 45 mi/hr,.
darzer then eny previcucly encountered by tie bridge, Traffic was shut dovn,.

By 2:20 a.n. the spen was vibrating inm 8 or 9 sesuints with freguency 36 vib/mdn and
double axplitude about 3 ft. While mcesurerants vyere under way, at sbout 10:00 a.m.,
the zain cpen abruntly began to vibrate torsionddly in 2 seeents with frequency

14 vib/min. Ieter the torcicnzl rreguency chaneed to 12 vib/mine. The amplitude of
torpicnal vibration gquickly built up to abcut %5°2 each direction from horizontal.
The change to torniomel wade "appesred to toke plece without any intermcdiate stages
end with such extreme vioclence thzt-ithe span appeared svout to roll ccorpletely over.
The wost stasiling cenditicen aroze out of thks fact that fycm a line of sight very
nearly parallel to the bridze the upder eide of the roadway was vipible while what
appeared to be a ncorly perpendicular view of the bottem of the roadwoy was offered
on the Tacora side," The zain spen broke up shortly after 11:00 a.m.

Daring xost of the catastroprhic torsion:l vibration there wes a trancverse
nodel line at rid.sgpan, =nd a longitwvdiral nodal line down the ecenter of the reocmy
{ihe yellow center strivel) DMNote that Pref. Farguhareon sensibly strides(?) dewn the
nodal lire &5 he leoves the bridge after making observations on the cordition of
the stays and,; ireidenvally, tryinz to seve a sxe2ll dog in & stalled car. Othexr
torsionsl modes eppoared briefly from tixze to time éuring the nhour before the
bridge gave way under the stresses which so greatly exceeded the design -velues.

The cruclel event at 10 a.m. which directly led to the castastrophic torsional
vibretion was apsarently the locsening of the .
nortn etble in its collar by which the roadway c
was suepended. At 9:30 a.m., Thotos made at
the ceater sbowed that the diagornsl stays

A and B werae alvernately slsclk snd, therefore, A B
perticlly ireffective. It i3 prokeble that o e

the (unsvespeeted) foilure of the Kebracing ) :
severzl days esrlier bad thrown sn added ‘ i '_Ro_""z“"it

gstress oa these stzyz. The center of the
cable was moving becx end forth relative to the center of the suspernded span. Fowever,
at.that {tivme there was no slipping cf the collar C itsel?f »elative to the cable.
Evidently at 10 a.n. this collaxr started to slip, with e double amplitude about

42 inches. Tails sllowed the structure to twizt as ore of the rein cables beeame
elterpately lerncexr 222 shiorter on eschk side of center. The wird velocity waa

close enouzh to the eritical yveloeity for the torsionsl rode cbserved, and the
vibration btuilt up by resorence and was meinteined until collepse inevitably took place.

Folloidrg fedlure of Lthe center span, the ceblee, originslly perabolic, esstrmed
& free-herging cotenary shape. Relesse of tension ellcwed the two towers to sag
shorewnrd sox2 25 £t (measured at the top). The czbles rexnined intact except for
8 L2-inch sezticn in the center of roxth cable over waieh the coller hed scraped;
500 of the 6303 strarde of Wo. 6 galvanized cold-drawn steel wire were ruptured by
the gliding collar. '

The Tacora MNerrows bridee was unusually long end narrow corpared with other
puspencion dridges previcusly built. The original design called for stiffening
the puspended structure with trusces. However, funds were not avellsble and
@ cheaper stiffening was adcpted using 8-foot tall girders running the length of



the bridge on each gide. These girders are ghown in the film seguence during
construction of the bridge. Unfortunately, the stiffening wes ipnadequate. The
theory of zercdynamic stability of suspension bridses had not yet been fully worked
out, and wind-tunnel facilities were not readily evailable due to the pre-wor military
effort. (Incidentelly, 2 tummel moving great quantities of eir st rather slow
velocities, carefully controlled, would have been needed). As a result, & scale model
was ccenstructed (stendard prectice) end applied to the evaluation of the bridge under
static corditions (ineluding wind foree.) However, need for & three-dimensional
dynsmic model wes recognized and the model (first of its kind) was under developzent
end partis]l use at the time of collspse. The problem of siability involves aercdynamie
1ift and is sensitive to the profilie of the fesk. Plens were under way to burn &
series 5f lsxge boles through the plete girders, tut the gale got toere first.

