Electrostatics

Nothing new here, we could just
skip this unit...

Well, maybe not



Statics Activity
Can you charge up objects to show:

The electroscope charge by conduction?
The electroscope charge by induction?
Two strips repel each other?

Two strips attract each other?

A strip attract a stream of water?



Brnu. silver
Gold, platinum
Acetate fiber (Rayon)

Cling film
Polyethylene



Van der Graaf

 |If we hold on to the
dome, we can dome - -
become charged

e Since our hairs all
have the same >

rubber band: This A

Charge; they repel carries the charges

. to the dome., ——— |
» Conversely, opposites
attract




Static Charge

- Every atom of matter The Atom
IS made of a dense,
+ve nucleus
surrounded by -ve
electrons.

 We can charge by =
conduction, induction, (v)
or friction



Static discharge



../../../Videos/Static discharge.mp4

How much?

* Electrons and protons have
the same charge
magnitude:

e=1.6x1019C

« Ex: a bolt of lightning
transfers 10 C in a fraction
of a second. How many

electrons is this?
10C

_Q :1 1 —19C :6.25X1019
n== 6x10 A_

e




Electric Force

« Recall gravitation: ==

Very similar to our Fg formula, if

we replace “mass” with “charge” F
we have:

Where:

Q and g are the two charges in Coulombs
k=8.99x10° Nm24/C?2 and
r is the distance between their centers




Ex 1:Find F

* What is the net force acting on a 8.0uC
charge from the smaller 0.25 uC charge?

2 5x077C ROx10°C

T ®

2.0m

7.0'm .

r’TI.I
X



kQq
F=—
s

9x10° an%,z 2.5%x107C-8.0x107°C

I = (7m)2

F, =0.00037N



Electric Field

 Also related to gravitational field g=F/m

 E=F/q so:
V

* Note: this is a vector, so we can find the
field at any point relative to two or more
charges


http://www.youtube.com/watch?v=bG9XSY8i_q8

Exercises

e p. 198 #20-21
* Activity



Direction?

* The direction of electric field is defined as
the direction of force on a positive test
charge

* Note: field lines never cross! \ 1/

i{a) A single positive charge
{compare Figure 21.16)



Which of the following shows the electric field for two opposite unequal point charges?

G
B A










Ex 2:Find E

* What is the electric field 0.25 m to the right
of a 0.5 uC charge?

kQ  9x10°Nm/ (05x10°C)
E — —2 E =

(0.25m)’
V
E=T2 /d% Right



Two positive point charges are placed 3.0 m apart as shown,

» 3.0m »
(+) . @

+2.5%x10°°C +5.8x10°% C

What is the magnitude of the electric field at point P midway between the two charges?

kQ  9x10° Nm%2-2.5><10—6c
Lo=— k=

. (LsmY

E =10kN/C -



Two positive point charges are placed 3.0 m apart as shown.

kO b

|"\
— (® .
2 +2.5x10°°C P +5.8x107° C

@JL

What is the magnitude of the electric field at point P midway between the two charges?

9%10° NM%z 5.8x10°°C
E =
i (I.Sm)2

E, =23kN/C «
E=E +E, =10kN/C +(-23kN/C)

E=E +E,=13kN/C «



Exercises

+ p. 198 #20-21
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charge
connection
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Get him to the Greek!

Greek Letter Mame Equivalent | Sound YWhen Spoken
A a Alpha A al-fah
B B Beta B bay-tah
I' ¥ Gamma G gam-ah
A D Delta D del-tah
E ¢ Epsilon E ep-si-lon
YA Zeta Z zay-tah
H 1 Eta E ay-tay
= 0O Theta Th thay-tah
I 1 lota | eye-o-tah
E «x Kappa K cap-ah
A A Lambda L lamb-cdah
M p Mu M mew
N v Mu M new
= & Xi X ZzEye
Q0 o Omicron 8] om-ah-cron
II = Pi P pie
P p Rho [ row
L 0O Sigma S sig-ma
T = Tau T tawh
Y o Upsilon U oop-si-lon
R Phi Ph figh or fie
X Chi Ch kigh
¥ oy Psi Ps sigh
2 o Omega ) 0-may-gah




