Frogs, lorpedo Fish, and the Pile

*  Around 1780, Luigi Galvani and Alessandro Volta were doing
something similar to this:

https://www.youtube.com/watch?v=Mp|fGliwZfE

*  The origin of “animal electricity” was hotly contested: Galvani
believed that it was from within the animal and was therefore a special
type of electricity.Volta believed it was electricity from outside the
animal causing it to twitch.

»  Other types of electricity generation in animals had been found
before, such as in torpedo fish, for example.The origin of this animal
electricity was unexplained.

BBC The Story of Electricity, Ep. |, 46:00-52:00



The first battery was born

» Volta proved there was only one kind of electricity. Animal electricity

was no different than what could be generated by a Hauksbee
machine and stored in a Leyden jar.

» Thanks to the torpedo fish, through his invention of the pile Volta had
also invented the first battery! This was an early example of
technology arising from biomimicry.

Biomimicry — an approach to
innovation that seeks
sustainable solutions to human
challenges by emulating nature's
time-tested patterns and
strategies.
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Resistivity

* The resistivity of a material 1s the ratio of the electric field in
the material to the current density it causes: p = E/AJ.

e The conductivity 1s the reciprocal of the resistivity.

* The table below shows the resistivity of various types of
materials.

Table 25.1 Resistivities at Room Temperature (20 °C)

Substance p(Q-m) Substance p(Q+m)
Conductors Semiconductors
Metals Silver 1.47 X 10°° Pure carbon (graphite) 35 % 107
Copper 1.72 X 1078 Pure germanium 0.60
Gold 2.44 X 107° Pure silicon 2300
Aluminum 275 X 1077 Insulators
Tungsten 5.28 X 10™° Amber 5% 10"
Steel 20 X 1078 Glass 10'9-10"
Lead K IOH Lucite >10"
Mercury 95 x 10°® Mica [H=10"
Alloys Manganin (Cu 84%, Mn 12%, Ni 4%) 44 X 107° Quartz (fused) 75 X 10"
Constantan (Cu 60%, Ni 40%) 49 X 1078 Sulfur 10"
Nichrome 100 X 10°® Teflon >10"

Wood 10%-10"



Resistivity and temperature
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Table 25.2 Temperature Coefficients of Resistivi:[ly
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7 T (Approximate Values Near Room Temperature)
Material a[(°C) 1] Material al(°C) ]
Aluminum 0.0039 Lead 0.0043
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Resistance resbvaly

The resistance of a resistor is R =\€)L/A. L - cordecker fogh.
A- - Cross £ar;]rh-\.ﬂ area

The potential across a resistor isLV = Hq ( Doe m;ﬂwj

If V' 1s directly proportional to 7 (that 1s, if R 1s constant), the
equation V' = IR 1s called Ohm s law. Unit of resistance 1s the ohm.

(a) (b)

Ohmic resistor (e.g., typical metal wire): Ata  Semiconductor diode: a nonohmic resistor

given temperature, current 1s proportional to !
voltage. —— ;
v l In the direction of
positive current and
| 1 oltaws. Fincreasias
|Slope = — volt \ge, / InLI'LdbL:
- R nonlinearly with V.
V
O
) v [n the direction of
negative current and
voltage, little current
flows.




Resistors are color-coded for easy identification

This resistor has a resistance of 5.7 k€ with a tolerance
(precision) of =10%.

Table 25.3 Color Codes for Resistors

Value as Value as
Color Digit bl Second digit  Multiplier
Black 0 | Tolerance
Brown 1 10 First digit
Red 2 10°
Orange 3 10°
Yellow 4 10*
Green 5 10°
Blue 6 10°
Violet 7 107
Gray 8 10°
White 9 10°



emf and internal resistance

* An electromotive force
(emf) makes current flow. In
spite of the name, an emf 1s
not a force.

* Note that potential is not
necessarily the same as emf.
Real sources of emf actually
contain some internal
resistance r.