Later wind-4unnel tests with e 50:1 rodel of the. criginal bridge showed that this
emergency measure would heve worked.

Tre bridge wes rebuilt usirg the originsl anchorages and tower foundstions.
The mein cable spacing was increased to 60 £t (four lanes of trafZic) and the towers
increaszed in height by 59 £t to 507 ft. Studies at the University of Weshington
Engineering Erxperixent Station using = dynemic 50:1 rodel, coupled with extensive
mathematical analysis, resulted in &z design for the new bridece wnich used deep
stiffening trusses instead of the 8-f% girders cof the original bridge. The new
bridge vas opened to traffic in tre winter of 1950-51, and during this winter it was
exposed to some of the highest winds of recert years. The bridge is entirely successful.

This fiim wes macs at the Ohic State University, and was produced by Franklin Miller, Jdr.,
Dept. ¢f Foysics, Xenyon Colisge, Gamdier, Ohio, under & grant from the Natiomal
Science Foundatlicz. All rights reserved. Not licensed for television use.
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HOW CAN WE MEASURE SHORT INTERVALS OF TIME?

Time is measured by a regularly repeating mo-
tion such as the swinging of a pendulum or the
turning of a whecl.

1. Motion which repeats itself at regular inter-
vals is called.................___.motion. The time re-
quired for one complete motion is called the
teeesseeremaeenne--.01 the motion. We can symbolize it
by the letter 7. The number of complete motions
in unit time is called the.....cccccciiiiceeneeneen0f the
motion. We can symbolize it by the letter f, Write
below an equation showing the relationship be:

tween T and {.

f=

2. The arrow shown at
the right is rotating clock-
wise at 1800 rev/min.

It has a frequency of
............ rev/sec and a
petiod: of ..o scc.

3. A stroboscope (sometimes shortened to
strobe) is a device that enables you to see an
object briefly at regular intervals. Your hand
stroboscope is a disk that has one or more win-
dows in it and is fastened to a handle in such a

way that the disk can be rotated at various specds.
When you rotate the stroboscope and look through
the windows at the rotating arrow deseribed in
Question 2, you will see the glimpses of the arrow
at regular intervals. The arrow will appear to
be standing still if it is always in the same
.................... when you leook at it. This will be
true if a window passes in front of vour cye
................ time that the arrow, makes one comi-
plete revolution. Call the number of views per
second the viewing rate. Then we can say that
the arrow will appear to stand still when the

viewing rate is equal to the.............. reeaniOL ithe

arrow. One condition for a stationary appcarance
of the arrow is:

viewing rate = f
Will the arrow appear to be standing still if the
viewing rate equals Y2f2...........Explain............

B T T T L e T L)

Will the arrow appear to be standing still if the

viewing rate equals 2f?._....._... .Explain............

L ]

To be sure that the viewing rate is equal to f
and not some fraction of f, the strobe should be
turned at the (fastest, SIOWESE) coeereeerineaeianinnss rate
that makes the object appear stationary.

4. A stroboscope with onc window makes 28
turns in 10 scc. It makes............ turn(s) in 1 sec.
The viewing rate is............ view(s) per second. If
the stroboscope had two windows and made 23
turns in 10 sec, the viewing rate would be............
view(s) per sccond. If the stroboscope had four
windows, the viewing rate would be......_._. view(s)
per second.

5. If the vicwing rate is 3.2 views/sec, an
object which makes............ revolution(s) per sec-
ond will appear stationary. The period of time
between views is............second(s).

6. An arrow rotates at 12 rev/sec. It is viewed

11 times/sec. The arrow will make a little (mnore,
W88 scominnand than one complete turn cach time

you look at it. It will appear to be turning (for-
ward, backward) e cisausiess If the arrow ap-
pears to be turning slowly backward, the viewing
rate is too (fast, SloOW)..oeereereaneen 5

7. If you looked at
the arrow twice on each
turn, you would see it
................. Draw a dia-
gram showing how it
would look.

8. A strobe has 12 windows and makes 36
turns in 10 sec. What frequency of rotation will
it “stop”?

Ans...