Charge | m— /
: : +Q ——>1-0 E
More Electric Fie, =~ “I——
Ate AICA | m——p
2| —
« Also related to voltage —
 If you cross a voltage V in - —
distance d we get ectiie 723
’ t1e]ld E | m—m ;
— N
g 3.5%x10 g
C—?— 6 _OSSALFH:}HCFQ

 Ex 1: A capacitor is connected to a 6V
battery. What is the capacitance if it
stores a charge of 3.5 uC?



Supercapacitors!

Electrolytic Electrochemical double-layer

FUICED Trs Fosl Good Car will wis EESDr
i by 2008



[10,10] nancahube © T
larmechzie| L




How much charge?

* The capacitor in this bus charges at 1 MW
of Power at 240V for 10 seconds at each
bus stop. First: how much energy?

p==
{
£ =Pt

E=10°W-10s =10’ J



How much charge?

* The supercapacitor charges at a MW of
Power at 240V for 10 seconds at each bus
stop. )

q—K __10J 42000C 2!
Vo 240J/C B




el d

* How high?
— Potential is energy per unit
charge

— Charges that “fall” across this
potential difference lose
potential energy and gain

Kinetic energy
/4
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Capacitor activity

* Use a voltmeter to set a power supply at
2.7\

* Measure current of capacitor as it charges,
every 10sec

« Sketch a graph of its charging curve




-~

Cathode Ray Tube (CRT)

Yartical

_ _ Phosphor-
Focusing Deflection Coated
System Plates Screen
Electron
Cr:-nrjectnr Electron Horizontal Beam
Pins Gun Deflection

Plates

Figure 2.4 from H&B y




Cathode Ray Tube (AKA electron gun)

electron
« Ex 1: what is the  cathode beam

- lerating
accelerating deee
anodes
potential (AKA

Voltage) if the d

electrons are | 5%
focus

accelerated to o
0.1c? deflection

colls
phosphorescent

W:qV:—AEk screen




electron

1 cathode beam

accelerating

deflection
V p— coils
phosphorescent

2q
0,110 kg - (3x107 '%)2

2-(-1.6x10°C])
V=2.6kV

V —




f R
e Deflection Cathode Ray Tube (CRT) ey

— The greater
the deflection
potential, the s
greater the g e

Phosphaor-
Coated
Screen

deflection

Electron
Conr_lectcr Electron Horizontal Beam
Pins Gun Deflection
Plates

Figure 2.4 trom H&B j




« Ex 2: How
much
deflection will
we observe if
we decrease
the deflection
potential to

100V?

-

Cathode Ray Tube (CRT) ¥

Sl
o

Vartical Phosphaor-

Focusing Deflection _— Coated

System Plates
Bace .'ll X Screen

1 Electron
Conrjector Electron Horizontal Beam
Pins Gun Deflection
Plates

Figure 2.4 trom H&B j

= —.10cm =2.5¢cm



Exercises

* p. 162 #1, 2, 3a-C
» Careful, electrons fall up!


https://www.youtube.com/watch?v=BIj0OEA9Q7o

Potential Energy

Similar to gravitational potential energy we have
electric potential energy

The main difference is this can be positive or
negative, depending on the charges

®Opposites: Owe; Like Charges: Dough! ™

y & P
i&\ . 4

i
3

. ?«ig;\& I
“MONEYTALKS?:



../../../Videos/AC_DC - Moneytalks.mp4
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Ex 1:Find Ep

* What is the potential energy of an electron

in a H atom?
r _kQq
P A

9x10° Nm’/ (-1.6x107°C)L6x107C

= (5x107" m)

E,=-4.6x10""J



Order of the universe in 12

steps
¢« 10¥®m « Observable universe
« 1040 « Milky Way
« 1075 « Solar System
« 1070 « Giant Star
¢ 10° « Small moon*
« 100 « Human

« *That’s no moon, it's a space
station!




