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also been used to model a wide vanety of other structures, from lhightning
strokes to helicopters and aircrafl. Several structures that are in wide use
(such as a coaxial cable, a strip line, and two parallel wires) can be modeled
with a structure that consists of distributed inductors and capacitors. The di-
rect application of Kirchhotf's laws leads 1o two first-order parial differen-
tial equations known as the telegraphers’ equations. Eliminating one ol the
dependent vanables between these two equations leads 10 a wive equation,

A sinusodal signal generator will launch sinusoidal waves o increasing
or decreasing values of the spanal coordinate assuming that the imtial tran-
sient effects can be neglected. The amplitude of the wave will repeat wsell
every half wavelength. The ratio of the voltage wave propagating in one
direction to the current wave propagating in the same direction 1s the charac-
teristic impedance ol the transmission line, Terminating the trunsmission
line with either a load impedance or another transmission line introduced the
concepts of reflection and transmission coefficients, standing waves, the
VSWR. and of impedance matching. The Smith chart 1s used to facilitate
this matching. Transient effects and their subsequent propagation. along
with pulse propagation, were anilyzed with a bounce diagram. The final
asymplotic state of a trunsmission line excited by a step voltage was found.
Finally, the effects of loss and dispersion were analyzed.

Problems
7.1.1. Show that the equivalent circuit element pa- 7.2.5. Show that the two cguations given i (7.]5)
rameters for the coaxial cable and the stnip line are amd (7, 167 are eguivalent, and iind expressions for the
COrmect representutions, constants n one eguation in tlerms of the constants in
7.1.2, Show that the telegrapher’s equations can be the other,
denved using an argument based on o Tavlor senes, 7.3.1. Find an expression for the charactenstic im-
T.2.1. Show that the quanity v = 1/ JLC does in- pedance of the strip line.

deed have the units of 4 velocity. « 1.3.2. Find an expression for the characterishc im-

7.2.2. Show that the units of the difusion voellicien! peillance of a twin lead.

D=1/ RC doindeed have the units of (length“Aime, 7.3.3. Inon integrated circnit, a dielectric withe, = 2

723, Show that a function which represents a wave is Inserted between two metal conductors, The wadih
that propagutes o Jdecrensing valees of ¢ satshies the of the top metal strap is 10 pm. and its separation from
wive equation (7.7). the bottom-grounded metal plane 18 5 pm. Find the
7.24. Let us replace the lincar capacitors in charactenstic impedance of this transuussion line and
Figure 7-3 with nonlinear varactor diodes whose ca- the veloaty of & signal.

pacitance depends on the voltage applied across them. 7.3.4. Design a stip line with a glass msulator tha
In this case. the current Af mto the dhode can be writ- will have a chamctensie impedance of 5 {1, You will
ien as Af = (V) / Fr . Derive the resuliing wave have some freedom in this design, but there 15 one

equation for thas transnussion line. constraint-—it is 1o be wsed in an integrated circuin,
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T35, ATV iwin lead consists of two parallel 1-mm
copper wires separated by 1 em of a rubber dielectric
with £, = 3. Whaot is the capacitance per meter of this
twin lead? What is its charactenistic impedance”
T.16. Prove that the voltage that appears across a
load impedance will be less than the incident wave if
E.l < l?.-l .

741, A VSWR is measured along a transmission
line to be 2. Find two values tor the reflection coeth-
cient 'R, Which of these values will correspond 1o 7, <
Z_and whichto Z, = 2"

7.4.2. For Problem 7.4.1. find the two values of £, if
7 =500

743, A load impedance Z; = 25 £} |x connected 1o
a transmission line whose charactensic impedance
15 50 L2, Using (7.33), plot the impedance as a fung-
tion of & distunce [rom the load 1o a total distance
uf 2A.

7.5.1. Using (7.33), prove that the load impedance
will repeat itself evervh /2.

7.5.2. Using (7.33), prove that the imput impedance of
a transmission line erminated in a shoit circuit with a
length F, where A /4 < £ < A/ 2 is capacitive,

7.5.3: Using (7.33), prove that the mput impedance of
a transmission hne terminated in an open aircuit with a
length £, where A /4 < X < A /2 15 inductive.

7.54. An air-filled 50-L2 conxial cable that is 1| m
long is excited with a 300)-MHz signal generator, The
line is terminated with a load impedance Z, = (25 +
J25) 42, Whit is the input impédance of this line!

