Topic 9: Electric Forces

Source:

Types of Materials:

Building on:

Links to Physics:

Links to Chemistry:

Links to Biology:

Materials:

(a) Hewitt

Conceptual Physics textbook, lab book and CPO textbook and lab book

Textbooks, lab books, worksheets, demonstrations/activities, vectors and
websites, and good stories

With much of mechanics presented at this point, electric force and all
related electronic topics such as voltage, current, transistors and circuits
become an extension to the force field concept, force, motion, the inverse
square law, vectors and other topics previously studied.

The understanding of electric forces will lead to the understanding of
electrostatics and electric circuits. The electric force concept will be used
in the later topics of nuclear behavior like radiation, high-energy
accelerators as at Fermilab and many chemistry applications. The
transistor and all the electronics that followed, including the blackberry,
have revolutionized electronics and the world’s economy.

Chemistry uses this topic to explain ionization, electrolysis, formation of
molecules, radiation, microscopy, Coulomb’s force law in the atom, the
study of physical chemistry and other items. Forces between electrons and
protons and their location in the atom explain their potential energy, thus,
their ionization energies. The properties of the elements are based on the
valence electrons. Electron configuration also explains bonding,
electronegativity, and heat conduction and charge conduction by metals.

As in chemistry, the electric force is needed to understand the formation of
molecules. Biophysics and molecular biology will use the ideas about
electric force and electric fields to continue research in microscopy. lons
or electrolytes in cells and the bloodstream are understood using electric
forces.

Static Cling

(b) Hsu

Observing Electric Charge

(c) My Lab
Conceptual Coulombs Law



(d) Worksheet
Electric Force Worksheet

(¢) Demonstrations

1.
2.
3.

Electrostatic Demos
Conduction and Induction Demo
Electric Field Demo

(f) Videos and Websites:

1.

Rl el N

Understanding Electricity Video Guide

Electrostatic Lab Sims (Flash, Shockwave)

Electric Fields Lab Sim (Java)
http://www.hazelwood.K12.mo.us/~grichert/sciweb/electric.htm

(This site does an excellent demo on charge motion within the electroscope.
Some other related choices within the site need JAVA.)
http://ww.library.advanced.org/10796/ch12/ch12.htm

(This site compares the gravitational force field to the electric force field and
their derivation. This site is more for the teacher.)
http://www.compadre.org/precollege/static/unit.cfm?sb=9

(This site offers several selections for static electricity, demonstrations,
misconceptions, videos, electric field game (GREAT GAME—COULD
NOT STOP TRYING—shows vectors and is challenging).

(g) Good Stories:

1.
2.
3.
4.

Charles Coulomb

Charles Augustin Coulomb - Civil Engineer
Millikan’s Oil Drop Experiment

John Bardeen



Topic 9: Conceptual Coulomb’s Law Lab/Demo

Purpose: The purpose of this qualitative/quantitative lab/demo is to illustrate that the electric
force between two charges depends on the product of their charges.
F (electric) ! Q;x Q2

Materials:

1. Use commercial charging plate or make one by gluing an insulating rod (glass, etc.)
to an aluminum Baker’s Square pie plate.

2. Make a conductive sphere. Coat a ping pong ball with graphite paint (conducting) and
glue a small loop to the ball and thread a 4 m nylon fish line to make a V and connect
this V to a tall support. (Suggestion: A conducting balloon might be better, having
less weight and more charge.)

3. Make a second graphite ping-pong ball and glue it to a glass rod.

4. Calibrate a 50 cm glass rod with a mark every 1 cm. (Use nail polish.)

5. Obtain a great charging device like a Van de Graaff, fur and plastic golf tube, or
electrophorus.

6. Support rods.

Possible Setup: A
O/
_ 0 @__
Procedure:

1. DO ON A DRY DAY!!

2. Attach the nylon line holding the graphite ping-pong ball to a tall support like support
rods in a V shape (see sketch).

3. Attach the conducting plate with the insulating handle to a support rod on the same
horizontal plane as the ball.

4. Position the ball and plate to just touch.

5. Charge the ball and plate as much as possible so they repel. I will use the convenient

number of 24 cm for the resulting separation. This separation will stay constant on a
dry day for several minutes giving you work-time. Call the beginning charge on the
ball Q.



6. Measure the separation distance between the center of the suspended ball and plate to
the nearest cm. Record in the table.

