Electromagnetism Notes
1 — Magnetic Fields

Magnets can ﬁ Gl’ or_ve w&l other magnets.

They are able to exert forceE on each other without touching because they are surrounded by
Magnetic Flux refers to. 'ﬂil dcns;’l’y O'F 'ﬁ'&lﬂ( li' nes

Areas with many lines have S’h’b 'ls magnetic field.
Magnets hgve two different ends called IDD (&S , either as A/ or * L\
ou (S).
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It is important to note that magnetic fields are Médm S and therefore we need to represent the

lines as... QryouUs
The divection At a com poss vould pot

In fact we define the direction of a magnetic field as . J!

= /We can sum up the behaviour of
interacting magnetic fields:
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This is very much like electric charges; however there js a very important difference between these two.

Electric charges can be... SMJ le CL.a/’(; 4 or —)
Whereas magnetic poles... Op Iy occur fq,v_f ( AI ang( S )

Consider a compass:

A compass ia usefzé.becatte its needle always points north. This is because the needle is a ma(;mg +
a .

and so is

Yeah fine but WHY does it point north?

Well, the north pole of the compass will. .lv‘u up uln. '}' l< E ar'nt ‘S ')4'610’ / e

“ . 5 )
( Maym'l"fc oAt 3 4c4u—1ﬂy—_'thﬂ—l’m

Well that’s all very well for magnetism, but where does the electro come in?

It turns out that any...CUy /€ Vl* Carrying Wivre is Su Wb(;nd(p‘ by a

Maduh’c Beld .

In fact a current carrying wire will have a very regular Thumb Pointing

magnetic field around it as predicted by the: in Direction of
Current Flow \

Fingers Point in

Direction of

Figure 3 Magnetic FiEIV

1% Right Hand Rule:

Thumb: curreu"'

Fingers: Maa‘he"'n?. ’G‘C (0(




Often we will represent a current carrying wire simply as though you were looking at it end on. In this case we
simply draw it as a circle. To indicate the direction of current flow we draw a )& _if it is in to the page and a
® __ifitis out of the page.

B B

If it helps to remember which is which think of an avvoW !

Below shows current carrying wires (lines) and compasses (circles). Draw arrows to show
which direction the compasses will point.
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- + - +
Note that the compass always points...

Domains:

We have seen that the movement of electrons can create a magnetic field, but how does this
apply to permanent magnets like bar magnets?

Certain metals (iron, nickel and cobalt) have...

In a piece of these metals the spins of unpaired electrons align in areas called domains. In an

unmagnetized piece of metal the domains are lined up randomly. A magnet is created when
these domains are aligned in one direction.
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Solenoids: aka Mmaim_
A solenoid is simply...

Q coil o Wive
The many loops ofwil€ CACH Carry ent and therefore..'n‘l 4’(’0( vein ces.

)
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The 2™ Right Hand Rule:

Fingers: Curvent Thumb: PD{” 'I'J' "bua vd s M
Note when using any right hand rules that. lJ¢ USE ConWnN "'ﬁ)ﬂ." chrve ”+
Just as with a bar magnet a solenoid has. M or "' L an d Sou‘n' Pb ld

especially if its is much greater than its

’
Note from the diagralz tFit the field outside of a solenoid is _W€a k and _ Nonn = YNl AYW\

However the magnetic field inside the solenoid is S ‘l' YOWN ¢ and Mr "4
> __ N
In a uniform magnetic field(INSIDE/a solenoid we can calculate the strength of the field using:
—

— Where : B= Mu ncl‘lc elo‘ S’)'mnj
- I Mo = permlu l'h ’:47 3[ 6!‘ Sy : 4,"0 (]
B ) Mo V\ = Curm')’ A} & J)‘I'I’ loo f

n= loops per meter = 7«-— ’(r;f”n

Example:
A hollow solenoid is 25 cm long and has 1000 loops. If the solenoid has a diameter of 4.0 cm and a current of

9.0 A what is the magnetic field in the solenoid?
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Electromagnetism Notes
2 — Magnetic Forces on Wires and Charges

With permanent magnets Qpposl-,'g poles attract and Il l(e. poles repel.