7.5.5. A shorted 50-0 transimission line of length &
has an input admattance of —f 0,01 &, Find the length
of the ling in A,

7.5.6. Using (7.46) and (7.47), drow the circles for
the villues of r =1} l,and = and x = ~ | ), and | 10
convince yourself that Figure 7-9 1s comect,

7.6.1. Using a Smith chart, find the impedance £ of
a 50-£2 coaxial cable that is erminated in 4 load £; =

(25 + 325) L The coaxial cable bas a length of
IA/E

7.6.2. Using a Smith chart. find the admittance ¥, of a
5()-L2 coaxial cable that is terminated in a load £, =
(25 + f25) 42 The coaxial cable has a lengthof A/ 8

.63, Using a Smath chart, find the distance from a
load impedance Z, = (25 + 725 £} that 15 connected
o a 50-L) coaxial cable where the normalized 1npul

admittance ¥, = | + jI . How long should a trans-
nitssion line that 18 ternunated in a short circuit be in
order o match the imnsmission’!

704, A loud impedance Z; = (100 —#100) £ termi-
nates a 50-1) ransmission line. Find the chanmctenstic
impecdance ol the guarter-wavelength matching trans-
massion hine

7.0.5. A lossless battery s conmected 10 an ideal trans-
mission line with a chamctensuce impedance £, of
length 5 that is terminated in a shon circuit. Sketch the
]_'II'II':_'TI"HI M =402 ux a funchon of time
0 < r<"4(¥F/v).The swich is closed at r =0,
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71.5.1. Sketch the current profile at - =471 us a
functionof time 0 < ¢ < L /v) mtz=1/2 for
the ransmission line stated in Problem 7.6.5.

T.7.2. A Jossless battery s connected o an deal
ransmission line with a characiensuc impedance £,
of length 5 that is terminated in an open circuit
Sketch the potential ot = = /2 as o function of tme
< ¢t < 4(F v}, Theswilch 1s Closed s ¢ = ()
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7.7.3. Sketch the current profile at z=24/2 as a
function of time 0 < ¢ = 3{F /v) for the transmis-
ston Jine stated in Problem 7.7.2.

T.04. Two ransmission lines are jomned with o resis-
lor K,.
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Show that the transmitted voltage V, in Line 2 can be
writlen i

¥

TR (1 + W)V
T Ry &g

=

where
:1i_1‘HLTE{:_E.|III"=R||"'E_I:I"Hl‘lb
if the voltage incident from s = -w s ¥V,

7.7.5. At = 0, the switch Jocated at the load is
closed. Sketeh the vohage and the current ar the load
as o function of time 2 7 v, The impedance an the load
R, = the charactenistic impedance of the linc Z,

16 A trasmission hne with two swatches, one at
the battery and one ot the load. 1s shown below, Ini-
tiadly. switch 8| is closed and swilch 5, s open. Atr =
{l, §, s opeped and 5, 15 closed. Sketch the viitage
Vo as u Tunction ol time.

=T

If there were a load impedance located at the midpoint
of thas particular transnuassion line, it would be possi-
hle ws generate a large voltage pulse across this load
impedance. This 15 called o Blumivin transmission
line.
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7.7, A pulse generator is connecied 1o b Lransmis-
sion line of length F = 2mhaving Z, = S0 1. R, =
20 0, and R, = 30 {}. The propagation velocily in
this transmission line is equal to 10° m/s. The ampli-
tde of the pulse is 1 V and its width is 10 5. Plot the
voltape at == 472 as a function ol time, ) = 1 =
100 ns,
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T.8.1. In o dagital computer we want 1o transmit & se-
quence of binary pulses from a pulse generator 1o an-
ather point where they are 1o be sampled, Let us
assumie that the pulse sequence shown below s
Lionched by the pulse  generutor  shown
Problem 7.7.7, and we want o detect the sequence i
a lime T = 30/ 2v lower. Describe any linvitations
than might be imposed on the speed of this computer,
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7.8.2. Generalize the results of Problem 75,1 1o 32-bit
and 64-bit machines.

7.8.3. Repeat Problem 7.7.7 f the timsnnssion hine
1% lossy and the signal decavs as ¢ ™ as 11 propigales,
where ae = 001,001, and |1,

7.9.1. Skewch the dispersion relanon for o transmis-
sion line consisting of a seres-resonant circudt in the
series branch and a capacitor in the shunt hranch. Cal-
culate the propagation constant using (7.77).
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7.9.2. Describe the dispersion relation for a transmis-
sion line consisting of an inductor in the series branch
and a tunk circuit in the shunt branch.
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