THE VERNIER CALIPER

How can tenths of a millimeter be measured accurately?

In the preceding experiment, the decimal part of the smallest division of the scale was estimated.
Through the use of a vernier scale, this decimal part may be read exactly. The vernier is a sliding

scale which may be attached to any fixed scale.

e Coep
i
- ]
T |||M]I|]|][l|tnch ;
; s ;
u?Tr .s o |f!°f unru -
WA A a3
+—A—
PROCEDURE
Examine the vernier caliper and locate the two 3
scales: the fixed scale and the vernier sliding 12 _5 4 36 7.8 9 cm
scale. Indicate them on the diagram above. If the ' ! vy
instrument reads in metric units, the fixed scale
is divided into centimeters and millimeters. Close
the jaws of the caliper. Vemiero 12 34 L 6/78 9 3

1. Does the zero mark of the vernier (sliding)

scale coincide with zero on the fixed scale?........

2. How many divisions are there on the vernier
(T R

3. Over how many millimeters on the fixed
scale does the vernier scale extend? (Examine
garclully.). o reras

If the jaws are opened 0.1 mm, the first division
mark of the vernier will be exactly opposite the
1-mm mark of the fixed scale; if opened 0.3 mm,
the third vernier line will coincide with the 3-mm
mark of the fixed scale, etc. There will always be
one division mark of the vernier which will lie in
exact line with a division of the fixed scale.

The following diagram shows a setting for the
two scales. The zero mark of the vernier gives

22? cm

227 cm

the reading to centimeters and millimeters (tenths
of a centimeter). The reading is 2.2 em. To de-
termine the tenths of a millimeter (hundredths of
~a centimeter), locate the only division of the
vernier scale which is exactly in line with a divi-
sion of the fixed scale. In the diagram, this is the
seventh mark. The entire reading of the scales is
therefore 2.27 cm.

4. Refer again to the diagram
What is the relationship bctween the distances
marked A, B, and C and the distance R1........

Practice reading the caliper by opening it to
different positions.



THE MICROMETER CALIPER

How is the micrometer caliper used?

The micrometer caliper is commonly used in shops and factories for measuring machine parts
with great accuracy. More precise measurements can be made with this caliper than with the vernier

caliper.

Anvil  Spindle

Sleeve Thimble
-

PROCEDURE

Examination shows the micrometer caliper to
consist of two scales, one fixed and one revolv-
ing (on the beveled edge of the thimble). Turn
the thimble (on the sleeve) until the divisions on
the fixed scale are plainly seen. Notice that the
spindle is moved when the thimble is turned.

1. Is the fixed scale marked in inches or in cen-
BIEIRTED s

Compare with ordinary metric and English
scales if you are not certain,

2. The distance on the fixed scale from 0 to 1,
1 1o 2, ete., is what measurement?.........oeeeeceene--

Set the revolving scale so that O on it is exactly
on the line at 1 on the fixed scale. Turn the
thimble until it has made exactly one revolution.

3. Does the revelving scale read 25, 50, or 1002

4. Has one revolution of the thimble opened
the spindle 1o the next veriical division mark on
the fiXed Scdled . cmsins

If not, turn the. thimble until the spindle has
been moved one space on the fixed scale.

5. How many revolutions did the thimble

Make?......cceeee —

6. Each division on the revolving scale, there-
fore, is what fraction of the smaliest division on
the fixed scale®...............

Turn the thimble until the spindle touches the
other side of the caliper (the anvil). If the cali-
per has a ratchet, abways close the spindle by
turning the ratchet,

Does the rewolving scale read zcro when the
spindle is closed? If not, record the number of
divisions away irom zero as the zero correction.

7. If the revolving scale goes past the zero of

the fixed scale, will the correction have to be

added or subiracted to get the true reading?

If the caliper requires more than one revolution
of the thimble for one fixed scale division, you
must carcfully observe how many revolutions it
has made at each setting.
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Introduction A WRITTEN EXERCISE

1. An automobile travels 90 kilometers per hour. How far does this automobile
travel in 2.3 minutes?

2. How many hours are there in 1000 years?

3. The age of the earth has been estimated to be 4,500,000,000 years. Express
the age of the earth using proper scientific notation.