Order of the universe

109m « Human

10~ « Bacterium

10-10 « Atom

10-15 * Nucleus

10-20 * Quark

10-2°  String?

10-30 « Quantum Gravity?

10735 « Planck Length o B

rrrrrrrr



The Atom

Ex 2:Find E,
T

* What is the electric potential energy of the
protons in a He atom if they are 1fm
apart?

9x10" N/ (1.6x10™CL6x107°C

FE =
& [1 O_lsm)

E,=0.23pJ




Electric Potential

* This is analogous to field being force per
unit charge

» Potential is the energy per unit charge (c.f.
elevation)

o J/IC=Volts r
y kO

4



Ex 3:FInd V

* What is the electric potential midway

between -2uC Cujo and 2uC Killer if
they are 2m apart?

« Cujo: = k_Q
r
V:9><109 Nm%fz (~2x10°C)
m



Ex 3:Find V

e Killer:

- kQ %EJ

9%10° NM/ 2x10°C)
v C’

1m

V=18kV

- Overall: |/ = _18kV +18kV =0



Equipotential lines

* Always perpendicular to field

AN
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120 V -120 V

Potential Dif |

proton

» We can use the potenti: ,ﬂ/
between two points to s
since:

W =qAV,

* Ex: what is the change in potential
energy as the proton moves across this
capacitor?



W =qAV,
W =1le--240V

e Sometimes use the unit of
eV for energy

W =-240el
leV =1.6x10"J

W =-384x10"J




Energy Conservation

* |f the proton has lost potential energy
travelling from one plate to the other:

AE=0
then it has gained kinetic energy

* What is the maximum speed of the
proton”?



AE =0
AE, = —AE W

P () —-

AE, =3.84x10""J

2E,  [2-3.84x107"J

Vm | 1.67x10 kg



Exercises

+ p. 166 #1-5

» \What are you doing Friday? Quiz?
What's up with that?

» Chapter Review p. 166-8



http://www.youtube.com/watch?v=06XMlf3ga1E
http://www.youtube.com/watch?v=UDTZCgsZGeA&NR=1
http://www.youtube.com/watch?v=PFQjyAaFLTs
../../My Videos/VIDEOS/What's up Latest.wmv

-120 V

More Cape ' -

 \WWe can also find the ele
potential difference sinc

E = b,
Ar

* Ex: what is the magnitude and direction
of the electric field in this capacitor?

=<=—— 1.25cm —



E = €

Ar

P 2401V
0.0125m

E=19.2 kN/C 5 right




More Potential Difference

Ex: What is the electric potential
difference between points P and R due to

the fixed point

charge Q7? E"\

-CJ}\
8
_Jf)

7
R \ |
®Ho=2.0x107C

.
le—— 040 m ——|



y kO ;\“\w

B o=2.0x107C
le—— 0.40 m ——|

9><109N”’I7C2-2.0><10‘7C

V, = _
P 0.50m VP =3600V
kQ 9%10’ Nm72-2.0><10—7c
Ve =—" vy, - C
R
Vp 0.40m

V,=45000 AV =V, —V, =900V



Work done

 How much work is done in moving a
charged particle?

Work done

=qAV for a known potential difference
= AE,, for point charges
*Don’t use W=Fd! F is usually not constant!!

Exception? W=qgEd for a uniform electric
field

Ex: how much work is done in ionizing a
H atom?



* Work done is change in
potential energy

1 1)
W =AE, =kQq
\1”2 h J
W = 9x10° Nm%j2 (—1.6><1019C)1.6><10lgC(;—(le(l)um)j

W=46x10"J



Ex 2: find the work done on the
.25 uC charge

2.5%107°C R.0x10°°C
D *) &
— 2.0 m —|
e 7.0 m ]




W =9x10° NM%Q (2.5x107 C)8.O><106C(

W =1.03x10"J

WzAEp
4 3\
W =kQq L
\2 ")

R.Ox10°C

1 1

Sm Tm

)



Proton Gun?!







