Note-A-Rific: Characteristics

Any path along which electrons can flow is acircuit.

For a continuous flow of electrons, there must be a complete circuit with no gaps.

A gap isusualy an electric switch that can be closed to alow electron flow or

open to cut it off.

Thereis astandard set of symbols used to represent parts of a circuit (you' ve

aready seen a couple).

0 Check out the diagrams on page 641 of the text book... you must

memorize these!

If I wanted to draw a diagram of alight bulb powered by a battery that can be

turned off and on, it might look like this...

S

Most circuits that are found in homes have more than one device hooked up.

Two main types of circuits are series or parallel.
Series - asingle pathway for electron flow between the terminals of the
battery
Parallel - branches, each of which is a separate path for the flow of
electrons

Series Circuit

\
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When the switch is closed, a current exists almost immediately in all three lamps.

Thereisonly one pathway that you can trace with your finger, so thisis a series
circuit.

The current does not "pile up” in any lamp but flows through each lamp.
Electrons that make up this current leave the negative terminal of the battery,
pass through each of the resistive filamentsin the lampsin turn, and then end up
at the positive terminal of the battery.



e The same amount of current passes through the battery, since it is part of the
circuit.
e A break anywhere in the path resultsin an open circuit, and the flow of electrons
stops.
0 Burning out of one of the lamp filaments or simply opening the switch
could cause such a break.

| mportant characteristics of series connections:
1. Electric current has asingle pathway through the circuit.
e This meansthat the current passing through each resistor isthe same.

2. Thiscurrent isresisted by the first resistor, the second resistor, and the third
resistor also.
e Thetotal resistanceto current in the circuit is the sum of the individual
resistances along the circuit path.

3. Thecurrent in the circuit is equal to the voltage supplied by the source divided by
the total resistance of the circuit. (I =V / Riota)

4. The voltage drop (potential difference) across each device is proportional to its
resistance.
e Thisisbecause more energy isused to move aunit of charge through alarge
resistance than through a small resistance.

5. Thetota voltage across a series circuit is divided among the individual e ectrical
devicesin the circuit
e The sum of the voltage drops across each individual device isequal to the
total voltage supplied by the source.

Example: Thisexampleisalong one, so pay attention! The diagram above shows three
light bulbs, with resistances of 3.0Q2, 4.0Q2, and 5.0Q2 hooked up in seriesto a 9.0V
battery. Calculate...
a) thecurrentin thecircuit.
e First we need to find what single resistance R could replace the three true
resistors without altering the rest of the circuit.
e Welet V represent the voltage across all three resistors.
e V adso equalsthe voltage of the battery.
e Welet V4, V,, and V3 be the potential differences across each of the
resistors Ry, R, and Ra.

V1:|Rl V2:|R2 V3=|R3

* Note: The current is the same throughout a series circuit, so it isa constant in all three
formulas.



e Sincethe resistors are connected end to end, the total voltage V is equal
to the sum of the voltages across each resistor, so we have
V=IR
V=Vi1+V,+V3
IR=1R; +IR; + IR3
R=R;+R;+R3

e S0, for severa resistances in series, the total resistance is the sum of the
Separate resistances.
o Thisworksfor any number of resistances.
o0 When you add more resistance to the circuit, the current will
decrease.

e For our example, thetotal resistancein the circuit is
R=Ri+R,+R3
R=3.02 + 4.0Q2 + 5.0Q2 = 12.0Q

e For our example, the current in the circuit is
V=1R
=V /R=9.0V/12.0Q =0.75A

b) thevoltage drop across each resistor.
e Voltage drop is how much of the voltage is used by each resistor.
= Remember to think of voltage as “ pumping power”
= Asthe current goes around the circuit, it loses some of its
“pumping power” at each resistor.
= By thetime the current has gone al the way around the circuit, it
shouldn’t have any “pumping power” |€ft.
e Remember that the current you calculated in (@) isthe current anywhere
in the circuit.
=  Wewill usethis current and the resistance of each resistor to figure
out the voltage drop across each resistor...