L Light travels 3 x 103 m/sec. How long does it take light to travel through
a window 0.2 cm thick? Express your answer in scientific notation.

5 If the total growth of a plant which requires 100 days is to be shown on a
ten minute film (at 24 frames per second), what time interval should elapse
between successive pictures?

6. Light travels 3 x 108 m/sec. How far does light travel in 2.3 years? EXxpress
your answer in scientific notation.

T Our sun is one of a hundred billion distant suns that make up our galaxy, the
Milky Way. There are nearly a hundred billion galaxies visible through the
Mt. Palomar telescope. How many stars are there in the part of the universe
we can observe if we assume that our galaxy has an average number of stars?

8. [Estimate to the nearest order of magnitude the number of basketballs the coliseum
(where the Cav's play) will hold?

9. The radius of the earth's orbit is 93,000,000 miles. There are approximately
1600 meters per mile. What is the radius of the earth's orbit in meters?

10. Remember, all work must be available for your instructor's inspection. Is it
neat and organized? Have you used units throughout? If not, you might as well
do so as you will not be allowed to go on.
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Introduction A WRITTEN EXERCISE

An sutomobile travels 90 kilometers per hour. How far does this automobile
travel in 2.3 minutes?

How many hours are there in 1000 years?

The age of the earth has been estimated to be 4,500,000,000 years. Express
the age of the earth using proper scientific notation.

Light travels 3 x 10a n/sec. How long does it take light to travel through
a window 0.2 cm thick? Express your answer in scientific notation.

If the total growth of a plant which requires 100 days is to be shown on a
ten minute film (at 24 frames per second), what time interval should elapse
between successive pictures?

Light travels 3 x 108 m/sec. How far does light travel in 2.3 years? Express
your answer in scientific notation.

Our sun is one of a hundred billion distant suns that make up our galaxy, the
Milky Way. There are nearly a hundred billion galaxies visible through the
Mt. Palomar telescope. How many stars are there in the part of the universe
we can observe if we assume that our galaxy has an average number of stars?

Estimate to the nearest order of magnitude the number of basketballs the coliseum

ere the Cav's play 01d?
(wh he Cav' lay) will hold?

The radius of the earth's orbit is 93,000,000 miles. There are approximately
1600 meters per mile. What is the radius of the earth's orbit in meters?

Remember, all work must be available for your instructor's inspection. 1Is it
neat and organized? Have you used units throughuut° If not, you might as well
do so as you will not be allowed to go on. 5l
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2-7 « TIMES LARGE AND SMALL—ORDERS OF MAGNITUDE 17

TABLE 1
Orders of Magnitude of Times

Each interval is one-tenth of the preceding interval.

TIME INTERVAL

TIME INTERVAL

IN SECONDS ASSOCIATED EVENT IN SECONDS ASSOCIATED EVENT
1018 Expected total life of the sun as a 10-2  Time for electric fan to complete one
normal star turn
1017 Age of the oldest rocks 10-23 Time for fly to beat its wings once
Time elapsed since first fossil life Time that a fired bullet is in the barrel
Time elapsed since first land life of a rifle
1016 Time for the sun to revolve around the 10-¢+  Time for one vibration of the highest-
galaxy pitched audible sound
Age of the Appalachian Mountains 10-5  Time during which firecracker is ex-
1018 Time elapsed since dinosaurs ploding
104 Remaining life of Niagara Falls 10- T‘lme f"’f high-speed bullet to cross
a letter of type
13 ' i i
A Fiob-chiped sice taplicat mex 10-7 Time for electron beam to go from
1022 source to screen in TV tube
1011 Time elapsed since earliest agriculture 10-¢ Time for light to cross a room
_?me ellap S:Ijs’?ce eaiﬂletewml#g . 10-9 Time during which an atom emits
ime elapsed since the beginning o visible light
the Christian Era 10-10 e
o L / :
10 ;;n;ri;liapsed o the slicorary of 10-1t  Time for light to penetrate window-
i pane
i)
4 H‘uman e spaln 10-12  Time for air molecule to spin once
108 Time elapsed since you began school 10-13
107 Time for the earth to revolve around 10-14
the sun (year)
106 Ok it 10-1%  Time for electron fo revolve around
roton in hydrogen atom
109 Time for the earth to rotate once on its 10-16 3 R
axis (day)
104 Duration of average baseball game s
102 Time for light from the sun to reach e
the earth 10-18
102 One minute 10-20  Time for innermost electron to revolve
101 around nucleus in heaviest atom
100 Time between heartbeats (1 second) 105
10-1 Time for bullet (.30 caliber) o cover 10-22
the length of a football field (3&) ft) 10-23  Time for light to cross the nucleus

