EC ENRG 101 A Midterm
Winter 2020

Name:
Student |

A. Please put all the work on the test paper.
B. Show your work! Provide clear explanations and show calculations. You
may not get credit for work that is not shown.

C. List units with all answers

Name of person on LEFT Name of person on RIGHT
even if “far” way. ROW NUMBER: even if “far” way.

If wall, then write “Wall”, (as measured from front) If wall, then write “Wall”.

If aisle, then write “Aisle”. If aisle, then write “Aisle”.

BE SURE TO ENTER T : I

Allowed.:
pen/pencil
calculator
ruler and/or compass
formula sheet: one side of a 8 %2 by 11" sheet of paper.

Score
1 /5 5 LES
, /5 6 /20
3 /20 7 /20
4 /10
B Total 193




Some possibly useful information

u =47r*10‘7—1-£ € =885*10'12—F—
0 oy 0o =28. o




Table 3-1: Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, ¥, Z vz R.6,¢
Vector representation A = XAy +FAy + 1A, FA, + $A¢ +7A; ﬁAR -+ éAg +$A¢
& / 'S 3 e
Magnitude of A |A] = VAR + AT + A Jar+ A3 + A {;’A:’k + A%+ AZ
Position vector Oﬁl = Rxy + ¥vi + 271, try + 2z, RR,/
for P = (x1, ¥1, 21) for P = (ri,¢1. 21) for P = (Ry.P1. ¢1)
Base vectors properties k=¥ ¥=2-2=1 fi=6-0=2-2=1 RR=0-0=¢-0=1
- §=9-2=2-%=0 | i-¢=9¢-2=2-F=0 R6=0-¢4=06-R=0
ixi=2 Pxd=17 Rx8=4¢
IXz=% Oxz="F Oxo=R
IxX=}¥ IxfF=6¢ ¢xR=80
Dot pl’z}diwi A'B= AxB\"‘f‘A\B\ -+ A/B/ ArBr"f’A@B@'*’A?BA ARBR +A§B@ +A¢B¢
v 1 Poe i R & ¢
Cross product AxB= Ay Ay Ay Ar Ay Az AR Ap Ap
Bx B}* B,’g Br Bd, B/ BR 89 84,
Differential length  dl = Rdx+§dy+2dz fdr+6rdp+2dz | RAR+OR O +§Rsind d
Differential surface areas dsy =Xdydz dsy =trdop dz dsp = RR%siné do dop
dsy =¥ dx dz dsg =¢drdz dsg =ORsin# dR do
ds, =7dx dy dsy = #r dr d¢ dsg =R dR do
Differential volume dV = dx dy dz rdrdgdz R%sin@ dR df d¢

Table 2-1 Transmission-line parameters R, L, G’, and C for three types of lines.

Parameter Coaxial Two-Wire Parallel-Plate Unit
g 2R, 2R,
K 2 \a = b wd w ki
, | .
L Lo i 2 .. s H/
- In(b/a) = In [(D/d) + ‘/ (D/d) 1] - m
¢ il akd : i Sfm
In(b/a) In [ (D/d) +V/(D/d? ~ 1 k
2me e cw
! . hihad F/m
/@) w[D/d)+ D/ ~1 A
Notes: (1) Refer to Fig. 2-4 for definitions of dimensions. (2) i, €, and o pertain to the insulating
‘material between the conductors. (3) Rs = /7 fftc/0c. (4) 1 and o, pertain to the conductors.
5 If (D/d)2 > 1,thenln [(D/d) +(D/d)? — 1} ~ In(2D/d).




Table 3-2: Coordinate transformation relations.

Transformation Coordinate Variables Unit Vectors Vector Components
Cartesian to r= Jx*+ y2 P =Xcos¢ + ¥sing Ar = Ay cos¢ + Aysing
evlindrical ¢ =tan~ ' (¥/x) ¢ = —~Xsing + ¥cos¢ Agp = —Axsing + Aycos¢
Z=1Z . i = i Az = Az
Cylindricalto | x =rcos¢ % = Fcosd — gsing Ax = Arcosg — Agsing
Cartesian y =rsing V= Ising +¢cos¢ Ay =A,sing + Agcosg
Z =2 i = i AZ = Az
Cartesian to R= 3T+ +22 R = &sinf#cos ¢ AR = Aysinfcosd
spherical + ¥sin@sing +2cosf + Aysin@sing + A, cosd
0 =tan~ [ {x2 +v2/z] O =Xcosbcosd Ag = Ay cosfcosé
+ Veosfsing —2sinf + Aycosfsing — A, sind
¢ = tan~1{y/x) ¢ = —Xsing + Fcosd Ap = —A,sing + A, cos¢
Spherical to x = Rsinfcos¢ % = Rsinfcos¢ Ay = Agsinécos ¢
Cartesian +8@cosfcosp — Psing + Agcosfcosg — Agsing
v = Rsin@sing ¥ = Rsinésing Ay = Apsinfsing
+0cosfsing +dcos¢ + AgcosOsing + Apcose
7z = Rcost 7z =Rcos# —Bsinb Az = Apcosh — Agsiné
Cylindricalto | R= Vrl+22 R = fsin® + Zcosd AR = Arsinf + Az cosd
spherical 6 = tan~1(r/2) 8 = fcosh — Zsind C L Ag = A,cos8 — A, sind
¢=¢ *=¢ Ay = Ag
Spherical to r = Rsin8g # = Rsin® +6cos6 Ar = Apsin® + Agcosé
cvlindrical ¢ =6 ¢=¢ Ay = Ay
7z = Rcosé i =Rcosé —Osiné Az = Apcost — Agsind




Problem 1: (5 points) UNITS!
Simplify the units for \/g as much as possible, where p is permeability and € is

permittivity. You must show every step to receive full cr?dlt and you should simplify

down to a single unit
gb/{ﬁ . }\//%ﬁ 0SFV veLe
T H= Y_f F:Q '/:/‘},'.ﬂ—

ke i) i
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Problem 2: (5 points) Lumped element model
You are analyzing a system that involves a source connected to the load via a 10 cm line.
The circuit operates at 3 GHz (10° Hz), and the wave velocity is the speed of light (3 *
108 m/s). Do you ne treat the 10 cm line as a transmission line, or can you treat the
entire system as a lumped element (where the 10 cm line is all a single node)? Show

L\ calculations to justify your answer.
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Problem 3: (20 points) Smith Chart
Use the Smith chart to determine the input impedance Zin of the two-line configuration

shown below. (Additional workspace is provided on the next page)
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Problem 4: (10 points) Power Transmission
You have a transmission line with characteristic impedance Z, = 50 () that ends in a load
with Z, = 30 + j40 Q. What percentage of the power in the line is transmitted to the

load?
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Problem 5: (15 points) Gauss’ Law
An electric charge +Q is uniformly distributed across the surface of a non-conducting

hollow sphere of radius a. Determine the electric field flux D everywhere inside and
outside the sphere. You can assume the sphere is infinitesimally thin.
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Problem 6: (20 points) Stub matching
Use an open-circuited stub to match the transmission line below. Determine the length of

d and /. You may use the Smith chart on the next page or calculate your answer. Either
way, make sure to show your work.
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Problem 7: (20 points) Smith Chart
Using a slotted line on a 50-€2 air-spaced lossless line, the following measurements were

obtained: S = 1.6, and |[V|max occurred at 10 cm and 24 cm from the load. Use the Smith
chart to find Zi. You can find additional workspace on the next page.

Hint: An air-spaced lossless line tells you that the permittivity and permeability of the
dielectric in the transmission line are the values for air.
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Additional workspace for problem 7
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