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ABSTRACT ¥

Examples of errors in statements of physics concepts
found in textbooks at all levels are cited and discussed. The author
states: "There seems to be a tendency to be deliberately careless in
textbooks for the lower levels, apparently in an attempt to be
understood more easily." Oversimplifications identified as errors are
presented with comments as to their accuracy. (Author/TS)
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ARETRACT

There seeas #0 be 5 tendency ¢ be feliherately care-
less in textbooks for the lower levels, apparestly in an
atteapt to be understocd nioxa easily. Exanoles, like the
following taken Zroin a freshaan text by a wail-kacwn
author of excellent advanced texts,. will he discussed.
Without renswed r2fereace to the iateruval resigtance of
the hattery ‘he student cannot possibly undsrstand the
following description of the behavior cii a lamp ~onnected
across a battery, descyriked ag £, when differant resisgt-
ances are conneataqkﬁarallelo Wwhen the equivalent of a
high resistance is connected, “the curreant freom E finds
an easier path through the lawmp and the Lamp glows.”
Wher a low resistance is connected in parailel, most ol
"the current from B [passes throvgh this resistance]
and bypasses the lamp." Are stndents expeaked to bellaeve
that friction disappears when the cpplisd forze is larger

thas the force of static friction, za indicatad by 4he //
following descripeion of the expeniment of flippimg =2 /

card from under = coin: “"if cne tries tc give [the ~oinl 7
too great an accelaraticn, the coxrespouading forae is

greatex than the frictior holding the coim on the cazd,

and the coin suffors no hoxizontal accelerxatiocn at allk,”
Slide showing two spring bhalances in tapdsm. one

reading 20 1b, the othexr 30 ib, t2 iliustrate that tvo
unequal foxces acting in cpposite directicons apolied at

the sawme point should be subtractedt’

Such examples are presanted in junicr bhigh scheal texts and
defended ir the name of shmplifications required fox the zlow
lesrner., What about the well established law of action equals
reaction?

when I peint cut such errosecous waterial., £ am often asked
to explaim why such material is deinrg published. I am wsually
tempted to ascribe it to the incompetence of the autucr and lack
of interest in the low level bosks by the often iwpressively
listed consultants.

.
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However, when a half year ago a Zreshman text fur nonscience

\
majors by Lindsayz” had several most peculiiar discussicons,
began to wonder whether such material is scmehow intentilonally

included. The examples im the abstract are from this book,
3)

w i

Should one generalize Zemaasky's jangie to encoapass all

general physics and not omnly thermal physics:

slide: Teaching [thermal physics] gendral physics
Is @asy as a song
¥You think you make it sinplar
When you make it slightly [?) wrong

Slide: Showing the £lipping of a card from under a «<cin.
with the explanation that the soceleration cf
‘t.,@, the force acting on;, the coip is zero.
(Ref, 2, p.92!

is this an attempt te simplify the situation so as ¢ make
understanding easier for the student who has little hackground in
physics? It seems to me it wmight have the opposite effect. Tha
student with go»d background can perbaps still unfewstand the
mituation in spite of che misrepresentation, but the less-
prepared student must surely give up any attempt of waking sense
of his physics instruction. He is condemnped tc memorizing un-
related facts.

Even the simpleminded student will uvnderstand that if the
force is acting on the coin for a short time cnly the effect will
be minimal., Acceleration times time resulte in a swall sidewise
velocity. The sidewise displacement 8 = %-atz will bs very small,
or the impulse F - t will ke amall. Nc magter how cna anclyzes it,
one comes up with a sensible answer., Why complicata the issue
by claiming that the acceleration is zero, which wouid imply that
the force is zero., Even this text discusses latar on that the

force of friction iz independent of the speed,
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Slide: Showing the axperiment of having a higkh inductance

in parallel with an ipscandauscent lamp. Whae the
circuit is comnectsd to the batitery I, b in-
candescent lamp suppesedly glows brightly and
then become2s dim. When the battery is dis-

cornnected, the iamp flashes briafly (ref.2. p.27% .