7. Without delay, touch the ball with the glass rod to the suspended ball and remove and
ground (touch it) the ball glued to the rod.

8. Measure the new separation with the new charge on the suspended ball at 1/2 of the
starting charge, or Q/2. Record.

9. Again, touch the uncharged ball on the glass rod to the suspended ball. Remove and
ground the ball glued to the glass rod. The suspended ball now has 1/2 of the previous
charge so 1/2 of Q/2 is Q/4, 1/4 of the original.

Data Table:
Trial Suspended Ball Charge Separation R between
Plate and Ball in (cm)
1 Q
2 Q2
3 Q/4
Theory:

Coulomb’s law states: F.=k Q,;Q,/R? so, F.! Q,Q..

Thus, Fi ! (Q1)(Q) =QiQ
F2 1 (Q)(Q2) = Qu(Q/2) = QiQ/2
F3 1 (Q)(Q/4) = Qi(Q/4) = QiQ/4
Sho, ;he three trials should result in the original force, then one-half the force and then one-fourth
the force.

How to do this???

Observe the displaced ball from the plate and the force vectors at work:



When the suspended ball is
displaced as shown, the
outward electric force
matches the gravity
component F(g).

The weight (W)

of the ball is (W).

Similar ‘s show F(e) or F(g) =X
AW L

Since W and L are constant, F(e) ! X.

F(e) \

F(g)

From the sketch above, as the charge on the suspended ball reduces, so does the displacement
(X). To make X one-half as much requires halving the force on the suspended ball. Reducing the
force to half as much is accomplished by halving the charge. Halving the charge again to one-
fourth as much means the force is one-fourth as much. Example: If X is at 24 cm with a charge
of Q, X would be 12 cm at 1/2 and 6 cm at Q/4.

Analysis:
1. Qualitatively, does the electric force get less when the charge on the suspended ball gets
less?
2. Quantitatively, does the electric force halve when the charge halves?

3. Quantitatively, does the electric force quarter when the charge quarters?

4. What would happen to the electric force if the charge on the suspended ball were halved
again?

5. What would happen to the distance between the suspended ball and plate, if when the
charge were halved again (see question 4)?




Topic 9: Conaeptud Coulomb@® Law Lab/Demo Answer Sheet

Purpos:

Materials:
1.

2.

3
4.
5

6.

Possible Setup: i

Procedure:

ok

Thepurmpo< of this quditative/quantitative lab/demo isto illudrate that the electric
force between two charges dependson theprodud of ther charges.

F (electric)! Q1 x Q2

Use commercia charging plate or make oneby gluing an insulating rod (glass, etc.)
to an aluminumBaker@ Squae pie plate.

Make a condudive sphae. Coa aping pongbdl with graphite paint (conduding) and
glueasmall loopto thebdl andthread a4 m nylon fish lineto make aV and connect
thisV to atall suppot. (Suggestion: A conduding baloonmightbe beter, having
less weight and more charge)

. Make a secondgraphite ping-pongbdl and glueit to aglassrod.

Calibrate a50 cm glass rod with amark every 1 cm. (Use nall polish.)

. Obtain agreat charging device like aVan de Graaff, fur and plastic golf tube or

electrophous
Suppot rods

v

_ O@'_

DO ON A DRY DAY!!

Attach thenylon line holding the graphite ping-pong bal to atall suppot like suppot
rodsin aV shape (see sketch).

Attach the conduding plate with theinsulating handle to a suppot rod on the same
horizontal planeasthebadl.

Pogtionthebdl and plate to jus toud.

Chagethebdl and plate as much as possible so they repd. | will use the convenient
number of 24 cm for theresulting separation. This separation will stay condantona
dry day for several minutes giving you work-time. Call thebeginning chargeonthe
bdl Q.



6. Measure the separation distance between the center of the sugpended bdl and plate to
the nearest cm. Record in thetable.

7. Withoutdday, touch thebdl with the glass rod to the sugpended bdl and removeand
ground(toud it) thebdl glued to therod.

8. Measure the new sepaation with the new chargeon the sugpended bdl at 1/2 of the
starting charge, or Q/2. Record.

9. Agan, touch theundharged bdl ontheglassrodto the sugpended bdl. Removeand
groundthebadl glued to theglass rod. The sugpended bdl now has 1/2 of the previous
chargeso 1/2 of Q/2is Q/4, 1/4 of theorigind.