As we have seen magnetic fields surround any..Clar rcwf' Carr / / "‘1] Wire.

Therefore it stands to reason that magnetic forces will act on wires carrying _M oV ih Q
r and charged particles moving in MAj nen¢ 'F,c ld¢

Parallel Current Carrying Wires

Picture two parallel wires carrying current in the The same logic can be used to determine how

same direction, would the fields produced by thes parallel wires containing currents the flow in the
(7

wires attract or repel? 6“5 are °W°”'L opposite direction interact. ‘F- CUJ a VC a / ! k e!

Parallel wires with current flowing in,the same Parallel wires with current flowing in the

direction will. .. 1’ . opposite directions will. .. |
N ATTIAC AN WEPEL. Y.

Current Carrying Wires in Magnetic Fields
A field will al ,A
current carrying wire in a magnetic field will also experience.. ‘A m aJ ne ’l, e ree

Imagine a current carrying wire placed between two permanent magnets.

Note that above the wire both the permanent magnetic field and the field generated by the wire point.. i n ‘”‘l Y Ameg
S N = S N

SN

L~ 3

These two fields will Ytp&l

Also, below the wire the permanent magnetic field and the field generated by the wire point.. |y\ Offb S')L
ction
These two fields will a'HV“ d' . dlfc S.

’ﬂ«is V'CSu“S v an overall Mtjm'l-fz Arce. (‘FM) D(wcc'}eo(
doum Hee page .




The 3rd Right Hand Rule: The magnitude of the magnetic force on a conductor can be
calculated as:

’ﬂ«umloi 4 wm"'/ pa/"'fdc ma‘r"&v Where: :f. U
B:HaJ [4

:[vmlex 'p)'nje.r: Wlajnel\‘z ‘Rc’al EA < BI[ Snd I= Cum};‘*

Oler ﬁ‘vevs: Foree - ley

&

motion

0= 0rien Him

Note that if the conductor is perpendicular to the magnetic field
this formula becomes:

a2 P Fus BT4

J 5. Because... S"n qo = I
\ « If the conductor is parallel to the magnetic field then...
Fn<0  becawse S0 =0

Moving Charges in Magnetic Fields
In the same way that charged particles moving through a wire will experience a force in a magnetic field, so will
free charged particles.

To determine the direction of the force on such a particle we simply use. '”‘4 'SM ’z Hl .

NOTE: We use the right hand rules for wires when talking about cwve”""b" GI Cu W(ﬂ} ("' - - )

and the left hand rules for wires when talking about _g, lgc',rm £ lo W .

We follow the same logic when dealing with charged particles:
For positLve particles use... For negative particles use...

\(‘fg “’ hand rules left hawd vules

To calculate the magnetic force on the particle we use:

Where:q= € lmr,e
V= VCloCl"Iy

E’l: zV B Sind B= m«? Field S‘lrmy)l.

o= orfentation

NOTE: Just like the magnetic force on conductors this formula can be reduced to
Fu=gvB
when the particles are moving @rm df(ﬂ lﬁf to the magnetic field.
and FA« < 0 ULM pam”cl LS Maa nehe #'f[/ .




/If a charged particle enters a magnetic field traveling\

perpendicular to the fie:d, it will deflect continuously
and travel in a

Consider an electron moving through a magnetic field
(4

nh
il

/ Now consider a proton moving through the
same magnetic field

/

Example:

Circular particle accelerators use magnetic fields to bend beams of charged particles. This allows them reach

phenomenal speeds in relatively small spaces. The cyclotron at UBC’s TRIUMF contains the largest of its kind in the

world. It accelerates a beam of hydrogen anions (H') to 75% the speed of light and uses a 0.42 T magnetic field.
Note that at these speeds the relativistic mass of a hydrogen anion is 2.524x10"* kg.

