Electrical and Computer Engineering

Undergraduate Handbook

Binghamton Untversity




) (

(
( $(
) - )
O +/0
- 12&34 33350'02
6 7% (
|
) )
*(+/8
. -12&34 33350'0&
(7% (
#$ !
9 (
o+ /%
, - 12&3433350'82
(7% (
6% | & ##
(.
*( +,"&

( ,

- 12&34 3335%:0%
7$ (




&
N ) (s
$ |
;| "$
& )
$ -
$ %! &
(o
! 0 1$12
4
$
6 ( $
-*6 ( $ 0
"$
$
7 1$8 98) 2
$ $
! <) &
&
(G
6 $
4
)) =)
) & =

T+ o+ o+ o4 R H

&




(* 6

)
D. 919%0!

6 "$> E
$ 1%

)!

2

$&&

"X

w




(C > (9( ! &
) & 9 ( ? " 9(
& "$9@ @ ( F
"& && @ & @ @ (
)*
( ) & ( & (
* ( G
G * ( F ( >
> * ( &
3 % G * & ( & @ (
& @ *
& ( F
S G * (> (
( (&
(% > * 7&
& G
o && "> * ( @ @
3 &&" & " %
& &&
5 5 " ( @> @
% & &
(" 7 G) "E &
( "F @ * & @
u (* *
( (= & @ * (
! ( & " (
&
i ( ! '@ @ % &
&
# o " &
+ ( & (
&
Jo( *
. % > * &
7% (& 7
3 $ ( @ ( @




01 ( & i
9 ( ! &
& S & &&
! ( & F (
* G & @ @ @
& @ &> @
( & 7 & & 6
@ * & (
( o 0! $( &
o]l 09 $ 10 9
$ 2 7
01 ( * & (
9 ( ! ) & & & *
(* * * ( && ’( &
( & $
& = @
& * @ (* *
' @ & " * > (
g "
() & 7 & & 6
@ * & (
(9 o! ) & $(
9 )& 09% 1 0 9
$ 2 7
i ( ( & ( (
$&& ! & (
@& & & @ (
(&> * @ (7 "A
( " @ " (
) & @ ( *
& 8 (" & (
>* ( * (*& 8 *
( @ ( ) &
! & *( * (). &







1( &G%%*™* (2 ( * & R Y
@* 7& *( " (

*

©~
*
—




X X
& ( " ( ( (
b ( " & ( ' A
. ga
1 ( *xnG
| $@ $=-@ D@ 9@ 9-@ D@ )@ )-@ @ 6@ '@
| %6
! O« & -* @ @
( %6 & 1 2 616 2 ( (

! 7& (2 * &

( ( @ & " ( % & J (

* 1 (&
N ( ( (! &
((C *>
$ # ( & ( (6 ( * >
% # ( (* & 7 ( &
( ( (*>! * & (&
* H'@K *( ( * A &
& " ((

J G & && &

7 @ (! $ & % &

& " & @* (&&
& HKS$ & & *(
& ( ( ( < (
*(( * 8(*@
& (*> && ( @ (




G
$
$ &"
( " $
$ $
(
(*(*
H'K
( @'

rrrrrr

13$2
/ )D
5 )
55 )=
5/
3 6

@ (

1812

HK

$$




* ( (*
( & (GG &
Lo & * &
( A- 6 (&, , @ ( (
(& &
6 ( @ ( G

8 51715+ $G

8 5/5# $G

& " 0% '()*
)
( ) # ! *( & 1 $2
*3/ & & & ( *
@ ( & 3/
& &
) # I x(A $ > 9 (
*3/ & & ( * @
( = G
8 (" ( (
8 (" & & &
( (&
! &  ( ( $ 3/
$ & &
$ # ! & *( ( ( 3/
$ $ ( * & 1&
@ &&
@ ( (
* & ( ( & (
> ! *( ( $
& $ 3 / &

