
EC ENRG 10 I A Midterm 
Winter 2019 

Name: lJ'\'\t\\ it \Avi 

Student ID#: t:;~q !4 ~It; --""-----------------

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 
even if "far" way. 

If wall, then write "Wall". 
If aisle, then write "Aisle". 

t J Lt...L Ba ~ v---

ROW NUMBER: 
(as measured from front) 

Name of person on RIGHT 
even if "far" way. 

If wall, then write "Wall". 
If aisle, then write "Aisle". 

BE SURE TO ENTER THE FOLLOWING INFORMATION 

Allowed: 
pen/pencil 
calculator 
compass 

formula sheet: one side of a 8 ½" by 11" sheet of paper. 

Score 
1 \ Q/10 4 )_~/25 
2 S /5 5 23/25 
3 14 /15 6 2'3/25 

Total h')D /105 
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CARTESIAN (RECTANGULAR) COORDINATES {x,y, 
vv .av av av =x-+y- +i -ax ay a: 

" · A_aA, aA, oA, ' --+-+ -a c ily a: 

CYLINDRICAL COORDINATES ( r , ~, z >--------~---l 

SPHERICAL COORDINATES ( R ,~0-, </>_-;-;):;------~-.....,...,,....~----

vv - 1\ av 81av • 1 av 
- BR+ Ra0 +~ Rsin(I i/4> 

V- A -_!_~ 2 I a - R2 BRCR AR) + - . --(Ao sin (/) + _I _ilA¢ 
R sin 8 i/9 R sin 8 il<f, 

R 6R ~Rsin9 
V-;: A =-1- a a a 

R2sin/J BR 09 i)4' 
AR RA9 ( R sin 9)A f 

• 1 [ a a 
- RRsinO 39(A♦ GIRB)- a¾i]+o~[-.l_8AR _ i_ ] • I [ 8 BAR] 

I ( "' R sin/I oq, 3R(RA~) + ♦- -(RAe1--
v2v = _!_ R2av) I a ( R aR 1'8 

R2 ilR iJR + R2sinfl B9 sin0~) + , I iJ
2
V 

.________ ilfl R· sm2 8 ilct,2 

) 
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Tahir 2-1 Transntls.~ion-Une parameters R', L', G', and C ' for three types of lines. 

Parameter Coaxial Two-Wire l-'nrollel-1-'latr Unit 

R R, (: +:) 2R~ 2R, 
2rr a b rrd w 

~Um 

I . ; In [<Did)+ J<Dfd)2 - 1] 
µ.h µ 

2rr ln(b/u) 
w 

Him 

c; 211'0' 11'0' O'W 

ln(b/a) In [ (D/d) + J(D/d)2 - I] h 
Sim 

C' 211'E :i'l'E EW 

ln(b/a) ln [ (D/d) + J(D/d)2 - I] h 
F/m 

Notes: (1) Refer to Fi~. ~-' for definitions of dimensions. (2) µ. , E, and a pertain to the insulating 
material between the conductors. (3) Rs :a:: Jrr/ µc/O'c . (4) JJ.c and O'c pertain to the conductors. 

(5) If (D/d)2 » I, then In [(D/d) + j(D/d)2 - 1] ~ ln(2D/d). 
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Problem l · Gi,· , . (lOpoints) · SI . c.;:n a sphere wi I : p 1ere ot charge 
density. D • , t1radiusaandchar . . . __;J,Qr all locations. (Note· ti~~ dhens1ty Pv ms1de the sphere. find the fl , 

. us s ould seem familiar!) ux 

(/\I <§ t ·as~ cl 
-~ ~ 

...._ __ _.,, 

it r<fJ. 

ix ~ t rvJ" ~ f7• v I; ) ~: f l 
!t ?> l r 1 · 1 , f v ,, 11 r • ~ f'v ~ r / ~ fv Y- I' 

D:. ~r r~a 
:;; 

d3 /" r7l\ :..,Y 
y 

pJ'1'111-" ) -:. ft 1-rr r3 
\)( Ev r 

l4j - 3 

it r? (} " I () 1i= 1 

(j. ·. r F V d V : (7 \J V I O :,_ f • ½ rr ,,.,, J O f,n Tf u, 
'4 $ 

P_roblem 2, (5 points) Units! D~ ( VI I-.,_) -:.. fv ·f11 </ D --::, ~ 
Simplify the units for fI. as much . r 3 r"\.--✓ µf as you can (you should b b . 
fundamental SI units. e a le to get 1t down to 

( .. Rf>, ~ -
-(ii;){';) 

'".;. (;l>:-)(~) 
-- ";. 

U"' r',JI 

'"\, 

& ~ CV v~- Lft ·[l 
1<-~~ ~f)t\J~ (9 fv~ -~ 14J{}~ 
l ~ 1 ,. ~r-J 

I-\ ~ {13 
4 

A - c . .,,. 
5 fl-.\ Yf) 



J\r, 

'j 

;7 6__:.---JJ -t: l () 

Pr ' . . 1.u- IS \~ oblehl 3 · (IS points) S111 ith chart \ . ~ 
l_Jse 

th
c Smith chart tu find the shortest lengths of a short-circt\ted 75 ll line to give the lollowin · · f I h 

g input unpedance. You can give your answer in tenns o wave engt : I 
a) Z in ::: O ~ , O c.. l \ 1 "' l I ~, {I ; ( I ) l 'll_i b 

A..1\11{' _ J (\ \ --- j 
_) Z;n = 00 ----,, ~) 1,1]1 /ll - L) 7/\ c) Z in == J75 "' - f_,; 

d) Z;,. = ilO ~ ·;,11,1 o.:;1S .;{) ,C,1111 '1 :.. CJ.2 SA ~ 

O) 

Vt I l11i '1 t1 0 \1S A 

IC\Pl\11 \ "' \l llll'llt\\llllV-. 