What is the outer radius of the cyclotron?

When charged particles
travel in a circular path:

Fc: Fm

&

U=

-~

m
=

rc = FM
Vz__. Z,VB

mv (2.529 xlo'n/?)(Z-Zf elp 5 I

7$%.c = 0.7 (3
=7.25xb f,/

N

s

98 (l.exi'1c)(0.92T)

8.45m |




Electromagnetism Notes

3 — Motors and Galvanometers, CRTs and Mass Spectrometers

Motors
We have seen that a current carrying wire

pezendicular to a magnetic field will experience a

This phenomenon is usgd by an electric motor to
transform glilgdf 106G energy into

Y energy.

A simple DC motor consists of a loop of wire that
passes through a magnetic field. The ends of the
loop are attail-:d to a split ring

(ComMuy +0f ) which turns with the

loop. Fixed __brushe¢ connect the

commutator to the voltage source.

The commutator (split ring) is important because...
4

veverse Cavrent every

hal$- durn.

rotation of loop /g\'

brush brush

split ring commutator

DC power supply

Galvanometers

A galvanometer is gn instrument used to detect electric current. A galvanometer calibrated to measure current is
called an MMLV

while one that measures voltage is called a _l/8 H'M4 1‘”

These devices also make use of the motor principle.

Essentially, a current carrying wirg in a magnetic field will experience a force

proportional to the _ CUUY /€N

As shown on the right, when a current flows through the wire the needle will
experience a force. The needle is attached to a spring which provides a restorative c
force. As the coil rotates against the spring a reading is produced

by placing a shunt (wire) of low resistance parallel
to the coil. In other words a parallel path for
electrons so that only a small fraction of electrons
flow through the coil.

A galvanometer can be converted into an ammeter

A galvanometer can be converted into a voltmeter
by placing a shunt (wire) of high resistance in
series with the coil. This greatly reduces the
current that flows through the meter.




Cathode Ray Tubes

k 0.12m |

tube is used to accelerate electrons to incredible speeds and then

9V
deflect them with electrically charged plates. Consider the . ® e z £ e "
-y N -y J..._

following example:

Recall from the earlier unit on electrostatics that a cathode ray H

oV ]

1) The electron beam is produced by accelerating electrons through an electric potential difference of 380 V.
What is the speed of the electrons as they leave the 380 V plate?

z (ZXOV)( /(m/() ;q &8 b ’zlmv,.z
sEp=4ly sBosly I e e
= LophFT < s V*’J@: i

2) What is the electrostatic force on electrons in the region between the horizontal plates when they are
connected to a 9.0 V potential difference? = 4 V

- = 14 £-
= S A N AL
l: - E Z 020;\ .y

/ =[12x1677N) ]

Determining the Mass and Charge of the Electron
Famed physicist J.J. Thompson took the cathode ray a step further. First he J— .
set up a cathode ray tube that deflected the electron ray using a second set of — E
electrically charged plates (aka yoke), similar to the example above.

As expected the ray deflected towards the positive plate.

He then disconnected the current from the electric yoke and instead sent current
through an electromagnet flanking the cathode ray. He was intrigued to note that
the ray of electrons deflected downwards.

Since r and B can both be easily measured we could simply determine the speed of the electron by

Unfortunately for good old J. J., nobody knew the mass or charge of an electron. Both of which would be
needed to determine the velocity of the electron ray.

But then, he weren’t no genius for nothin’. He set up :
another cathode ray that had both electromagnetic and
electrostatic yokes working in opposition to each other. Arroge

By gently calibrating the electric field between the A
plates, he was able to obtain an undeflected beam as Cathode
shown:

To lacuum
Pump




In this case where the electrons are undeflected, we know that the electrostatic and magnetic forces are

)7l€/

Or simply, F-é = m

. This can be used to solve for the velocity of the electrons, which in turn allowed

Thompson to determine the charge to mass ratio of the electron long before either quantities were understood.