still further we must build intricate instruments
and learn to interpret their readings. In this
manner, for example, we can measure the age
of the earth by methods that depend upon the
laws of radioactivity. See, for example, the
book by Patrick Hurley mentioned in the read-
ing references at the end of the chapter.

For very short times, below direct perception,
about three or four orders of magnitude to 10-9
second cover the ordinary motions and changes
of the fastest-moving things men can make,
even explosions. For still smaller orders of
magnitude, we can use the much more respon-
sive electrons as the “parts” of a clock and go to
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Introduction A QUIZ (A) Mods [
hat is the period of a motor turning at 1200 rpm? A
= __[_ 3 . Mg i .-I_ __H\\ - s e - o ’,
= l:).oom ‘“|_" r;od H'v ‘:‘\5:33 X 10 ,ﬂ-_rrnr. J = 29 st
g = laloo !_E‘J - e -“E‘—-""_"—- --——""f-’-
o ,/-Ff_'“:,-_-. / '
a. How is frequency and period related? ( += 3) 7= 7
R z
be What symbol do we use for each? ﬁ _ \D %
ce What is the unit(s) of each? \:s%/ @
A 12-slit stroboscope is rotated at a constant rate for 20 secondst®
to determine that a motor shaft takes 1/30 sec to make one revolution, :
How many rotations does the stroboscope make? £ ,
Halits =12 & ved it -[_\ Lo oo = S ———
e s, Toag HSlits
‘t{=295¢_&. tlwt{ 30 i’
& . 2« domte . Go )
,— 5. See :F’- v 30;&, -Sec-x y &
Az
Le The &iameter of the wire is:
’ .
ae Using the micrometer. B@ rum Lbs mam  dbSom
be Using the vernier calipere. e L my A7 s
5« What possible errors might result when using the stroboscope?
What would you do to minimize the errors? |
of daue valus - Step mMotiow A Saslast Passn'e(e Slewiny
Vate

3,;,{ sub mu1£~lp\4_
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Give the order of magnitude of the following:

| 23 5, 5.3 x 10?2 ' so-¥

/0 6. 1.7 x 1070 i’io_ﬂ 4 >
ot w51 3 07

8. 42 x 1072
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N
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9. What is the minimum number of turns/sec made by an eighteslit strobe if it is to
'stop' the motion of a fan turning at the rate of 50 rpm?

“ 6.144;;‘ = O, 10/

"rs-ﬁ;.e&. u ‘Y"‘Li = é:c_) — X (Ao
#slcts = 8 % st T GoLee
Foky = %0/ M ‘
e 5 ol
- , Fy
LR e o b

10. A student cbtains 50.3 Hertz for the frequency of a rotating tire which is
u{ actually rotating at 48.5 Hertz. Calculate the percent of error.

&M% 'ZMU

11. How many points were scored by all cf the high school varsity basketball teams
in a1l of the regularly scheduled gsmes in the 19582-1983 season in the state
of Ohio. Use order of magnitude estimation only. Show all work.

10“ 10% poinise o' = 16 daawn
-E——— x m * R T
3}"5_  Ganand Siaix

=

12, If a teacher speaking at a normal rate gives the same one~hour lecture every
period of the school day, how many words does he or she speak? Again use order
‘\ of magnitude estimation only and show all work.

fe) S 5o o . < /
/ /0~ weees 107 gt " 10 fox
o Far ey



Test Introduction A Name— Cotreel”

Write the vernier readings and micrometer readings under each.

