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Outline

th magnetic fields only
st to understand the experiment is:

ectric currents and magnetic fields:

~+ Lurrents e: perlence magnetic force (Lorentz law)
“ Current generate magnetic fields (Biot-Savart law)

- The experiment will be mainly focused on:

Determining the magnetic field of an electromagnet using the
Lorentz force

Study the induced e.m.f. of a magnetic field through a coil of
known geometry
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Magnetic fields

What creates a magnetic field?

Answer: Moving charges!
Question: How do we define the magnetic field?

While the electric fleld has a nice definition that only involves its
sources ( E = (kq/r?)), this is not the case for magnetic fields

They can only be defined operatively through the force they
exert on a moving charge (Lorentz force): .- - - - ______

Right-hand rule:
Given a charge g moving with

velocity v, the magnetic field is
whatever we have to plug into this
= equation to find the right magnitude
£ Re and direction of the exerted force

F | plamclvan B
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entz Force

',, a charged particle entering a
e velocity will feel a Lorentz force:

qﬁxg

Symbol for
field
directed into
the plane

X KB
X ®\
X &

X
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entz Force

',, a charged particle entering a
e velocity will feel a Lorentz force:

qﬁxg

Symbol for
field
directed into
the plane

@ ®_’

<!
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‘g rentz Force

de, a charged particle entering a
)me velocity will feel a Lorentz force:

=qu X B
| R X B
moiohpependcuayte () (D \ ) (R HYmeolfer

the B field, the force will . .
always be perpendicular directed into
to the velocity and the the plane
motion will be circular,
with radius:

<!
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Current carrying rod under magnetic field

= Since current = many moving charges — wire/rod
SaraneEareurrent will experience the Lorentz force as well!

» Let’s consider a small moving charge (dq) contained in a
small piece of wire (dx). The small Lorentz force exerted
on this charge by an external field B is then:

i
dF = dgi x B = dqd—fxB_d—quxB

— [d¥ x B
Integrating over the all wire, the total force is:

Force exerted on the /F 1 L X B"

wire f““%‘j

Vector with magnitude given by the

Current flowing  |ength of the wire and direction parallel
through the wire to the current

— External B field

PHYS 1493/1494/2699: Exp. 3 — Magnetic Fields 8



od under magnetic field

Wire / rod

current |
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od under magnetic field

‘works:

l v

Magnetic field B

current |
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od under magnetic field

‘works:

l v

Magnetic field B

current |
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enerating a magnetic field
"_ current can “feel” a magnetic field by
Lorentz force

out that currents also generate

N ( escrlbmg the small magnetic field generated by a

small piece of wire with a current is the Biot-Savart law:
Vector with length as the small

df Currentin  piece and direction as the current
the wire /
-
L o 1 dl X r .
dB = 2
1 Position of the point where
Lo = A X 1()_7 N/A2 we are observing the B
field
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Magnetic field from a solenoid

* The only case of some interest for this weekly experiment

IS that of many consecutive loops. Such a system is called
a solenoid

+ Without showing the (boring) details of the calculation, if
We have many consecutive loops carrying a current /, then
the field is approximately: .

B JHo % inside

0 outside

N = number of turns;

L = length of the solenoid

- |n our case, we also will not be in vacuum and hence we

will have y,— u, U,

PHYS 1493/1494/2699: Exp. 3 — Magnetic Fields
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aday’s law for induction states that the
the magnetic flux through a surface

f.: Total flux  Total number of ' uX through the

\ e L/single loop
a dq)coil - \N d(I)loop
- dt

- If the area of each loop is constant with time and the field
changes by AB over a time At, then the e.m.f. can be
simply computed as: _______________

. I S S S S IS S S e S e e

- This is what you will use for the experiment
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ain goals
:,, Il study magnetic field through the
e and Faraday’s law.

- Part1:to measure the magnetic field in an electromagnet
by balancing the Lorentz force with gravitational force

- Part 2: to verify Faraday’s (and Lenz) law of induction by

observing the e.m.f. generated in a colil subject to a varying
magnetic field

PHY'S 1493/1494/2699: Exp. 3 — Magnetic Fields 16



art 1: the electromagnet

s a big ferromagnet with a solenoid around it

D W

The generator creates a
current that flows through
the solenoid. The
ferromagnet bends the field
in the desired direction

_____________________________________________________________

\,

I‘\WI

Iron elctromagnet
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art 1: the electromagnet
"’ Ng colls create magnetic field in magnet!