Example: What is the speed of an electron that passes
through an electric field of 6.30x10° N/C and a
magnetic field of 7.11x10” T undeflected? Assume
the electric and magnetic fields are perpendicular to

each other.
}Fm. *F:“ = Fé
e gl Ey
6.50 x0™e

2T =4 X[Oi[(

_E.
V= 3

Example: Charged particles traveling horizontally at
3.60x10° m/s when they enter a vertical magnetic field
of 0.710 T. If the radius of their arc is 9.50x10? m,
what is the charge to mass ratio of the particles?

FC:FM L_\/

% "B
my [ m
— =7 - B.eonto'vly)
(1 50710°)(0. 707)

= 5.34*/0?%3

Mass Spectrometers

Mass spectrometers can be used to determine the
mass of unknown substance or to separate similar
compounds of slightly different mass. First the
sample is vaporized and then it is bombarded with
electrons. These high energy electrons ionize the
sample by knocking loose electrons. These cations
are then accelerated by a potential difference and
then fired into a perpendicular magnetic field. This
field causes them to bend until they strike a
detector.

How can this be used to determine the mass of an
unknown sample?

= gfv
F:;?’FM o 72_\_/_—

2
V“%—" ZRB So

In practice even a pure substance will strike the detector at multiple locations. Explain why this might occur.

macnetic field
perpendicular to the '

+ ancde
 j— — I
gas D — g clecliun bewin

cathade
C
Ela - + + - + - + * + - + ;d&#&%ow-

positive ion beam

diagram

(Oﬂj as lye l(wou Q, ﬁayw{ v, 10}/ Wajam\zj v Ve Can ’AM{

m [

* It VD”"}”[‘ t hove difterentc harja ( inte ger munHiples )

« Tso ’Hpe.r ,’

Mass spectrometers can also be used to separate substances into individual isotopes. For example uranium

naturally exists as a mixture of Uranium-238 and Uranium-235. Describe how this is done. On the diagram
above, which paths (m; or m;) would represent U-235 and U-238?

- T sotopes ol Mo same ¢lement difter in * of vewtrns and hence mass

'Laf;,c\/ masses ’lew/ n ,arj,er VM//}AJ

. COHCC']LOVJ are p(qccp’( a”' /Ha(appro‘oria’}c [ocafl'bwf,



Electromagnetism Notes
4 — Electromagnetic Induction

After scientists had discovered that an electric current can generate a magnetic field the logical question followed:
“If an electric current can generate a magnetic field, can a magnetic field generate an electric current?”

Michael Faraday and Joseph Henry independently discovered they could.

induction coil shown below.

Generafron oF an EMF

ﬁrom cl'\anafnl ooc w]m"l‘ ay N coi
Wlajm'HC Frolds

- /

/Elec tromaenetic Induc tion'\ Faraday discovered many ways to induce a current. For example in the

5+ o(oem;l mafler

What was most interestinF to note was that..
or mqm} Woved -

This showed that magnetic fields do not simply create electric currents,
rather they are only generated by4 .C l/\an(]e n Wlﬂj nete 74 elds

Another example of this comes when you move a bar magnet into or out of a
hollow solenoid.

When the magnet is moved one way the current is in one direction and when
it is moved the other way the current reverses.

To predict the direction of the induced current we use Lenz’s Law:

:Ewo(uc{d wa Me7€'¢ 7L}€/d L/o»’ks p(t7a/yu’}' ’ﬂ’u.
apﬁ[fea( 'bece (Chanje 7 A’elﬂl),

/"IN 3 <Induced Field Inside Coll— \

e T

AR AT AR RERT RS
ARAARA N R ARTRIR A

=

==Current—

)

T —Induced Field Inside Coil—

{’—\\ —Current=-
Y, W,

Lenz’s Law is really an application of.. Tl’l( La w O'F COVUCV'W'!_";W 0; EV’( Il’j'y

Remember that we can use the 2" Right Hand Rule to relate the poles of an electromagnet and the direction of

Sol o f/f)

Fingers: C(A yrey f’

current flow.

