Current conservation, power and
fundamental circuits

Review:

|= cAV/d =V/R

where A is a cross section area of a wire, d is length.

V is the voltage across the wire. We call the quantity
characterizing the material conductivity o.

Inverse of o is called resistivity p, p=1/0

R=p d/A



Resistance

 Valid for “ohmic” devices mainly metallic
conductors at constant temperature.

(b) Nonohmic materials

(a) Ohmic material
. The curves are not

The current 1s directly . < { linear and don’t have
] « proportional to the DlOde\ i a well-defined slope.
§ potential difference. :,
The resistance is Lightbulb
_ 1 filament
slope
AV
AV
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Conservation of current

(b)

Junction

\ <

Constant diameter

What 1s the /
/ Input currents W

output speed?

Water flows

in at 2.0 m/s. Hose
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Q3. What is the magnitude of the
current flowing through the
conductor at the bottom?

2A

4 A



Circuit elements
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Junctiomn Switch
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Hattery Wire Kesistor Bulh

A ® | ——

—'|\||i

Elements with negligible resistance---Wires.
We assume that there is no potential difference across a wire.



Electrical Hazards
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120V
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Electrical Hazards

Feel: ImA
pain: few mA
deadly: over 70mA



Electrical Power

>~ VQ/t = VI
Unit: Watt (W) = VA
W, MW, GW




Electrical power on the ohmic
device
« P=VI
» V = Rl (Ohm’s Law)
+ P=V?R = I?R
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Q2. The 60 W bulb is working at
120V. What is the current flowing
through the bulb?
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Q3. The 60 W bulb is working at
120V. What is the resistance of the
bulb (in ohms)?



Fuses and switch

Fuse
ribbon

Compressed antact
spring fpomts ~
/ — )
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Ou.tSIde | = . Metal
switch Strip
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Bimetallic - ® To electric
strip e circuit .
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(b) Circuit breaker (c) Circuit breaker

(closed) (open)



Q4. The voltage across the nail is 2V at
25A. What Is the resistance of the nall
(in Ohms)?

=



Q5. The voltage across the nail is 2V at
25A. What is the power dissipated in
the nail?

=



Kirchhoff's rules

« At any junction point, the sum of all
currents entering the junction must equal
the sum of all currents leaving the junction.

( Conservation of charge)

* The Sum of the changes in potential
around any closed path of the circuit must
be zero



(b) AV

Start and < L g, Loop
end here. ™ Ff tj
A / \ A
AV, AV,
V = = V
l,..»\ Y, \
Add the potentiﬁfl ‘
differences around < >
the loop. AV,

Loop law: AV, + AV, + AV, + AV, =0



Combinations of resistors
 Resistors In series:

* V=V,+V,+V; = IR+ IR+ IR,
* Req = V/I =R+ R+ Ry




Combinations of resistors
Resistors in parallel

| = I, ++l; = V/ R, + V/ R+ V/R,
| = VIR,
1/Rgq = 1/ Ry+ 1/ R+ 1/R3




Combinations of resistors
Resistors in parallel

1/Rgq = 1/ Ry+ 1/ Ro+ 1/R;
Req = Ri'R2'R3/ (Ri"Ry + RyRs + Ry"Ry)
Notice R, Is smaller than all of them!