The generator creates a
current that flows through
the solenoid. The
ferromagnet bends the field
in the desired direction

D W

_____________________________________________________________

\,

I‘\WI

Iron elctromagnet
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Part 1: current carrying balance

« Glven a magnetic field and a current carrying rod, we
kKnow how the force exerted on the rod looks like
(Lorentz force) from electromagnetic theory

- Question: can we use this to compute the magnetic
field of the electromagnet?

- ldea: We can use known weight to balance the
Lorentz force and hence find its magnitude. Once this
IS known (and given the current flowing through the
rod) we can easily compute the magnetic field!
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Part 1: measuring B
nown current go through the balance and hence
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Part 1: measuring B
ates a magnetic force that wants to push the rod
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Part 1: measuring B
nose this force by adding weight on the other
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1: measuring B

ny of the currents on, balance rod using

Mirror with
reference marks

- Once found reference, use it for rest of current balance
measurements!

- Warning: This part of the experiment will be vulnerable to
parallax errors. (i.e. angle that you line up your eyes to the

reference marks). Try to be as careful as possible
PHY'S 1493/1494/2699: Exp. 3 — Magnetic Fields 23



1: data taking

net current /_,_ to 5 Amps.

ent measurements as follows:

S (m) on the scale

rror determine the current (/) needed
1ce gravity with the Lorentz force

- 3) For a fixed value of /,,, collect 5 pairs (m, i)

- Repeat everything for /,,, =4 A, 3A, and 2 A.

————————————————————————————————————

____________________________________
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Part 1: tips

.iIIate when balancing force on current rod with

l,balance stops oscillating to determine
)t the net force is zero.

1ip: Vary cu rrent in rod slowly to prevent large balance
i ~oscillations.
- Uncertainties in rod current:

Uncertainties are not necessarily given by the ammeter of
current carrying rod.

A possible way to estimate the error on current: change the
current until the rod is clearly out of equilibrium. Record the
minimum and maximum currents for which it looks horizontal.
Half the difference between them will be your error
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Part 1: analysis

For every value of the Magnetic Force on Conducting Rod
current flowing through

the electromagnet, /., ,
= |=2A

1=3A
= 1=4A
- 1=0%A
/ | « 1=BA
i i - Linear (I = 6A)
The magnitude of the : _ Linear (1= 5A)

Linear (I = 3A)
F=.LB

From the slope of each line (for a given /) one can then
compute the ferromagnet magnetic field B * oy

04 |——Linear(l=24)

Once this is done for all four values of /., plot B vs. /., and
observe their relation. Is that what you expected?
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Part 2: the swinging coill

* In this part of the experiment you will observe the voltage
iInduced in a coil by a changing magnetic field

- The whole apparatus looks like:

Thing! From the Addams
family...

Rotary motion sensor

Small coil (feels the induction)

Magnet

Voltage sensor (measures

Magnetic field sensor (allows to the induced e.m.f.)

measure the field generated by
the magnet)
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- This value will be used later on in the

Part 2: preliminary data

' measuring the actual induced e.m.f. you will need
ke some preliminary data

+ Place the magnetic field sensor in between the two poles

of the magnet and measure the field for 5-6 seconds

- From the points obtained in this way L b
compute and record B * oy of the magnet

experiment

- Repeat the same procedure but now with
the sensor 1 cm and 2 cm away from the
axis of the magnet

PHYS 1493/1494/2699: Exp. 3 — Magnetic Fields
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Part 2: data taking

e coil once through the magnet and observe

he induced voltage due to the changing flux
;ic field

- Using the “smart tool” on Data Studio compute the average

e.m.f. (including all the points of the voltage peak) and the
time interval At (from the beginning to the end of the peak)
over which the magnetic flux changed

- The expected average e.m.f. is given by the formula found

In slide 13: Number of turns Area of the coil Field measured in the

ggitlh(?vszvglog(l)r)\g (P 3X1 cm) (}ellmmary part
AB
£E=_"NA—"—

At — Time interval

- Compare the expected average with the measured one
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Part 2: tips

fairly easy since the software does
) you'

rt of the lab this week will be on data NEWRIE
srefore be very careful to:

- lake all the data you need before leaving the lab. You
will not have the chance to take them again!

- Try to understand exactly what is going on in your
experiment. Do not blindly take data or you will have
problems interpreting them later in the week

PHY'S 1493/1494/2699: Exp. 3 — Magnetic Fields
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