Thumb: /VM(%

As we said the electric current is generated by a.. £ l’lawj | V:? 767"( ldy

In order to calculate the EMF generated we need to use the idea of magnetic flux.

MagneticF]ux:"Ei O’F ’P)heu I"V’U /nw} pass ﬂ/m/l‘]lt a (‘0)'1

For a loop of wire in a magnetic field the magnetic flux depends on:
1) Magnettc ficld strength

2) Arm o ¢L /ooy

®) Orfentadon h Fald

4 A

Note that magnetic flux is
at a maximum when the
loop is. Pe K‘V(nd fen %

And at a minimum when
the loop is...

pam”&/

\_ /




Magnetic flux can be calculated by:
Where:

@_—_ B Asine

The units of flux are En_z or the Weber (Wb)

B :Maj

® = flux

A = Araa (w?)

0 = orientation

As we said before an EMF is produced by a
changing magnetic field, specifically by a changing
flux. In fact,

T )
e

Where:N = # mc IOOPS

Freld (T)

1
And the “—* sign relates to. Lenzs Lm\/

Example:
A square loop of wire toa
1.50 T magnetic field. If each side of the

wire is 2.10 cm, what is the magnetic flux
through the loop?

0.02lm

[
§ QA= (150D 0001

=1(.Lxlo - (,J%/

0.02lw~

4

Example:
A 1.80"diameter circular coil that contains 50 turns of wire is

perpendicular to a 0.250 T magnetic field. If the magnetic field
is reduced to zero in a time of 0.100s what is the average

induced EMF in the coil? P 08 = A(B A)
g > - /\} Aﬁ

,f_-
= "/\/ABA - "/U(B;’B;)ﬁr

),

- (s0)( 0 - 0-2507) n(o )"
0-100s

Example:

A circular loop of wire radius 2.5 cm is placed in a magnetic field B = 0.020 T into the page. The field is then
- s BA
=

reduced to 0.010 T into the page in 0.10 s.
a. What is the ave age induced EME?
;0,007 dnrhal »é hm

0

b. Which direction does the Current ﬂow“’

C [ool( wise

E=-Nad -
,’_
= VB et
,i—-
_ _(D(D.00-bozsyw( 0-005)

0.10s

2 0.00T







Electromagnetism Notes
5 — Moving Conductor

We have alreﬁeen that a loop rotating in a magnetic field will generate an EMF according to Faraday’s Law

)

(E——

However whe‘lln—considering a conductor moving in a magnetic field it is better to consider a different form of

this equation.

¥ ¥ X X X
For Moving Conductors: S N :
Where: /% /%, 5|fjf ¥ % X
£=B1 on i / —
=Dl[v By il i i
1= 'ij of corduibor i R - "‘Fﬂpp
V= V(om‘y ¥ =Wl = ¢ x
Derivation: ! rex/x x xft x x x
CoNek _ aG . olBW) _Bek T ix kg x
- JoE — 8% - O o }
T + 5 T ) — Avon= 7}(
Ballx) - % !B”LV ’ - ék
I e
Example: Exam o

A conducting rod 25.0 cm long moves perpendicular to
a magnetic field (B = 0.20 T) at a speed of 1.0 m/s.
Calculate the induced EMF in the rod.