Data Table:
Trid Sugpendad Ball Charge Separation R between
Plate and Ball in (cm)
1 Q 24
2 Q/2 12
3 Q/4 6
Theory:

Coulomb@law states: Fe=k Q:Q,/ R? s0,Fs! QiQ».

Thus Fi ! (Q1) (Q) = Q:Q
F2! (Qu) (Q/2) = Q1(Q/2) = QuQ/2
F3! (Qu) (Q/4) = Q1 (Q/4)=QQ/4
Sho,fthethree trials should result in the origind force, then one-hdf theforce and then onefourth
theforce.

How to do this??? (Method given beow)

Observe thedisplaced bdl fromthe plate and theforce vectors at work:



When thesugpended bdl is
displaced as shown, the
outward electric force
matches the gravity
component F(g).
Theweight (W)

of thebdl is (W).

Similar @ show F(e) or F(g) = X
w L

SinceW andL arecondant, F(e) ! X.

FE) w_

F(9)

From the sketch above as the chageon thesugpended bdl reduces, so does thedisplacement
(X). To make X onehdf as much requires having theforce onthesugpendel bdl. Redudng the
force to hdf as much is accomplished by hdving the chage Halvingthe chargeagan to one
fourth as much meanstheforceis onefourth as much. Example: If X isat 24 cm with acharge
of Q, X wouldbel2cmat 1/2 and 6 cm at Q/4.

Andyss:
1. Quditatively, doestheelectric force get less when the charge onthe sugpended bdl gets
less?

Yes

2. Quantitatively, doestheelectric force hdve when the charge hdves?

Y esN shown as X becomes 12 cm, so Fis %.

3. Quantitatively, doestheeectric force quater when the charge quaters?

Yes. X goesto6cm, so FisVa.

4. Wha would happen to theelectric force if thecharge onthe sugpended bdl were hdved
agan?

F hdvesto % of ¥4 or 1/8.

5. Wha would hgpopen to the distance between the suspended bdl and plate, if when the
chagewere hdved agan (see question 4)?

X hadvesto 3 cm.




Topic 9: Electric Forces Worksheset

Electrical Background:

1.

2.

Two chages exist in naure, theplus(+) and negdive (-).

An electric force field originaes from a + chargeand terminaes on a- charge

Lineof % +f/ X‘/
Forc <+« O —» —» & —>
N AN

Like charges repd and unlike charges attract.

At theatomic level, an elementary chargeisthe smallest anountof chargeat 1.6 x 10
Coulombs Any larger charged object would have awhole number multiple of 1.6 x 10*° C.

Theforce between two charged bodiesis directly propottiond to their produd of ther
charges andinversely propottiond to ther separation. Thisis Coulomb@ law:

F=kQiQ:/R*N
Unitsare: F(N), k(Nm?/ C?), Q(C), R(m)
An electric force field isjud the vector sum of al the surroundng charges.

Activity (Vectors Applied):

4cm 4cm 4cm

A pluschargeis shown ontheleft. At 4 cm from the+ is point A, at 8 cm, point B and at
12 cm, paint C (doubk andtriple thedistance). If theforce between the+ chargeonthe
left and oneelementary chargeat A is 3.6 Newtons.

(8) Wha isthesize of theforce with the elementary chargemoved to B?
(b) Wha isthesize of theforce if the elementary chargeis moved to point C?



(c) Let 1 cm represent 1 Newton of force and draw onthe abovesketch theforce vectors
a pointsA, Band C.

. Usingthe same pluscharge, asin activity 1, draw theforces on oneelementary charge
placed at A and oneplaced at B. Both elementary charges are 4 cm fromthe pluscharge
(Use same scale.)

+
¢ ________Q
|
|
|
|
|
|
|
:
1
o

A

. Usingthesame pluschage asin activities 1 and 2, draw the NET force ontheplus
charge caused by oneelementary charge placed at A and oneplaced at B. A is4 cm from
thepluschargeand B is8 cm. (Use same scaleasin 1 and 2.)

A

1
1
1
1
1
1
:
]

. Draw the NET force at paints A, B and C caused by two equd pluscharges as used for
activity 1, 2 and 3anduse thesame scaleasin 1, 2 and 3.