' 't .,, , ,,. '° >• o ,, l " •• '. ' , " : •: ' " 

•,:•,\;-, ... ~ ", ' ' '. - . ' " ,, " ·'' ... , 
--.;:;! ' ,. ,:: ,· ..,. " "'. ... " ,, "' ';, '"';, ·::·: :~: 

1 1, 111« 
Ult I 0: It I I ll ,1, th u• I" II~ I . 

'""'' 

l lll\\ill'lt•IP 
o, • 

11 11 1 1 It 

II 11 I\ I I 

<'"" ,J .. 

II 11 11 

~) ,£ rt1 /il U, 0/~1( 

1 \ \ ~ , h i• 

I)\ 11 I U 1 0~ 41 I U 
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Problem 4. (2~ . . , 
, · • points) fransmission line basics l·orth~tra11' · · 1· sm1ss1on 111e below: 

a) Mark the location of zL on the Smith chart 
b) What is the impedance at l = 0.1 J 

c) What is the voltage standing wave ratio on the line? 
d) What is rL? 

e) What is rat l = 0.1 J from the load? 

N?TE: It is your choice if you usrihe Sm~ or just calculate the answers. 
Either was is fine ~ 

◄ r =0.1). ► lt_ ~ 11 \JVn'l q If =t Cc/ l'-

: Z., = 500 

~, ~L -_ D_l-+j~ _S 

Ii \:-7 I 
1 - rrl 

r ) r :-
) 10 
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o. I~ 

. . 

V 
f7 , n - -

'r'<' ) "1-\ ~ 
(_ -iV"\ ~ )1 \1\,,(. ,\ V \ \. (' j 
~w 11\1 dt l\ riJ 
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Problem 5 cis .. 
section!) pomts): Transmission line (this should be familiar from discussion 

The followino tw t . . . . 
d t . t- 0 -s ep procedure has been earned out with a 50 .0. coaxial slotted line to 

\! erm me ai1 l k I . m nown oad unpedance 
1 
· ~ ~h?rt circuit is placed as the load. resulting in a standing wave on the line with 

1
:1hmte standing wave ratio and sharply defined voltage minima. as shown in the 
h~u~e below. On the arbitrarily positioned scale on the slotted line. voltage 
m1111ma are recorded at 

z = 0.2 cm, 2.2 cm, 4.2 cm 

2. The short circuit is removed and replaced with the unknown load. The 
standing wave ratio (SWR) is measured as SW R = 1.3, and voltage minima, 
which are not as sharp as those defined as the case with a short circuit load, 
are recorded at 

z = 0.72 cm, 2.72 cm, 4.72 cm 

as shown in figur_e b below. Your job is to find the load impedance. 
~ 1._W' 

£.:. < - IVI £o -_ 5~ 

I'''' I'' ',~-,~,!~-;~, t, '~' I OJ .... 
0 2 3 ..f 5 

(a) 

I ' I I , ; I I ,, I ' I t I I ' I I t I ' I I I I 
u , 1 -s 4 1_51 1-- Ql l. 

Sholl 
cin:uil 

IVI 

Unknown 
load 

ai-----o 7 -i L :. 0 

o-----<> ----

A -
2 

p: 1 VI e 
j ftv-

(h) 

1--t Ir I' Sw R · 1-2> = - ~ -=-
IV )m<lf 

(v I V)1lt'\ 

,,ln1 I \'1 
cl I' 'otlGI ivH.c hd w-u n ~.,, i , n , fY1 vi 

/YI ,"rt ) -~ov we/\ L,v ad \ 
I 

1- 1r r 

I 3 ( I - I f7 J) :. It 1r I 
,-~- ,."'J 1r1-_ 11 1r I 

D-~ :. 1.,/~/ 

l\11 : 0 .1; J 

)¼, 111 -=. ~ -L - 2 71 . I _ L~ f 0w\ J 

I \vi - v: f H Ir /1c.os (+iv-f).~) t/r/1 

lvlt'\11~ O<..uv~..> ~v NV, (_p) (-vv ·D-r) =-/ 
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Additional w k or space for Problem 5 

{,o.) ---{j / l,.)u,h 

-t) - Tl -t 2 Ti V\ 

-t1 y -1: 2 ( f ' ){ 1 4 Y) - n e -=- -;;: ,<?.flJ...,,. 
-I}.,. -~ -1. S vocl ov- ': - is 4- ° K - 2 

~- soJL 

) 

10 



• 

) 

Proble~ 6: (25 points): Series stub 

Use a single series stub tuner to match the below line to its normalized load. Use a 
shorted stub and find its distance from the load. I,. and the length of the stub, '2. 

t 

~ 1) 4-j0.4 
1n.11.:hcJ hn~ ( : , : 1 " I l 

I ---

: , = I - J> 

-0 ' 
" ,,,,, 
·\ ' / 

. 
1 , 1111 

I I 

\ 
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-z I , I : I u t 1 I. G \_ \) ·) 

.01~ C \LLA-t( ,, J-~ -o- 41;;~ 

J-1\' 0 ).~G A I 
I I V 

-
~ 2- J \ -_ - ) \ 6 

VV' II V\ -i •\" Cl I ~ '> L-."" o. c\ ( l L - 0 ) 

.Q,1-1 \ :.(o C::,- 0 \ L )) 

\ __Q 1, 1 : 0-'> ~ g J-

P ) 11 .._ u si1- o-~l!-Lf \ 

\~1~ A-j J-
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