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| C Circuits:
Detalled Analysis
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| C Circuits:
Detalled Analysis
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LR Circuit
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| C Circuits:
Energy conservation
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| RC Circuits

KVR 7
O, p% 199 /
C dt dt~
Solution
O(t)=Ae ™" cos(w't + )

.3

Damping Factor ,B =
2L

S— r2 2
Oscillation Frequency @~ = @, —,[)’

Natural Frequency @ =——

0 ’LC



| RC Circuits
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* Oscillations decay

A
\ p=02a
v/\\//, due to energy loss in

/ the resistor!
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Units Units Units

* Always Always Always convert to MKS
e CM->m
* MS->S
* MA->A

* elc...
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RC Circults

S1

C

e Cisuncharge att=0.

e \What Is the current the
instant after S1 is closed?

e Why?
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RC Circults

S1

C

C isuncharge att = 0.

What is the current at long
times after S1 is closed?

Why"
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RC Circults

S1

C

e Cisuncharge att=0.

e \What is the time constant?



L~

RC Circults

S1

C

e Cisuncharge att=0.

e Sketch the voltage across
the capacitor as a function
of time



RC Circults

R * |f R is doubled, how
YV should the components be
: changed to get the same
— ¢V _c(t) curve?
N * Do I(t) and Q(t) change?

S1



Charges Moving in a B
Field: Mass Spectrometer

Detection

"“ s
=
/ 8
| _—~"magnet
X mplifiers V'Y
ratio
lon source utput
_~beam focussing
AZ|a«—— ion acelerat
JII bx\
f\a\ ~ electron trap
\ ™~ jon repeller
\\ gas inflow (from behind)  '€9€nd:
. m ... ion ma
lllllll g filament

. SS
g ... ion charge

It the mass of the particle is doubled, how must the magnitude of the
charge change such that the deflection of the particle is unchanged?



Charges Moving in a B
Field: Velocity Selector

How does a velocity selector work”




Charges Moving in a B Field

 What is the trajectory of this particle”

/
g>0 >
B




Ampere Law:
Infinite Wire (1)

(Overhead)
1. ldentifty symmetry ,,BT\
2. Draw B field/field lines ‘/ R
| .
3. Choose a Ampére Loop l Foutofsc
4. Compute B S
I
B o



Ampere Law: Weird Wires

| (out of the board)

e A wire cross section Is shown to
the left. What is the B field as a
function or the displacement r?




Ampere Law: B field for an
oo s0lenoid

* Intuitive picture: ~ 2 infinite sheets g
=

— =3
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Field (North) ,é
——

* Fieldis ~ zerooutside B = pygnl

rrrrrrr



AC circuits

C++++

E(t) = Emax sin wt

Kircchoff Voltage Law (KVL):



Phasors

e No one uses them... Phasor Diagram

Y
V(t) = Emax sinwt
* y-axis projection of
the vector v,

X

V(t) E s COSWE 1 + Emax SINWE / »

\max




Phasors

e No one uses them...

V(t) = Emax sin wt

* y-axis projection of
the vector

e COSWE T + Ens SIN W 5

V(t)




Overview of circuit
components: Reactance

dl
gmax gmax
In = Emax qin ot lo = X coswt Ij = . CcOoS wt
1
Xp=R Xo = —= X =wl



Resistor

Phasor Diagram

y X Ve ({) is in Phase with /, (1)
e
—>— X ;r T ;/7 7 2
Lo 2 2 "
E .
Ir = I;;X sin wt
— o gmax “ . “~
Ir(t) = e cos(wt) © + sin(wt) j
R



Capacitor

Phasor Diagram X v (¢) tags 1,.(¢) by 90°

.“

Emax
lo = cos wt

Xc
= gmax 2 . ~
Io(t) = X, [Cos(wt + %) @+ sin(wt + ) ]}



Inductor

Phasor Diagram

>

V, (1) teads 7, (1) by 90°

)
, li‘ 0?\ m

Iy = Emax cos wt

L = X,

= gmax 2 . ~

Ir,(t) = e {cos(wt — 5) 1+ sin(wt — 7)) ]}
L



Putting It all together...

Current & sin(wt)
[=1_sin(wt—g)

KVR

2
Ld 7Q | RdQ | ¢ ' sin(a)t):O
dt” dt C

e Unknowns:
Imaxa ¢




Putting It all together...

e Unknowns:

Inax, @
Phasor f"agram « Choose unknowns such
I X that:
VR + ‘7(; = ‘7L =&
* Result:
tan ¢ = AL }_%XC
[ X, Emax

Imax —
\/R2 - (XL —Xc)2