6. Samerulesasin activity 1 usng 2 pluscharges.

7. A wire hastheleft end connected to a postive electrodeof a batery and therightend
connected to the negaive of abatery. Wirestranamit theelectric field, so when afree
electron (-) isobserved at point A, wha happensto tha electron?

Wire A

1\
O

Battery /




+ - Conduding Topto Transfer Charges
Movéble Condudor (Pointer)

Pivot
|

Fixed Condudive Shaft

Theelectroscopeis a device to show the presence of a net charge of abodyby touding
or by jus coming near. Also, the size of the charge can be determined quditatively as
well asthetype + or -. If nonet chargeor very little net chargeis present on the device,
the pointer staysin avertical postion.

If anegdiverodtoudesthetop of theelectroscope some negaive charges (electrong
are tranderred to theelectroscope causng a deflection of themovable painter. Thisis
caused because therod and fixed shat bath have an excess of electronsand like charges

repd.

Net -

Net -~ Pointer
Ne/\
Net -

Shaft

. Draw thepostion of thepointer in thefollowing three situaionsand labd thene charge
onthe pointer and shaft. (Remember, you are adding the pointer.)

() Postive rodtoudesthetop of the electroscope




(b) Postive bodycomes near thetop of the electroscope
>

(c) Negaive bodycomes near thetop of the electroscope

>




Topic 9: Electric Forces Worksheet Answer Sheet

Electrical Background:

1. Two charges exist in nature, the plus (+) and negative (-).

2. An electric force field originates from a + charge and terminates on a - charge.

v t v

Line of + / - /
Forcek/;)— 6 —» —» & —»

3. Like charges repel and unlike charges attract.

4. At the atomic level, an elementary charge is the smallest amount of charge at
1.6 x 10" Coulombs. Any larger charged object would have a whole number
multiple of 1.6 x 10" C.

5. The force between two charged bodies is directly proportional to their product of their
charges and inversely proportional to their separation. This is Coulomb’s law:

F =kQ,Q,/R*N
Units are: F(N), k(Nm® / C?), Q(C), R(m)
6. An electric force field is just the vector sum of all the surrounding charges.
Activity (Vectors Applied):

1. 3.6 cm 0.9 cm 0.4 cm
|

4 cm 4 cm 4 cm

A plus charge is shown on the left. At4 cm from the + is point A, at 8 cm, point B
and at 12 cm, point C (double and triple the distance). If the force between the +
charge on the left and one elementary charge at A is 3.6 Newtons,

(a) What is the size of the force with the elementary charge moved to B?
F=09N




(b) What is the size of the force if the elementary charge is moved to point C?
F=04N

(c) Let 1 cm represent 1 Newton of force and draw on the above sketch the force
vectors at points A, B and C.
See (a).

2. Using the same plus charge, as in activity 1, draw the forces on one elementary
charge placed at A and one placed at B. Both elementary charges are 4 cm from
the plus charge. (Use same scale.)

O ———————=

3.6 cm/N

3. Using the same plus charge, as in activities 1 and 2, draw the NET force on the
plus charge caused by one elementary charge placed at A and one placed at B. A
is 4 cm from the plus charge and B is 8 cm. (Use same scale as in 1 and 2.)

s B
Q _________________________ °— 0.9 cm/N

3.6 cm/N



4. Draw the NET force at points A, B and C caused by two equal plus charges as
used for activities 1, 2 and 3 and use the same scale as in 1, 2 and 3.

ZERO NET FORCE (cancels)



7. A wire has the left end connected to a positive electrode of a battery and the right
end connected to the negative of a battery. Wires transmit the electric field so
when a free electron (-) is observed at point A, what happens to that electron?

Wire A

1\
O

Battery /

The electron is forced to move to the right (electric current).

Conducting Top to Transfer Charges
Movable Conductor (Pointer)

Pivot

Fixed Conductive Shaft

The electroscope is a device to show the presence of a net charge of a body by
touching or by just coming near. Also, the size of the charge can be determined
qualitatively as well as the type, + or -. If no net charge or very little net charge is
present on the device, the movable conductor stays in a vertical position.



If a negative rod touches the top of the electroscope, some negative charges
(electrons) are transferred to the electroscope causing a deflection of the movable
pointer. This is caused because the pointer and fixed shaft both have an excess of
electrons and like charges repel.

Net -

Net - Pointer
Ne/\

Net -
Shaft

. Draw the position of the pointer in the following three situations and label the net
charge on the pointer and shaft. (Remember, you are adding the pointer).

