LECTURE #4

TWIN-STIP AND MICROSTRIP TRANSMISSION LINES

Y ou can estimate the capacitance per unit length by defining and drawing equipotential squares
between the capacitor plates:
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If avoltage of 16 V is gpplied between the plates and the individua equipotentid cells are 8mm
per Sde, the dectric field between the platesis:
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ELECTRIC CURRENTS

Forceon atest chargein andectricfiddd: F=eE [N] .
Accderation of that test chargeis  a=F/m [ms?] wherem isthe mass of the chargein kg.

In free gpace, the charged particle will acceerate indefinitely with aconstant E. But in aredl
media, particles collide losing energy and radiating energy. In essence this action restrainsthe
charged particlesto a constant average velocity called the drift velocity vy. vy has the same
direction as E and rdated to a congtant called the mobility m,.

Thedrift velocityis vq =y E [m/s where my, hasunitsof [mf V2 s?] . High mobility
implies good dectrical conductors.

Suppose that a medium has a cross sectiona area A and contains many free moving charged
particles of volume density r . When these charged particles move, they form a current:



| =vgrA [A] or [C/s] . Current
OHM's LAW

The potentia difference or voltage between the ends of a conductor is equa to the product of its
resistance and the current:

V=IR. Ohm's Law

The current | isequal to the current density J in [A/nf] multiplied by the cross sectional areaof
themaerid: | = JA.

But the resstance and voltage are defined as

R=—" andV=Ew,
S A

where A isthe cross sectiona area of the materia perpendicular to the current flow, s isthe
conductivity in [S'm], and w is the length of the materid in the direction of current flow.

Thesereationshipsyidd:
J=s E Ohm'sLaw At A Paint In A Uniform Density Material .

We know that power is. P = 1> R the energy consumed by adevicein atime T is defined by
Joule's Law:

W= PT=12RT. [J or [W-g]
Kirchhoff's Current Law sates that:
N-J=0.

BOUNDARY CONDITIONS OF CONDUCTING MEDIA

The norma components of the current dengity at the boundary between two conducting media
are continuous.

Jn1 = Jn2 .
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Boundary Condition Between Two Conducting Media
Also,
Eu=Ep or Ju/s1=Jdpls>

tana, _ s,

Theanglerdationshipis: .
tana, s,

MAGNETIC FIELDS OF ELECTRIC CURRENTS

A wire with current | is surrounded by a magnetic field as defined by the Biot-Savart Law:
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Magnetic Field H Around A Current-Carrying Wire

An dternate equation for the Biot-Savart Law for differentid magnetic fiddld dH generated by a
steady-gtate current | flowing through adifferentid length dL is

dH:I_dLZR
4 R

[A/]

where R = rR isthe distance vector between dL and the observation point. Itisimportant that
the direction of the magnetic field is defined such that dL is aong the direction of the current |

and the unit vector R points from the current element to the observation point. The differentid
magnetic fidd varieswith R"2 . Note that H is orthogonal to the plane containing the direction
of the current dement dL and the distance vector R.

To determine the Total Magnetic Fidd H due to a conductor of finite Sze, we need to sum up the
contributions due to dl the current dements making up the conductor. Hence, the Biot- Savart
Law becomes

1 .dL'R
H—EQ (A,

where L isthe line path dong which | exigs.

Example: Magnetic fidd of a Linear Conductor

In the figures below, determine the magnetic fidd at point P located at distancer in the x-y plane
in free space.
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Form the figure, the current eement dL =2dz and dL” R :dz(i' ﬁ) :fAsinqdz. Apply the
Biot-Savart law:




For convenience, we will convert the integration varigble from zto g using the transformations:
R=rcscq
z=-rcotq
dz=r csc2g dq
Inserting the transformationsinto the integral form of the Biot- Savart law yidds
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From the right triangle in the second figure of the example,

cosy, = L/2 and cosg,=-cosq, = L/2
I T 2" e T I
r2+(L/2)° Jre+(L12)
Therefore, H =f # [A/m]
’ 2 rVar+ 12 '

For an infinitely long wire such that L >> r, the magnetic field expression reduces to:

H=f — [A/m].
pr



