PURDUE

Physics 21900
General Physics Il
Electricity, Magnetism and Optics

Lecture 15 — Chapter 18.9-10
AC Voltage and Transformers



Announcement

Exam #2 will be on November 5th
in Phys 112 at 8:00 pm

Electric current, DC circuits, Kirchhoff’s Rules
Magnetic Fields, Lorentz Force, Forces on Currents
Ampere’s Law, Magnetic Induction, Lenz’s Law
Induced EMF, AC Voltage, Transformers



AC Voltage Generators
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Faraday’s law: € = —A—tB

®p = NAB cos 0
/\/ = NAB cos(wt)

AC Voltage, € = 1. ,,. sin(wt)
Vinax = NABw
w = 21f
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Alternating Current/Sine Waves

Period: T (seconds)

<€ T >
A\ / \ / Frequency: f =1/T (Hertz,s?)
N WS

Angular frequency: w = 2rf (s
Amplitude: A =V, 4 OF L0

CAVAVAVAY
V(t) =V,. Sinwt

Sometimes we refer to the peak-to-peak amplitude, 1,,,.

The functions sin wt and cos wt look the same — just
shifted in time by 90 degrees.



Alternating Current/Sine Waves

 Example:

— In North America, the AC line voltage has a
frequency of 60 Hz.

— The angular frequency is
w = 2nf
= 2 X 3.141592654 x (60s71)

= 377 radians/second



AC Voltage/AC Current

Applied Voltage

Terminal v
Peak-to-peak
: voltage = 2V, ..
- s
! Vinax sin(27ft) i /TY
t
Terminal M l \-/
| Al
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Ohm’s Law: [ =V /R ; Response
V(t) = Vinax sin(2rft) s [\
I(t) = I,,,4, Sin(2mft) ﬂ/\/f\/f
Imax = Vimax/R e

[(t) is in phase with V' (t)




Phasor Diagrams

* A rotating vector is one way to represent a
sine wave.
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Phasor Diagrams

* These diagrams show the relation between the
phase of the current and the voltage:

Vi SIN(277fE)

* Both the voltage and current vectors rotate with
constant angular velocity, w = 2nf.
 The vectors maintain their relative orientation.

e For a circuit with only resistors, the current and
voltage have the same phase.



AC Power

* How much power is dissipated in the resistor?
P =1V = L,,, Vg, Sin*(21ft)
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 What is the average power dissipated?
1

Pavg — Epmax

\/E \/i rms*rms




AC Power

* For sine or cosine waves, the RMS voltage or
current is just

_ Imax _ Vimax

Irms \/E I/;“ms I \/E
* Expressed using RMS voltage and current,
Ohm’s law can be used to express the average
power:

V;"ms

Pavg — — Izms R



Example: ac circuit analysis

o =170V
f 60 Hz
,m\mnlwﬁ) R=20 ()

What are V.., L., and average power dissipated in load?
What are V. L., and maximum power dissipated in load?
Average values Maximum values
V 170V
v, = -mex - -120V _
ms = %1414 V. =170V
o Ve 120V [ oV OV g5,
rms R - ZOQ - R ZOQ
CI.":"E Irm:: rms (6A)(120V):720W P _InEXVnEX (8.5 A)(ITOV) :1445w




An ac isolator

Secondary

The Secondary is isolated from the Primary

Input: ac +dc signal Output: ac signal ONLY
A

1,(1) | L)
_L/_\-/_\]T g InffseT /\ /\
U

" Air coupling not very \/

efficient




A Practical Transformer

 Magnetic flux is trapped by an iron core.
 The magnetic flux through each coil is the same.

®g(t) o< Nyl (t) = Nlg(t)
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Primary coil, N, \ : e
m

Increa sin%
magnetic field

Variable
current source

Secondary coil, N



Transformers

F’rirnary—\ Secondary
coil — Ccoil
e o /_
T PN, Nod—F T
AV,d b ' 24 2 AW
l A D g l
] Ly

* The input voltage must vary with time so that Adgz /At # 0

* Energy must be conserved: B, = F
L,AVy = [LAV,
AV, I _N;

P
AV, I, N,



Examples

P 1 ]
ggi:“aw -\; L E;fcndaw
g 1 £ [
M-ﬁﬁ Ny % d - AVs
& l

AVt AVs

Vnax| /\ 1
/ 2 max [N 77N
(VAR A

Primary Secondary
8 turns 4 turns




EXAMPLE

A transformer has 10 turns on the primary and 100 turns on the
secondary. If 110V rms is applied to the primary, what is the
peak-to-peak voltage across the secondary?

AV, _ N,
AV, N, AV, 1 V.
110v| 10 'ﬂ"T"/"‘
AV, 100
2 rms ? - VPTDP

AV,| _ =10(110V|  )=1100V|

v =Yy -15BBY

™R
V... =2V_ =3111V

pfop




If a 100 2 load is connected to the secondary, what is the rms
current in the primary?

AV, _N, _I, Z;:“awi\ : a5 ff;f{:"dw
AV, N, I, 1{% LI 3 100 2
110V| 10 : == |
A\fz rms ) 100
AV, ‘Pms = 10(110 V‘rm ) - IIOOVLM Primary Secondary
' 10 turns 100 turns

FmMs -

_AV, ‘m _ 1100V

rms Rload 100 Q

2 rms

N, I 10 _11A
- -
N, I 100 T
L =(100]11A=110A
rms 10




APPENDIX: Transformers in the US Power 6Grid

Why is power transmitted at such high voltages?

345,000 Volts _
- OwrMadeansmlﬁw_s# ) / Vm = 345,000‘#"’ } T}fpiCﬂ' values
Y - I .=-1000A
| 20,000 Voits / 4000 Volts |
yT\H g i'; S PTmnsmiHE.d = rmsIr-rrLs :(345‘OOOV}{1{}GOA}: 345MW
I w el SUPPOSE 10% of poweris lost
Power Step-up Distribution  Industrlal _ o _
(:eh‘r:ration ;Lamilsgn Substation  Customer P =10 o Prcnemitted = 34.DMW
S = 2
¥}, Overheadﬁ::h’:tﬂrﬁu;ii?lgn lines 1| | /—F lost = L maRine
= = ind R, =3450
ooe r'-; | w‘;_ 52\{ Now suppose V. is decreased by 9/10 and
= S P e e I..isincreased by 10/9, so the average power
. Mimekny | ST transmitted remains the same:
13,800 Volts Distribution System 9
Vins = 15 %(345,000V) 310,500 V

£ i
]‘i’f L In“s:%x(moo,q):nm
haon ||| Oor e — Preanamitted = VomsLoms = (310,500 V) (11114)
=345MW (same asbefore)
Ny How much power is now lost?
R i aax Rie =345 (same asbefore)
Underground Undlerground Distribution lines

Distrbution 201240 voit Post = % nRine = (1111A)7 (34.502) 2 42. 6 MW

Substation
P.. _426MW
PTrunsrniﬂmj 345 MW

http://adogreen.com/blog/power-generation/overview-from-power-plant-to-consumer/

= power lost increasesby 12.3%