(a) Positive rod touches the top of the electroscope.

0

AN
I\

(b) Positive body comes near the top of the electroscope.

0

I\

d

(c) Negative body comes near the tope of the electroscope.

-



Topic 9: Demonstrations — Electrostatics, Conduction-Induction, E Demo

(A) Electrostatics (Only doing ONE CLASSIC—too many to discuss.)

Purpose: To observe that like charges repel and unlike charges attract.

\

Procedure:

1.

Obtain a quality Van de Graaff generator. Fine-tune by cleaning the top with alcohol and
a rag; use a newer belt that isn’t too loose; adjust the pick-up comb to grab electrons but
not touching the belt—try about 2 mm.

Obtain enough Styrofoam to support your largest football player about 20 cm off the
floor to prevent arching to the floor.

Tape five or so cotton threads about 20 cm long around the ball to look like hair. Turn on
for a few seconds to charge. Electrons are transferred from the base to the ball. The ball
and thread have the same charge so repel.

Uncharged Charged\ /

Ask, “What would happen if we put a student on an insulating platform and charge
him/her up”? Choose the student(s) with the clean, thin and dry hair for a hair-raising
event. Blonde hair is thinner and tends to work best; shoulder length works nicely but
long hair can work too; trying several will always fake you out as to what should happen!

To discharge the student:

(a) Step down and watch and listen for the spark, or

(b) Hand the student a meter stick while you continue to hold on and charge will quickly
dissipate, but no spark; most students prefer keeping their charge to try to zap the
nearest student!



Other Quick Ones (I can’t help myself, but just a few.)

(a) Rub a new sheet of paper with fur while lying on the desk; remove by lifting a corner and
it sticks to a clean blackboard. Repeat with a second sheet and place it on top of the first
sheet; they will stick together while both being stuck to the blackboard. Explain.
(Induction, but you do the drawings.)

=1

(b) Rub two sheets of new paper with fur on a desk; pick them up by their corners and hold
those corners together and observe. Explain.

(c) Charge a Styrofoam cutout and golf tube with fur and make it float—fun and a

challenge.
0 )

(B) Conduction and Induction

(TWO CLASSICS)

Two Conducting Spheres
Van de Graaff
Electroscope

Fur e
Ground

Golf Tube () )

B —

~




1.

Charge of the Van de Graaff and Conduction and Induction

Touch each of the two uncharged conducting metal spheres to the uncharged electroscope.
Nothing happens since no net charge exists.

Test for the nature of the charge of the golf tube by rubbing the golf tube with the fur and
touch the electroscope. The scope will have the same charge as the tube, which is negative by
definition, because the fur transfers electrons onto the tube and they are transferred to the
electroscope by conduction (contact). When the tube is brought near the scope, repulsion
occurs between the excess electrons on the tube and excess electrons on the scope.

To determine the charge of the Van de Graaff, touch one of the uncharged spheres to the Van
de Graaff. Bring that sphere to the electroscope and touch it. Remove the sphere and let the
electroscope settle to a constant deflection. Bring the charged golf tube rubbed with fur
(negative) near the Van de Graaff to see if deflection or collapse occurs. Deflection means
like charge or negative and collapse means positive.

To illustrate induction, charge the Van de Graaff and bring the two uncharged spheres while
touching to around 3 cm from the Van de Graaff while keeping one sphere positioned close
and the second sphere far from the Van de Graaff. Separate the two spheres, keeping in mind,
which was near and far. Touch the near sphere to the electroscope and follow step 3. The
near sphere will be opposite the Van de Graaff or positive. Repeat for the far sphere that will
be negative. See the sketch below.

Left Start Right Start
4+ 4- 4+ 4-

Left End Right End
4+ 3- 4+ 5-

Net Plus Net Negative

—_>
le




Electric Field Demo:

Purpose:

Materials:

1.

(98]

To illustrate (A) conceptually and (B) with numbers, an electric field and
equipotential lines.

Clear plastic waterproof tank with a grid pattern for projection from scientific
suppliers (about 15 cm x 20 cm x 4 cm). One could also use a clear small glass
cooking pan and place a grid on a transparency below the tank.

