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ne final Is

.
.
.
.

Reminder

NIS IS the last lecture

hursday, December 9, 12-3 pm

ne final is open book and open notes
nere will be a review session on Thursday

at lecture time
» | will do problems from the old finals and

midterms

» | had posted the old final and midterms on the
midterm info page

» http://hep.ucsb.edu/people/claudio/ph3-

04/midterm.html



Last Time
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Last Time: Kirchoff's rule for current

e At a node (or junction) 2I =0

Junction
&

11% 612

Careful about the signs!
It is a good idea to always draw the arrows! \I, I + I,

* This Is basically a statement that charge is
conserved



Last Time: Kirchoff's rule for voltage

The total voltage drop across a closed loop
IS zero

For example:

Vab + Vbc t Vca =0

(Va o Vb) T (Vb o Vc) T (Vc o Va) =0
But this holds for any loop,

e.g. a-b-d-c-a or b-a-f-e-d-b, ......



Measuring current, voltage, resistance

 If you want to measure current "somewhere"
IN your circult you put a current-measuring-
device (ammeter) where you care to know
the current

n
N

 |deally, the presence of the ammeter should
not influence what is going on in your circuit

» Should not change the current or the voltages
 The ideal ammeter has zero resistance



* If you want to measure the voltage
difference between two points in your
circuit you connect a voltage-measuring-
device (voltmeter) to the two points

Some circuit
elements inside

(V)
U

 |deally, the voltmeter should not influence
the currents and voltages in your circuit

 An ideal voltmeter has infinite resistance

v



Galvanometer

 The galvanometer is the "classic" device
to measure current

 Based on the fact that a wire carrying
current in a magnetic field feels a force

» YoU'll see this next quarter in Physics 4



* The current flows through a coil in a
magnetic field

e » The coll experiences a torque
proportional to current

 The movement of the coll is "opposed"”
by a spring

The deflection of the needle is
proportional to current




Galvanometer (cont.)

A typical galvanometer has a "full-scale-
current” (l.,) of 10 pA to 10 mA

The resistance of the coil is typically 10
to 1000 Q.

How can we use a galvanometer to

measure currents higher than its full
scale current?

1. Divide the current, so that only a well
understood fraction goes through the coill

2. Measure how much goes through the coll

3. Rescale by the known fraction ”



* R, ="shunt" resistance

e The current | divides Iitself between
the coil and the shunt

DS ) I
I

« ByOhms'slaw, V_, =I- R: = Iy, Ry,

* sy = lc (Re/Rgp)

* I=lg g =1c (1 +Re/Rgy)

- If Rc and Ry, are known, measuring |- Is
equivalent to measuring |

* Furthermore, | is still proportional to |-, which is
proportional to the deflection of the needle

 Thus, by "switching Iin" different shunt resistances
| can effectively change the "range” of my current
measurement




Example

Galvanometer, R-=10 Q, I..=1 mA

What shunt resistance should | use to make
the full scale deflection of the needle 100 mA?

I =lc (1 + Rc/Rgp)
Want the "multiplier" to be 100 (i.e. 1 mA - 100 mA)
1+ R-/Ry, =100 2 R, =0.101 Q

Bonus: R and Ry, in parallel
Equivalent resistance R, = RcRq/(RC+Rsh) = 0.1
Small, much closer to ideal ammeter (R=0) 12



Galvanometer as a
Voltmeter

 Move the shunt resistance to
be In series (rather than In
parallel) with the coll

e Remember that an ideal voltmeter has
Infinite resistance, so we want to make the
resistance of the device large!

* lc = Vy!(

Rc + Rgp)

* The needle deflection measures |- and,

knowing

Rc and R, measures V_, 3



Example
Galvanometer, R-=10 Q, I,.=1 mA

What shunt resistance should | use to
make a voltmeter with full scale deflection
of the needle V., = 10 V?

c = Vap/(Rc + Rgp)
Re+ R, =V /I, =10V /1 mA=10"Q
R = 9,990 O

Bonus: R- and R, In series

Equivalent resistance of voltmeter = R +
R, =10* Q (large!) 14



Galvanometer as a resistance
meter (aka Ohmmeter)

)

o]
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>

L

e |- =€/(Rs + R)

* From the needle deflection, measure |-

* Then, knowing the emf and Rq infer R

* |In practice Rq Is adjusted so that when R=0
the deflection is maximum, i.e. I, = €/Rq

15



Wheatstone Bridge (Problem 26.77)

* A clever method to accurately
measure a resistance

—=E © e
:'}Y . * R;and Rj;are known
* R, Is a variable resistor

R, IS an unknown resistor

R, Is varied until no current flows through the
galvanometer G

Let I, I,, I3 and I, be the currents through the four
resistors.