¢z Blv (0.20T)[0-:25m)( 10w i)
ozt

-
-

L

A conducting rod 15 cm long moves at a speed of
2.0 m/s perpendicular to a 0.30 T magnetic field.
If the resistance of the circuit is 4.0 ohms, what is
the magnitude of the current through the circuit?

g z B Zv = (030 T)(OJA’M)(LW/J)

= 0.0V
_ = & 00w
g’I[Z I - Goo

Example:A 0.75 m conducting rod is moved at 8.0 Ir/s across a 0.25 T magnetic field along metal rails. The
electrical resistance of the system is 5.0 Q. What are the magnitude and direction of the current through point

o Blve(

(0.25T)( 0.90v- ) ( §.0s)
0.0V
0.50vV

—

G0

—

T =1 0.16 A

']\)'ﬂu rc’ﬂ”

-
-

£
w

T

040 m

1

8.0 my/s ||| 0.7:
o e

i







Electromagnetism Notes
6 — Back EMF

Devices that use mechanical energy to induce an electric current are called @CVlea 7lbr5
Many kinds of mechanical energy can therefo;z: by converted into electrical energy such as in:
ydro eloctyic Olams and __Wind Turlrines

Mechanical input Electrical output

Note that this works in the exact opposite manner f an electric motor. S
Motor: @ ‘Cc+f \' Ca[ energy to mec an{(al energy ___, r-? :
Generator: _nec hanical energy to ¢ lectvica ' energy 55
Notice that these generators produce _G [')let’ma f (K] current because. . Rotating kit

Mo wils are revevsed every half b

(
emember that to determine t_lélidirection of the current through a loop we can use 1/% rad a/y i
v E=-N = and to determine the EMF produced by a loop we can use

Lenz s Law ( ki ).

This brings up an inherent problem with all electric motors. As we said, electric motors are basically
C oi(& of Wire rotating in a _ymao /q ue fre ﬁ”e (A

Hogever, we know that whenever we rotated wires in a magnetic field we generate an fl/m( aced

~

We also know from Lenz’s O(al,w that the Back EMF can be calculated using:
1
Where: Ve = Back EMEB

induced EMF works in the A\'zec ow
[ lv,pos 1‘1‘6 mo 'hon

This is called: gl EMFE ! Vb.gk = £ -1y e = Applicd EMA

%‘e I= CO(V«/{V'%
And it always works. ..aga'“f"t r = resis fance o/

ayplf(d( EMF k Motor /

Example: A 120 V motor draws 12 A when operating at full s eed(CThe armature has a resistance of 6.0 ohms.
a) Find the current when the motor is initially turned on. {)/ A= g -T v

& : &
Tm’ m“y motor (3 noJ’ V‘orl-afl‘mj 0= £-T, - < _ 120V

v Vbqol«.: ) £:Ir :IZOA',
b) Find the back EMF when the motor reaches full speed.
Voock = £-Tyr = 120 V- (124 o)

= (Zov- 72\/ ﬂ{mw _‘f__{f Currm?L

= W at Ll speed .. 7




Example:
The diagram shows a 0.010 kg metal rod resting on two long horizontal frictionless rails which remain 0.40 m

apart. The circuit has a resistance of 3.0 Q and is located in a uniform 0.20 T magnetic field.

A A o A
TL, 4 t ' B=020T

m = 0 010 kg

a) What is the initial acceleration of the bar? . (
\/=Tx Fin= [$Ir A= ;‘m
T - LVZL_ SV _ 5/4 =(0.201(SAY(0.40.,) 0

T e—

$-00v = 049N

b) What is its top speed?

AJ’ ,]W )’/Cea'( back (Ma(ucd) EM;: =)V

_ _ £ Isv
E-Bh v B¢ (own0.90)

Example:
The diagram below shows a pair of horizontal parallel rails 0.12 m apart with a uniform magnetic field of

0.055 T directed vertically downward between the rails. There is a glider of mass 9.5x 10 kg across the rails.
The internal resistance of the 75 V power supply is 0.30 ohms and the electrical resistance of the rails and the
glider is negligible. Assume friction is also negligible.