Variable 0-20V DC power supply with alligator clip leads

Two rectangular electrodes with appropriate size for the tank

Projection voltmeter (0-20V DC) or non-projection analog voltmeter. The analog
doesn’t jump around as much as the digital. . L

Tap water | I

G_

—

Voo . ,

10 cm

(A) CONCEPTUAL

Place cooking oil in a small transparent pan to depth of around 0.5 cm. Uniformly
distribute hundreds of 1-2 mm dark cotton threads into the oil. Place two electrodes at a
separation and turn up the voltage until the electric field pattern is obvious.

(B)

Point Electrodes % _

/ Thread Lines with E Field

QUANTITATIVE
Procedure:

1. Secure two electrodes in the transparent pan at 10 cm apart. They should be parallel
and go nearly across the pan. Electrical tape will hold them down if you do before
the pan is wet.

2. With the electrodes secured, mark a plus and negative on the grid so the students
can see when projected. Fill halfway with water after being positioned on the
overhead.

3. Attach the alligator clips from the power supply to the electrodes.

4. Turn on the overhead and focus the grid on the screen.

5. Touch the plus probe of the voltmeter to the plus electrode and the negative probe

to the negative electrode. Set the voltage across the 10 cm at 10 V. Keep at 10 V.



10.

11.

Next, place the plus probe at the 8-cm line and the negative probe at the 6-cm line
IN THE WATER. What is the potential difference between the two lines measured
in volts?

2V

Repeat #6 between the 5 cm and 3 cm lines. What is this potential difference?
2V

Repeat #6 between the 4 cm and 2 cm lines. What is the potential difference?
2V

Discuss the meaning of the answers to 6, 7 and 8.

(The same energy per charge (voltage) occurs at equal spacing between parallel
electrodes.)

The electric field is defined as the force on a positive test charge or,

- -
E=F/(+q).
If the test charge is pushed in the direction of the field through a displacement of A
d and we multiply both sides of this definition by A d the change in position, we
get:
Ad (E)=Ad (F)/ +q.

Recall that force times the distance the force acts is work, so, A d F = work (W).

Also, work per charge is voltage, so E = V/Ad, or just

E =V/d.
The unit for the electric field is Newton per Coulomb or practically, volt per meter.
2V/0.02m =100 V/m

Calculate the electric field in questions 6 (100 V/m), 7 (100 V/m) and 8 (100 V/m).

Guess the value of the electric field everywhere between the electrodes?
100 V/m




Check your guess by holding the probes at a 2 cm spacing and moving the probes to
many locations between the plates while keeping the probes perpendicular to the
electrodes.

DEMONSTRATE EQUIPOTENTIAL LINES

12.  With the two voltmeter probes spaced at 2 cm, place the probes in the water on grid
lines that run parallel to the parallel electrodes. What is the reading?
ov

13. Repeat 11 on a different parallel line. What is the reading?
0oV

These parallel lines are called equipotential lines since all points are at the same
potential energy value. Note that the equipotential lines are perpendicular to the
electric field lines.

FOLLOW-UP QUESTIONS:

Two-point source electrodes produce the following equipotential lines between the

electrodes. 3V
2 4V
1 5V
+ Al -

O O

What would a voltmeter read placed at:

. AandB? 2V-1V=1V

2. BandC? 2V-1V=1V

3. AandC? 2V-2V=0V

4, BandD? 4V-1V=3V




Chales Coulomb (1736-1806)

An interest in magneism indued Charles Coulomb to enter a competition sponored by
the Paris Academy of Sciencein 1777 He shared first prize for his pgoer on magneic compasses
and an additiond prize for hiswork onfriction.

While Coulomb had been experimenting with compasses, he noticed tha dighterrors
were introduced by friction acting on the pivot tha hdd the magneized needle. He invented a
compass that had its needle sugpended by afinethread. Thethread was an improvement, butit
twisted. Coulomb realized tha the amountof twisting was related to the Earth@ magneic field
applied to theneedle. Thisled him to theinvention of thetorsion bdance. (English geologist
JohnMichdl isreported to have anticipaed Coulomb by devising atorsion baance around
1750) Coulomb developed atheory of torsionin silk and har threads Here hewas thefirst to
show tha this techniquecould accurately measure extremely small forces. Thetorsion prinaple
applied equdly well to magndic forces. It isinteresting to note tha he never actudly calculated
theforces between the electrical charges or themagndic poles. Indead, heverified tha theforce
between two eectrical or two magndic pdesisinversely propottiond to thesquae of the
distances between them.