, =1, and I;=1,
No current through G: no voltage difference across it
LR, =ILbR,and LR, =R, >R =R,R,/R,




Potentiometer

e A circuit used to measure an unknown emf by
comparing it with a known emf

e g, IS known, g, IS unknown

 Slide the point of contact "c", I.e.,
change the resitance R_., until the
galvanometer shows no current

e Theng, =V, =1R,
e Butl=¢, /R,
-2 &, =g Ry/R,,

b

17



RC Circuit: R and C In series

So far we have only discussed circuits
where the currents and potentials never
change (DC circuits) (DC = direct current)

What happens when | close the switch?

Switch
open

&
+|I /._
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Switch .
c Switch

E
open
+I= +I| closed
I
i =0 q=20 i E +q —q
a R b | ‘ C a R b || &
G C

 Both i and g are functions of time

« Define t=0 when the switch is being closed

e Att<O0, 1=0 and g=0

o At t>0 current starts to flow and the capacitor
starts to charge up

* V,=IR and V, . =¢/C

e Kirchoff: e=V_,+V,.=IR+g/C Lo




Switch

+II closed Z(t) __ € q(t)
. R RC
dg _ e q
iy g I_—_q._ dt R RC
a R b | c d
© S =—gclg—Co
dt RC
dq_ — _ dt
q—c—:C RC Here we put primes on the
Integrating variables so that
/q dq’ t dt’ | we can use g and t for the limits.
— — — | The limits of integration are chosen
0 q’ —eC 0 RC'|pecause q=0 at t=0 and charge=q
at some later time t
—eC' )] RC

20




Switch

closed
H —e—— n (=59) = —
—— —eC RC
Now take the exponent of both sides
' +q —q
—_> 4
e o] q=€C — ¢~ RO
2 3 | —eC — ¢
&
__t
q = GC(]. — e RC’) — Qf(l — e RC)
¢ b
@:dq:%Q RO:IOG RC
5 Ch ::r%in gla mptiu-rt]f; r
£ s i
Qe
b
Iy/2 Gpid oo :
Iy/e :
0 R!C b

RC = time constant (unit of time)

21




After a long time, i.e., t >> RC, eVR¢ ~ 0
Then 1=0 and g=¢C

The charge on the capacitor is the same as If
the capacitor had been directly connected to
the battery, without the series resistor

The series resistors "slows" the charging
process (larger R = larger time constant RC)

22



Now the reverse process: discharging a capacitor
Kirchoff: IR+g/C=0

Switch Z. — % — RqO
e d_ L dt
q = RC
_o +Q 0 Switch closed at t=0 when g=Q,

QO q’ O RC

—-—«A}{\/\—ﬁ}—o— /q dg/ t dt

closed In i S t
s o t O
q = Qoe EC
Ly dg — _ Qo —pc e




Iy/2

Discharging a capacitor:

current versus time

(a)

Again,
time constant RC

q
E‘ Discharging a capacitor:
0

charge versus time
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Example: Problem 26.86

Find the time constant for this circuit

a
1 e s 3.00 uF=c,

-

Looks complicated, but notice that charges
on C_1 and C_2 must be the same!!

25



Kirchoff: g/C,+IR+g/C, +1ir=¢
q(l/C,; + 1/C,) + 1 (R+r) = ¢
Compare with what we had for the simple RC circuit

Switch
£
| closed

! — Here we had Kirchoff: IR + g/C = ¢
Thus, our circuit is equivalent to a simple RC circuit

%ﬂkﬁ with series resistance (r+R) and capacitors C126
“ "¢ andC,in series!




Equivalent capacitance: 1/C., = 1/C,; + 1/C, > C, =2 pF
Series resistance R, = r+R =6 Q

Time constant = R,,C,, = 12 psec
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