' em 13¢cm o Jem s B
P
1 | 8 l 1 5
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: Give the order of magnitude of the following:
of /0 5. 5.3 x 10%3
7878 6. 1.7 x Wt
0% 7. 3.1 x 105

) {(®) | 8. h-2 X 10-5

9. What is the minimum number of turns/sec made by an eight=slit strobe if it is to

\% *stop' the motion of a fan turning at the rate of 55 rpm? R AT I .
G, 3‘:?—;_:., = O.H/sn:, ke * Helds = 'i‘c?la; M h/‘/
lits = 8 ) Quitnrn
i _ £ aftohe. = Fob
fal..; z 5§ as~ # slda
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10. A student obtains 50.8 Hertz for the frequency of a rotating tire which is
actually rotating at 48.3 Hertz. Calculate the percent of error.

\& S./5 7o

11, How many points were scored by all of the high schoocl varsity basketball teams
&\ in all of the regularly scheduled games in the 1982-1983 season in all 50
states.s Use order of magnitude estimation only. Show all work.

J‘Og 0™ -Emn'(*_ . ;o'wﬂ 102 deamen . o sietes

12, If a teacher speaking at a normal rate gives the same one=hour lecture every
period of the school day, how many words does he or she speak? Again use order
of magnitude estimation only and show all work.

/05 101 qu.oLnK t'Ol"__“Jé{‘ ,:/"rg

vide o sy




IABS 1 and 2 QUuSTIOR SHLiT Hame mod
WULSTIONS TO CHuCK WHAT YOU HAVS LEARN=D:

1. What is the relation between the precision of the measuring instrument
being used and the number of significant digits you can measure to?

2. As measuring instruments of increasingly preater precision are used to make a
given measurement, what happens to the certain portion of the measurement?

3. When using a double-parbalance, an experimenter waits for the arm to stop
swinging before taking a reading, His partner takes a reading while the arm
swings equal distances on either side of the zero mark, Wwhat are the advantages
of the second method?

4, The resding on adouble-panbalance is 263,75 z. How many sisnificant digits
in this measurement? How many are certain?

5. State some reasons why the measurement of the length of & lab table may not
be precise,

6, A meterstick (zraduated in millimeters) is used to measure a length, Would a
reading of 28,625 cm be acceptable? sxplain,

7. Four trials are made of a given measurement: 18,20 em, 18,21 em, 18,19 cm,
and 18,22 cn, What is the mean value of these four measursements?

8. #hat effect does inereasing the number of trial messurements have on the mean
value of the measurement?

9. If the wooden block (used in the lab) was actually a volume of water instead
of wood, what would it "weigh" in grams?



lenrth = L.428 m width = 3.31 m

Calculate the area of the rectangle and give the answer
in the correct number of siznificant digits.

11, Add these measurements:
1.284 m; 2.9 m, 6,280 m, 9381w

Give the answer in the correct number of sienificant digits,

12, When using a meter stick (smallest division of millimeters)
are these measurements possible:

yes no

ga) 26,3 mm

b) 2.93 cm
¢) 1.,92847 m
d) .35210 mm

ed 1652.1,278 m

r) 372.28 em




EXPERIMENT. S« 1

Precision and Significant Digits

Purpose: To learn low the number of significant
digits in @ measurement is related (o the precision
of the measurement

WHAT YOU NEED TO KNOW

“I often say that when you can measure what
you arc speaking about, and express it in numbers,
you know something about it; but when you can-
not express it in numbers, your knowledge is of a
meager end unsatisfactory kind." Such were the
words of Lord Kelvin, the great English physicist.
Physics muy be thought of as the science of mea-
surcmant.

Measuring a physical quantity involves the use
of a2 measuiing instrument. Each measurcment deals
with two fundamental concepts, precision and ac-
curucy. Precivion tefers to the extent to which a
set of meuswements of the same sumple agrees
with the menn value of the measurements. Thus,
the precision of a measurement reflects its repro-

~ducibility, The number of significant digits used to
record a measurement indicates the degree of pre-
cision of the measurement, This experiment is con-
cerned  with  precision  and  significant  digits.
Accurecy refers w the extent to which a measure-
ment agrees. with the standard, or accepted, value
for thut meusurenient. Problems dealing with ae-
ciraty are covered in Experiment 3.

To sce how precision is involved when making
a measurement in toe fuboratory, you should know:
(1) which factors alfect the precision of your labo-
ratory instrument, (2) how the instrument can be
used to achicve maximum precision, and (3) how
significant digits reflect the degree of precision.