Here it seemstha onae agan Coulomb had been anticipated; Henry Cavendish had
independently discovered GCoulombs LawObut neglected to publish his work. Cavendish didn®

come to lightuntil fifty years after his death.



Charles Augugin Coulomb (1736-1806)D Civil Engineer

Coulomb was bom to wealthy parents and grew up in Angouleme in southwestern
France. Henry Coulomb, CharlesCrather, log thefamily@ money througha series of bad
finandal investments. His parents separated and Charles, after a disagreement with his mother
abouthis career choices, went to live with hisfather.

AlthoughCharles had afine education, he needed mathematics tutoring to secure his
admission to engineering school. He graduaed as a lieutenant in themilitary Corp of Engineers
and spent severa years building fortificationsin the West Indies. On hisreturn to France, he
continued his career as a civil engineer building windmills and other water works projects.

Coulomb made significant contributionsto thefield of civil engineeringin theareas of
structural design, soil compaction, strength of materials and frictiond forces in solid and fluids
He recognized that different materials produce different amounts of friction and tha the
frictiond force in solid material is propationd to the normal force between the materias. He
developeal atorsion bdance tha enabled him to study theforces between electric charges or
magneic poles. Coulomb extended the conaept of thetorsion baance to thetorsion pendulum
and by immersing the penduluminto afluid observing the period of ostillation he could
determinetheviscosty of afluid.

Perhapsequadly as great as his discoveries was his application of Newton® calculus

throughouthis work. Coulomb firmly established mathematics as thelanguaye of physcs.



Millikan’s Oil Drop Experiment

Did Robert A. Millikan (1868-1953) design the famous experiment which helped him
earn a Nobel Prize?

Not entirely. Much of the credit should have gone to his graduate student Harvey
Fletcher, who was not even named co-author of the key relevant paper. Originally Millikan
experimented with water drops but unfortunately the single droplet had evaporated too quickly to
allow for accurate measurements. Fletcher was assigned the job of finding a suitable liquid for
the experiment. He immediately got a crude apparatus working using tiny droplets of watch oil
made with an atomizer he bought in a drug store. When Fletcher got the busy Millikan to look
through the telescope at the dancing (Brownian motion) suspended oil droplets, all work with
water ceased.

A couple years later the team had the results they were after and were aware of its
significance. Millikan approached Fletcher with a deal. Fletcher, as sole author, would publish a
paper on Brownian motion for his Ph.D. and Millikan would be the sole author on the unit
electric charge (e’) work. There is little doubt that both men understood the implications.
Millikan would take sole credit for the work on the electric charge,“e’,” and establish his
reputation. Fletcher, although, disappointed, accepted the deal. This incident was the source of
rumors that Millikan mistreated his graduate students.

The two men remained friends but Fletcher saw to it that this version of the story was

published: after the death of both men.



JohnBardeen

Inwasin thespring of 1947 at Bell Labs tha theteam of William Shodkley, Walter
Brattain and JohnBardeen made oneof thegreatest discoveriesin thefield of science and

technology. Thetrandstor.

Thediscovery started outas a problem Shodley had put to Brattain and Bardeen.
Shodkley had developed an amplifier that didn®work and asked theteam to find outwhy. At the
heart of theamplifier was a crystal made of silicon (severa monthslater thesiliconwould be
replaced by germanium). To figure out what was going on, Bardeen had to remember some of
the quantum mechanics research tha he had doneon semicondudors at Princeton. Johnhad

some new theories hewas working on.

By observing Walter Brattain® experiments, Bardeen realized tha everyonehad been
assuming electrical current traveled throughall parts of thegemaniumin asimilar way. That
was wrong! Electronsbehaved differently at the surface of themetal. If Brattain and Bardeen
could control what was hgppening at the surface, the amplifier should work. It took more than six
monthsbut they had succeeded. They had built thefirst paint contact trangstor. After the
invention of thetrangstor, themoodin thelab soured. Shodkley was resentful tha he missed the
invention. Not to be outdone Shodley advanced the design on his own by developing the more

stable jundion or sandwich trangstor.

It was a Thursday morningin November in 1956,when JohnBardeen was making
breakfast and listening to theradio. As he scrambled eggshe heard an announ@ment that the
Nobd Prize in Physcs had been awarded to him, Walter Brattain and William Shodley for the

invention of thetrangstor.