) Glider
Switch Gl
XX X X AXXAXLIAXLXXXXAAXXAAAXXAAXXXEX XA XX XAX X XXX
XX X X AXXXAAAXXAAXAXEA A X amPp X XXX XXAAX XX XXX XXX
75V B 0.12m
X X X X XXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXX
XX X X XXXXAXAXAXAXAXXXXXAXXAXAXXXAXAXTE XX XXX X

a) What is the initial acceleration of the glider?

— ﬁ/-‘/‘
I- “—"‘5(‘)/“ 250k Fu- BT Y a= I

1
* (.0ssTUzseA(o) = LLSW L g
=L Ty T

b) What is the value of the terminal velocity as limited by the back emf produced by the moving glhider?

&
Cb“(ﬁ @Zv V= EZ = ?f\/ L‘?’OO w[_{j

(0-65)(0.12)




Electromagnetism Notes
7 — Transformers

When we generate power we ramp up the voltage for transmission (up to 100 000V) and then when it arrives
at homes we ramp it back down for convenient use (120V). High voltage Transmissien

Peower wansmissien lines
substatien —

substation

Say we need to transmit a certain amount of power (P = IV)
® ahigh voltage means a low current.
e since power lost by the wire due to
resistance 18 Pjy = I’R
¢ Jow current means power loss is at a minimum

But how is this done?

To convert voltage to a higher or lower value we use a
v

This is another important application of.. £ lectro maq Vl!/‘ ic induction.

A transformer consists of a F)m’m arv coilanda_ S¢€con da[ ,; coil.

/
As current flows through the primary coil it produces a 1 A’c A . This
magnetic field then induces an Current in the secondary coil.
Al

’\l 2 1A A o ﬂ\rﬂ
7 Crang g MA g mot

U |V

Noﬁethat transformers generally j—nly work when using

Olternativng __CurreV If we use Step Up Transformer

Atreck - tuvrent  then we need to Prima Second

constantly switch the current on and off. gt sttt

—— e

When a transformer increases voltage it is called a... 100V S 400V

Siep-— U p 10A _ S5turns 20 turns 25A
: o
Note that a step up transformer has... D 1 g
More SZCoM(aV/ Col'b’ /ﬂfan )pfiwmry, 1000 W 1000 W

When a transformer decreases voltage it is called a. Ste r Ao wn Step Down Transformer

A step down transformer has... Primary Secondary
More pr mar7 CO)'}_( HAM Selon /(m’/ 1000V 200V
2A 50turns 10 umns e 10A
Col x

2000w 2000w




To determine the voltage change we use the following:

'\/ N Where: V, = pm' mavy V OH'ngc
V= S&(ermé/ volta
\/ N, = ff'mﬂr/ coib
S /V [y N, = ye(on/ar y (o )5
Although we may change the voltage, we must conserve _CN& V(/?}/ . P — Y)
P s
Therefore, po LJ E VL must also be conserved. So, 7\

var = II‘ U.r

Vp A_/,_ Ts U, . Is
V N‘K ) I)' \s IP

A ,L fnvere
Oktvett
Example: Example:
A step transformer is used to convert 120V to A step-up transformer has 1000 turns on its primary
1.50x10* V. If the primary coil has 24 turns, how coil and 1x10’ turns on its secondary coil. If the
many turns does the secondary coil have? transformer is connected to a 120 V power line, what is

the step-up voltage?

s - /Us <I ¥10%\(120V)

(Ln)

Vo _ N
VS /Uf

_ _({].Sxip
N I
¢

S000 Auns 7 7
Example:

A step-down transformer reduces the voltage from a 120 V to 12.0 V. If the primary coil has 500 turns and draws
3.00x107 A,

a) What is the power delivered to the secondary coil?

D= P, = T, = (sestiizon = [3¢ 0

b) What is the current in the secondary coil?

;B_V S VI _ [120v) [3x167A _ | b,
PR il ) G I T
[