The precision of an instrument depends only

i 5

upon the measuring instrument itself, assuming the
instrument is used properly. For example, a meter-
stick marked with centimeter graduations permits
measurements to the nearest centimeter with an es-
timate to the nearest 0.1 em. If the graduations
are markcd to the nearest millimeter—that is, to
the ncarest 0.1 cm—then the precision of the
meterstick permits measurements to the nearest
0.01 cm. When scvernl measuring instruments are
used under similar conditions, the instrument con=
taining the lirgest number of seile subdivisions s
considered 10 vicld the most precise results, As

the precision increascs, the dilfercnces between the ©

measurements become smaller and the measures
menis become more alike,

The degree of precision obtained with any mea
suring device may be indicated by the use of
significant digits, also called sienificant figures.

M

Fig. 1-1 Deterniining significant digits of a
L3 micasurement

Measuring devices, such as a meterstick, contain
a scale graduated in some specific units of mea-
surement, Any measurement containing an integral
number of these units is a cerfuin measurement
and the digits written to express this measurement
are called certain digits, 1n Fig. 1-1, the certain
digits of the measurement 19.5 mm, or 1.95 ¢,
are 1 and 9. '

Precision in Linear Measurement

Purpose: To learn to make precise linear mea-
surements using the peterstick and to wse these
measurements 10 compute quantities derived from
length

WHAT YOU NEED TO KNOW

In the previous experiment, it was pointed out
how precision of a measurcment depended on the
scale markings of an instrument. In this experi-
ment, you will learn how the precision of a mea-
surement depends on the competence and care
taken by the person using the instrument. Recall
that the precision of a measurement refers to how
close the measurement ean be reproduced. Mea-

“suring a length preciscly prescats difiicultics. For

example, if three different persons were to measure
the length of this page, they might not obtain the
same answers. The differences may be due to a
varicly of reasons, some involving the instrument
itsclf, which we have already covered, and others
involving the cxperimenter. Whien a person using
the instrument applies the proper techniques and
takes the care required to read the instrument
pioperly, then the instrument yiclds precision mea-
surcmients to the full extent of its capability.
Starting with a precision instrument, one en-
deavors to obtain measurements with a high degree
of accuracy. Recall that accuracy in a measure-
ment refers to the closeness of a measurement to
some aceepted value. When making measurements,
such as the length of a table, one can only hope
to obtain a precise length whose measured values
are as close together as possible. Since there is no
standard length for a table, the necessity to de-
velop an accepted value for the length of a table
has never arisen. Thus, it is impossible to determine

| 5 4 ’
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whether the measurement is accurate or not. We
can expect precision, but not accuracy, in such 2
measurement. Problems dealing with accuracy in
measurement are treated in Experiment 3 and in
later experiments.

STRATEGY

You will investizate the significance of the mark-
ings on a meterstick. Then you will use the meter-
stick to make measurements such as the length and
width of your laboratery table. In doing this, you
will apply various techniques to make your mea-
surements as precise as possible. Finally, you will
use these linear measurements to compute certaia
quantities, such as area, that are derived from
length. . .



MAKz NMEASURSMoNTS AND/OR CALCULATIONS TO DATSRMINE THE FOLLOWING:

1) Find the arca of the lab table you are sitting behind.(in sq. em or om?)

2) Calculate (using data from question #1) the diagonal of the lab table

and then verify this calculation thru measurement of the diagonal., (in em)

3) Find the mess (you probably call it the "weight") of the small wooden block, (in =)

4) Find the volume of the larse wooden block, (in cubic em or cm3)

5) Find the diameter of the wooden cylinder,

6) Calculate the volume of the wooden cylinder,

7) Measure the width of the lecturé stand '. to the nearest m m

then to the nearest cm em and then to nsarest mm mm,

8) (Optional) Find the thickness of this piece of paper.
Find the thickness of s hair from your head,
Is there a difference in thickness in black vs, blond hair? In male vs,

female hair?

WHEll YOU'VE COMPLETED THE MEASURSHMGNT /CALCULATION SiCTIONS ABOVE, ASK FOR THZ
QUsSTION GilueT THAT GOuS WITH THIS LAB.