The 3.0Q resistor > V = IR =0.75A (3.0Q) =2.3V
The 4.0Q resistor > V = IR =0.75A (4.02) =3.0V
The 5.0Q resistor > V = IR =0.75A (5.02) =3.8V

¢ Noticethat if you take rounding off into account, these three voltages add
up to 9 volts, which is what the battery supplies!
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c) thetotal voltagedrop acrossall threeresistors.

e Weknow that by the time the current has gone all the way around the circuit,
the voltage must drop by 9 volts. Thisisthe answer! If you don’'t believe me,
you can calculate it thisway...

V=IR
= (0.75A)(12.0Q2)
VvV =9.0vV

Parallel Circuits
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Resistors connected in parallel are connected to the same two points of an electric circuit.

e Noticethat in the diagrams above, you could trace three different paths from
one terminal to the other with your finger.

e Electronsleaving the negative terminal of the battery will travel through only
one resistor before returning to the positive terminal of the battery.

e Inthe example, current branches into three separate pathways.

e A break in any one path does not interrupt the flow of charge in the other
paths.

| mportant characteristics of parallel connections:
1. Each device connects at the same two points of the circuit. Therefore the
voltage is the same across each device.
e If youlook at it, each of those resistors is connected to both ends of the
battery, without any other resistorsin seriesin the way.
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The total current in the circuit divides among the parallel branches.

Current passes more readily into devices of low resistance, so the amount

of current in each branch isinversely proportional to the resistance of the

branch.

e Thismeansif one of the branches has a very low resistance the
majority of the current will flow through that resistor.

e Lesscurrent will flow through branches that have high resistance.

Thetotal current in the circuit equals the sum of the currentsin its parallel
branches.

As the number of parallel branchesisincreased, the overall resistance of
the circuit is decreased.

Example: Thisisanother long one! Look at the following diagram with three resistors,

3.0Q2, 4.0Q, and 5.0Q2, hooked up in parallel to a
9.0V battery. Calculate...

I
a) the current in the wire beforeit branches off
R, =3.00 into all the different resistors.
AAA e The current starts at the negative terminal
and runs clockwise.
Rmﬂﬂ e Thetota current that leaves the battery
breaks into three branches |4, I, and I3 in the
RB’C&\DQ resistors Ry, Rz, and Rs.
[ J

To figure out the current before it splits, we
need to figure out what the current would be

if there was only one resistor in the way... and equivalent resistor.

e Thisfollowsadifferent set of rules than series circuits.

e Because chargeis conserved, the current flowing into ajunction must equal the
current flowing out, so

I=11+1+13

e Thetotal voltage of the battery is applied to each resistor, so...

|1:V/R1 |2:V/R2 |3:V/R3

e Combine and cancel out V to get...

VIR=V/Ry1+V/R,+ VI/R3
1/R=1R; + /R, + 1/R3

e Youcan NOT just say “Oh, now I'll take theinverse of thisformulaand just get
R=R1+R2+Rj3"... they are NOT mathematically equivalent.
e For thiscircuit the equivalent resistanceis...

1/R=1R; + /R, + 1/R3
1R = 1/(3.00Q) + 1/(4.00) + 1/ (5.00)



/R =0.78Q"
R=13Q
Remember to taketheinverseto get thefinal answer. Overlooking thisisa very
common mistake!
e Now, to figure out the current before the electricity reaches the branch where
3.0Q resistor is sitting...
V=IR
I=V/R
=(9.0v)/(1.3Q)
=71A

b) the current in each branch of the circuit.
e When the current starts branching off into those resistors, the 7.1 A you
calculated above will start to branch off as well.
0 Whichever pathway offers the least resistance will have the most current
flowing through it.
e Wedo know that sincethisisaparallel circuit, each part of the circuit is
connected to the same voltage, 9.0V.
e FortheR;resistor...
V=IR
I=V/R
=(9.0v)/ (3.0Q)
=3.0A
e FortheR;resistor...
V=IR
I=V/R
=(9.0v)/ (4.0Q)
|=23A
e FortheRsresistor...
V=IR
I=V/R
=(9.0V) / (5.0Q)
=18A
e Add all three currentstogether (as they join back up from the branches and flow
towards the positive terminal in asingle wire) and you' |l see that you have 7.1A!
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¢) thevoltage drop over each resistor.
e Likewe' veadready said... they all have the same voltage across them, 9.0V

d) the total voltage drop acrossall theresistors.
e Still 9.0V. Can you say why?
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