Physics Il: 1702

Gravity, Electricity, & Magnetism

Professor Jasper Halekas
Van Allen 70 [Clicker Channel #18]
MWF 11:30-12:30 Lecture, Th 12:30-1:30 Discussion




Capacitance vs. Resistance

Both material & geometrical properties
C proportional to A, inversely proportional to d
R proportional to L, inversely proportional to A

V = IR across resistor

V =Q/C across capacitor



Series and Parallel Capacitors

* In parallel : Qi 1 G
— Cq=C,+C, »
= Veqzvlzvl QZ-' G,
o Qeq=Q1+Q2 |
* In series : Q, Q,
—~ 1/C,, =1/C,; +1/C, H H H H
= Veq:VI fVZ
C, C;

= Qeq=Q1=Ql



Series and Parallel Resistors

Parallel resistors Series resistors
] ] I
- R " R Rf‘f;u.v\'ulm.r — R| + R2
equivalent 1 3



Concept Check

If | keep the same voltage across my circuit, but add a second
identical resistor in parallel with the first resistor (R, =R,), what
happens to the current | through R?

It stays the same

It doubles

It drops by a factor of two
It goes to zero



Concept Check

Q14) Each of the resistors in the diagram below has a resistance of
12 Q. The resistance of the entire circuit 1s:

1) 6Q
2)12 Q
3) 18 Q -—
4)25 Q2
5) 48 Q Vv
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Vor AV
If the resistor is Ohmic, then V=iR and thus
V2
R

P=iV =i’R =




Batteries

Battery — device that generates and maintains an electrical
potential difference.
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How do we get charges to move
opposite to the direction that the
Coulomb force wants them to move
in?




Batteries

People knew how to make a brief spark, but not how to keep
charges moving.

Volta invented the battery in 1800's.

Two metal plates
are called electrodes.

+ + H
1

- Liquid or Paste inside
battery called
electrolyte (often a
strong acid)
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Batteries

By using two different metals for the electrodes, we can have two
different chemical reactions.

The reactions build up charges creating the electrical potential
difference between the metal electrodes.

One unit is called a cell.
Many cells put together is called a battery.

Example: Car battery issix 2V cells =12V battery



Batteries

Lead-Acid Battery

The reaction of lead and lead oxide with the sulfuric acid electrolyte produces a

voltage. The supplying of energy to and external resistance discharges the battery.

T B ——) -

O | Reacts with Reacts with
O |suifuric acid sulfate ions o
L2 |t form lead to form lead o
a sulfate. Must sulfate. Pb
supply electrons sup'pt]'ies two
and is left positive
positive H 28 04 charges and
lead electrode
H 20 is left
negative
\& /)

The chemistry of the
production of a
voltage by a lead-

acid battery spongy
2
S04
802
" -
5. S04
804 H+
2+ 2- .
Pb + S04 — PbS04 : PbO, + H,50, — PbS0,
Lead electrode must : Lead dioxide electrode
supply positive ions : must supply electrons
and is left negative : and is left positive
Pb + HSO; — PbSO,+H +2¢ | PbO,+HSO4+ 3H +e — PbSO4+ 2H,0
Or the total - *
Pb + PbO,+2HS04 + 2H — 2PbS04+ 2H 0 + energy

discharge reaction

'Le ad-acid batteries




Batteries

Analog between a battery and an
escalator.
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AVbat




Generalized EMF

EMF = Electro-Motive Force - -
Not actually a force! ’—

Anything that does work on a charge can be
considered as applying EMF

EMF = dW/dq with units of Volts

W =qgAV, so EMF is really just AV



Simple Circuit




Concept Check

Q29) A battery with emf or voltage V i1s attached to a resistor of
resistance R. The circuit diagram 1s shown below. The point A 1s
at zero volts. The correct voltages at the points B, C, and D are:

C

1) V=0V, V=5V, Vp=0V. 1

2) Vg=5V, Vc<5V, Vp> OV,  vsv_ |

3) Vg=5V, Ve <5V, Vp=0V. B ko109
4) Vg=5V, Vc=5V, Vp=0V.

5) None of these. :




Loop Rule (aka Kirchoff’s Law)

LOOP RULE: The algebraic sum of the changes
in potential encountered in a complete traversal
of any loop of a circuit must be zero.

These changes in potential include those across an
EMF device, and those across any electrical
components [resistors, capacitors, etc]

2 AViises = z AVdrops

loop loop

“Conservation of Energy
(per Charge)”



Circuit with EMF: Water Analogies

big pipe j \

constricte

pipe

high
pressure

low
pressure
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Low Potential




Circuit with EMF: Ski-Lift Analogy

Flat, smooth, Switch
top of hill. . (gate) open
+ lift
— Moguls!
Ski Lift Steep downbhill.

Flat, smooth,
bottom of hill.

ski

—4

nomt 2

(b)
I

charge

point 3
resistor