* The terminal voltage of an
em{ source 1s V.

b BoOiE = P
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Power and Energy

Circuit
element

d

© 2012 Pearson Education, Inc

Power: Rate at which P — (Va — Vb)I = V.1

energy is delivered to S s ——
or extracted from a Ressr + VIR 2> P IR

circuit element FE = Pt



EXAMPLE © A 25.0 2 bulb is comnectd aerss fe Jenwimls of
a 120 V bafleny bavig 500 & inted vesichnce, What
percodaqs of e pror b Mo batey s discipated  across fle
vl residiaa and  bevia ¥ owl asldde b R balk P

_ Pr = IZY‘
P‘To'r Iz(ﬁ+r)
= i
R + r
R &8 2
7%.§ n
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Goals for Chapter 26

» To analyze circuits having resistors in series and
parallel

™,

» To apply Kirchhoff’s rules to multiloop circuits

» To analyze circuits containing capacitors and resistors



Resistors in series and parallel

e Resistors are in series 1f they are connected one after the other so the
current 1s the same in all of them (see left figure below).

* The equivalent resistance of a series combination 1s the sum of the
individual resistances: R, =R, + R, + Ry + ...

* Resistors are 1n parallel if they are connected so that the potential
difference must be the same across all of them (see right figure below).

» The equivalent resistance of a parallel combination 1s given by

/Ry = LR, + I/Ry + /Ry + ...
R,, R,, and R5 in parallel

R' E’?IU;PMM
R|, R,, and R in series L)
R R R
a L ¥ . y T
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Kirchoft’s Rules

* Kirchhoff’s junction rule: The algebraic sum of the currents into
any junction is zero: 2/ =0. Clay conad ocunlde d & Judin,

»  Kirchhoff’s loop rule: The algebraic sum of the potential
differences in any loop must equal zero: 2V = 0.

Fw Mv, cjwml 1oop O/nzavs-f M«A’ L::{’ CMM.

(a) Kirchhoff’s junction rule (b) Water-pipe analogy
Junction —
. ’ | I.l j‘
Iy == L5
L The current leaving | The flow rate of
L+ 1 J/ a junction equals the water leaving the
current entering it. — pipe equals the flow

rate entering it.



Sign convention for the loop rule

(a) Sign conventions for emfs

+&: Travel direction —&: Travel direction

from — to +: from + to —:
— Travel — <— Travel —
— I I + —I I+
£ &
'F——) Ky , LooP 2
T 2 LooP |
—_—> _g’* Re
M-
R=
MW

(b) Sign conventions for resistors

—IR: Travel in
current direction:

+IR: Travel opposite
to current direction:

— Travel = <—Travel —
I g | €—
“AAAAT -~ AAAA T

R R

Z\/1 < "":I|E| + Izez = O
57V = ~1,R + 3Kz



Equivalent resistance
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QuicTloh RUE: 1z = SA - T
LooP RUE :© = T2 (€2) + Ta(zp)* 0
- (38 -T3) i + Ts(302) =0

T=z=13v = ZA
9.5 -



A complex network -- can’t be reduced!

> (2) \




Which one of these resistors are in parallel?
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Example

bhas Jrn be 1.004 becayet OF :\w«d}'."c-/l rv-ae Q‘Jf Qa
26.26 + Find the emfs &, and &, in the cir-

1.00 ()2 200V
cuit of Fig. E26.26, and find the potential

al; 6.00 ()
difference of point b relative to point a. W=l YW

1.00 100Q &
%NOOQ@‘ |
a

d VY9 v b

2.00 1 1.00Q & —
® A ——

LeeP |
200 o - (100 A)(1.002) % (1.c0 AY(H.00 2) + (100 4)(1.00 )

- € - (1.00,&)(6.00.!2) =0

Splv?\:\j 'hf\ﬂ a'owut é?’vo‘:l'l\M j}ve{: él = l%. a \/
LeoP C

oo - (a0 a)(oo2) - (2o M(teoR) - € - (2.00 #)(2.002)

~ (1w a)(tico) =0
67_': 7.0 V

=t

—15 ‘F:v-.a' Vlua. 5 Sder-+ G+ a Omal 0\0‘0{ Po"'&vfl' ;0\! CL\AmSG.S' owv ‘h,.e PU:H;l
'{'MG\J‘AS lO Mw:v‘ﬂ O\DO\AD‘ 'h—i l.ower' bromcln:

\[‘m\ = Vo - Vm

n

-(2.00 A)(1.002) - 7.0 A-(2.04)(2.002)
= |'3:0 N (l: 's of 13.0V Jowes Por}z‘ﬂ'?al Tan a)
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