This well -known experiment is described esseuntially as
follows: Wwhen the high impedance coil is connected in paiallel
/during the closing of the switch). “the currest from E finds an
easgier path through the lamp and the lamp glows.” When the
induced enf is small, “the current from E fisaliy passes ‘through
#he low resisi:ance coil) and bhypasces the lamp.” Does this not
appear as if 2hm’s Law were viclated by having different tarrents
in the lawp, depeading on what: is coucected in parallel; or should
one assume thet a bzttery acts like a current source and the curxent
takes the easier path, as so many stndents like to helleve for
any circuit. Axe thz novices expected to remember that swvveral
pages earlier the intexna’ rasistance of batieries was ment ioned.
2 battery should not be labeled only with its electromotive force
if the internal resistance is an essenitizl port of the analysis.
The verbal statements withoui further explaraticn, or the omission
of m letzer r on the battexy, does noct seem o be a meauningful

simplification.

If a simplificatica is d2sired, one covid use batiery with
little intermal reeistance and skip the dimring in the steady
gtate or add a resistance ia the battery branch to meke the effect
more noticeable aznd the analysie less cbscurz,

There are certainly halpful simplificaticas in teachiang,
but one should nct omit tha essentials. I am not swre whather ¥
admit as he#?pful the simplified equations which on: finds in
elementary texts.
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Slide:
Qfter used should ke
10 kg x 2.2 = 22 1b 10 kg % 2,2 ibkg ~ 22 1b
1l £t x Xz = 12 inm 1 £t x 12 in/fft = 12 in
10 gm x 5% » SO cal 10 g ox 50° x 1 .:'al;-'gnﬂo
(Ref. 6.

Sertainly the second <orm ®aikEs xore seise®, avwerical and
unit wise, What if a studemt divides ocut Lum 12 X remerwy=rs
the commutative law and f£inds that 12 £t equails 12 inches. Do we
really help the slcw learners by such simpiificationse?

..
!
~

£]

1 also do not zccept a3 meaningful zuch a simplification ao

this statement:

Slide: Wonmetals Qo not conduct electrisity or teat.
(R&f, o)

this is an unuacessary ovevsimpiificatica which tries to
relate coanduction of chargas aid heat, whick may be of iakerest
to some solid state physicigts but is of no importanc? Lo the
junior high school student for whom it seems to contradict his
daily experience. HMost stndents will realizo that oaz uses stori
windows and thexrmoe hottles becauge heat is conduzted by all
materials and special heat insulating meterisls are thexefcre
being used. A distributicw heiween gosd and peor conductoxs
would be much more meaningiul.

Of course, simplificarticn, and iselaticy: of esseatials. is
one of the important methcds of the physicist, Those engaged
in advancing the field will richtly claim that most models are
wrong. Usually they are subjact to improvement and sxe good
for the degree cf dstail for which they were daweloped. Fir
excmple, the Bohr model cof the hydrogen atom cazn be used with
good conscience if one is osly intsrested in one-electron systems
and the establishment of energy levels and emphasizes that there
is more to come. There is no need to embellish chis model with

. 4

50 cal
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tfeatures which do ncot correspond to pruperties of wore detailed
wave mechanical models.

Whenever ¥ submit title and abstract for oia of these papers.