A proton, accelerated from rest through a potential difference of 1.2x 10" V, is directed at a
fixed 5.0x10™° C charge.

. e d —>]
R @
5.0x10°C
fixed

12000V 0V
(Diagram not to scale.)

a)  What is the speed of the proton as it leaves the parallel plates? (4 marks)

AE, =gAV AE, =—AE,
AE, =—gAV =—{1.6x10™°C)~12000)



A proton. accelerated from rest through a potential difference of 1.2x 10* V. is directed at a
fixed 5.0x “I_ﬁ C g]'m]‘gc_

AE, =1.92x107°J

50x10°C
fixed

12000V 0V
k (Diagram not to scale.)

\ , _ a)  What is the speed of the proton as it leaves the parallel plates? (4 marks)

m

2.1.92x107"J
1.67x107* kg

v=1.52><106mS



b)  What is the distance d from the fixed charge when the proton is stopped?

ol

- 9x10°Nm*’C™-1.6x1077°C-5.0x10°C
1.92x107°J

r

v, =3.75m



Two protons are itially held atrest 2.5 x10"

® ®
e 2.5x 107" m—»|

[f one of the protons is released as shown below, what is its speed when itis 8.0x10

from the fixed proton?

®

<

W=AE,
(1

10

m apart.

8.0x10™m

1)

W =kQq

/>

(F)—>
>

10

m
(7 marks)



W =9x10° Nm%z (1.6><1019C)1.6><1019C( : :

8.0x10""m 2.5x10"°m

J

2F, 2:6.34x107"°J

V' m \ 1.67x10 kg

_ 4 m
v =2.75%10 A



1AY

A A A A A A A A A A A A A E“ T
(=) —1:- 24107 m
electron i
156V

What are the magnitude and direction of the electrostatic force on the electron while 1t is
between the plates? (5 marks)

o gAV
d
- —1.6x107°C-156V
0.024m

FIQE F=q

F



1AY

A A A A A A A A A A A A A E“ T
(=) v 24%x10° m
electron i
156V

What are the magnitude and direction of the electrostatic force on the electron while 1t is
between the plates? (5 marks)

F=-1.04x10"N

* The negative reminds us that for a negative
charge, force is in the opposite direction as
field

e . Forceis downward



Equipotential lines

e Similar to a contour map
 Shows areas of equal potential
» Always perpendicular to field lines




%2 LIVEWIRE

\/

eslic Willis was the rudest
Lr.nlm star in Metropolis, filling
her broadcasts with rants against
5|,I|:-|.'r:|1'|.'|.r|.. But the Man of Steel
gave her the ju It of her life! Asa
'I|1I:||'|-i|1'r"~||.1r|'|'| I-'I:_:I.'il alb A Condoert
promaoting her radio show, a bolt o
lightning passed through Superman’
]'HH[_\.' and turned Leslie into Livewire
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power in all its Forms, making ber a
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Supcrman silly!

BRAINIAC

Livewire cansed a shock when she
saved the world! When Brainiac was |
about to press a button thar would | = Livev

s Live
cach u

detonate every atomic bomb on TOgELIE S

Esrth, Livewire used her powers o l:]ujnn

short-circuit the nuclear nightmare! Bargirlss 5
“ up her S
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1. The diagram below shows some lines of equipotential in the
region of an electric field.

J 1"
A. B.
E E
Which graph best shows the
magnitude E of the electric field
strength along the line XY?
I I I I
X Y X Y
position position
C D.
E E
I I I I
X Y X Y

position position



Review

V=potential
Ep=potential energy
F=force

Q=charge

r=radial distance
Delta=change in...



Review

» Chapter Review Questions p. 166-168
1-15 (Bonus 16-18)

* Test Yourself p. 169-172 1-17
* Chapter 5 test Thursday?!