T think 10 minutes shouléd be adequate. When 7 the: assembie the
material, I find so many examples to illustrate my pcint which

¥ would like to share with you that I weed twice as much time.
rf time permits, I will show you a few mora examples from texis
from which our students learn thair pre~colliage physics. £
you have similar material., sead it in to the "Would you believe.
column of The ¥hysics Yeacher., Maybe texthook authors and
editors will be a little more careful., 7 have Lkeen assured that
some of the material presented here today will be corrected in
future editions of the Pathway series. #Bnt schcol boivds will
also pay attention to our complaints. Iu Depver some books
(ref.l. 4. 5} have Leen adopted only teatatively with the ander-
standing that the teachers would be provided with an errata list.

glide; Showing a papey capacitoxr with paper between
foil A and 3:; but by the time it is rcilled up
B otoushes A ‘Ref. 4, vl .4, p. 2345,

jn
o=
i
®
$00

Showing the magnetic fielld around a straight
wire and claiming that it has poles (xef.4, vol.4,
p- X11).

Dows one not mormally associate polas with 2 surface pole
strength or a discontinuity of the magnetic Field H?

glida; Stating that a pulley is an example of whe2i and
axle ‘ref. &, vyol. 6, p 108’ .

This seems uncoaventional. Gf course, 21l of these devices
can be reduced to a lever, but & wheel and axle is important
because of the different lever arms, indicated by using ewven
different terms - wheel and axle. While a pulley is mcre akin
to an equal arm lever. Do grade schcol chiidren want that muech
analysis?

~ o

-
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Slide: Quot:ing the re:sca for heating in courr28sing 2
gas: "As gases are compressad, the particles
strike the walls of the container more freguently.
The more frequent ccliisiocns transmit some of the
energy of the particles to the walls cof the
container which mezkes them hot" ' ref. 8 Teacher
Guide p.70? .,

This omits the basic reason for the inusrease of the internal
energy because of the work dene by compression and lkicking the
molecules with the piston and tries to explain the phanomenon in
an erronecus way by referenca to mors2 rapid heat trarsfer from
the interior to the walls.

Slide: Quoting “"When two #6 dxy cells ara ounected in
series. we have 3 volt pushing the current through
the circuit. But the cnrvent proeduced by the two
cells groupsd in 2 series is ©gual te the current
produced by only one cell” (ref. 4, vol. 5. p. 265}

What is giined by comtradicting the atacemsnt of Chm's Law
that the currxent is proportional to the applied voltage?

Slide: showing & 4C0 ib. block lifted on ons edge by a
wedge exarting 400 lbs while the block is zesting
or. ihe other side on the floox. Only 200 lb. of
force are needed. (Ref. 1. p.l04).

Although it geia moxe campiicatad to do it correctly,. it
does make a lot more semse.

Slide: Indicating the Uraniwa decay series going from
11--238 throuvgh Ra 226 to lead Ph-207 (ref. 6, p.l36).

Although this seems simple since Pr-207 is listad in ithe
back of the book where atomic weightz are only given as integers,
it does meke it rather abscure how by beta and alpha cacays the
mass can change frcm even to odd.

6
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Slide: Showing and discussing interference cf waves
coming in opposite directiun cnly at ths goint
of f£irst sncountexr. (Ref. 7, p. 14G!.

There is no indication that this picture would apply oaly if
the two wave trains had just me:. The text seems to imply that
this is the appearance of the genera: interference.

Slide: Quoting that equipotential lines are "ilinss along

which the strength of the field is constaut,®
(Ref, 8, p. 294, atc,}

The source cf this misconcepticn or the reason for a simpli-
fication of identifyimng work to get to a point with tha force
acting at a point is not obvious at sll.,

Siide: Showing a spectrogiarh cof high rescluticn without
any optical systen. {(Ref, 92, p.llli.

Is such & siwplification at the Jurior level of collage
helpful? Or at any level? MKy colleague teaching mcdern physics
was rather upset whan he submizted this exampile tc 'Wonld you
believe...?" There is mo light collzcting system, no colli-
motor, no fecusing system. Only a slit, and remarkablc resolving
power _

The fact that ¥ have chose: examples from so many books is
not becavse it is difficult to find 3everal sxamples in a single
book but because ¥ wanted to emphasize that a great many books
at all levels have items that seem to bhe hard to justify.
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