$%




/,.:
.,b3
55, #
+,:
:D
L # | *(@ &
(
* &&
(  $&& (
6 ( &&
T %
2 (
? O O (
*(
& 0
" (" 1'( $
@ ( & ( ((
(*C* (
>
0 && ( (0
( (? "@7& ('
.3, & *( &
? && "
$ (" (
(9 ( 7
( ? $
! *( & (
"
( *“( (0
7 &

9 (

*(

$$




+ o' (1

? ! @
3/ $@ ¢ 3/ $ (
( A& * &
! " # 1$12 & 3 $! & (*G
$ & @ 9 (
A @ * (
@ & @ & 8
i ( A $ *
8
i ( A $ ( 8
; ( ( 8
7 & ( ( && ()&
? ( ) &
X
53 ( $9
! ( $' & ( ((9 ( 2 " 97
9 ?2 (! & * (& (
& ( $ ( > ( 9 $! > (
& (8! & &"*(
= " E & *(( &
*(( A @) ?
@ % & ( $
I %& & $! &
$ &
& && "+ 0 $ * ! & (
$ ( & ( A
& @(7& && $! &
I %& & $!'7& 6
$ ( ( ( A I+
( *( ( I$$ /0
( @*( & & " $
( - " (
( = &
I $&& TG & $! ) >
$ 1& @& @ ( 2 & " (!
$ ( ( @* ( ot

A




( && &
" (
> &
@) )
@ ! ( 0
$&& !
6

6 (
*( " *
9 ( A (

((

&
2 "o * (
& ) $
> J @!(
H(
(
? $

&&
(
() %&&
|
$ v
I $
) 1)1 1
(' 7
&@ (
(*>
@
@ &
&"
(

) $&& (




"%




$&& CC & " (C ( (
" $&& ( "
( A (
" && ( ( &&
J (& *(( (( (

! *(*( ( * @ (
( & ( & @ ( ($
@ & (
& (@ " (
(
)
7 7 ( (%
1$2@ 9 192@) 7 1) 2
@ ) 7 @ $J 1 b
112 ( ( & > (
! 7 " &&"
& $ 7 * ( 5
&& @* (( && ) " (
&& & ( 7 x $
1 $&& 7& 5=% ") 2

) 1$92% 7 G

L/ 3 & * (
& (9 (

0$;- 33.

, ! /4 0%:-33.D &
* (1 2

) 192% 7 G

! / & * (
& (9 (
0%;- 33.
! /3 0%;- 33.
! /4 0%$:-33.D &
* (1% 2




* %

o=

H)K

(
@ 7

*

() 9

1(*
I (
(3"&

@ 9 (
(
7@

! .@ )

*

&& ,

(2?10

( (0 (5.@3/1

R &

(

@ .3 -*

#

@

1;B!$2 0O

'

(9 (

" ( 12JB *,B

(&
&

F
(

"%

@ n

B1$ (

?

I $)
" 2+ (
(
@ " (
7 &
/ 7
&&, 7
( &&, 7 *
: (
* (
3

1 (
g
((&&"
( ! &
I
( H( (




0 ( ;B'$ G $ >) ) @
) ") @) (" 8 @ ) ;0
0 @) ) ") @ () ") @6
o ") ") @- 4 ") ") @M
) ") @M ) ) @ J ) ") @
) ") @ ;& ) ) )
& * ( 7& (
«( ¢ & ( * @ (" & (9
) ‘@ )
@ & ( *G
12 ) @
12 31*2 . &("
12 .12 oo I %0 (
12 31*2 () & (
12 31*2 - %! 1 1 2. "o
- " ) F 2
12 6 )
12 " ) )DD
1(2 " 1J G @ () 1 2
o( 1 )2 > ! 3. &
2
12 ! (
12 0 &
1>2
! ( > @
& & ( $"
*( $" *(
( & " & (
7 & , ( & "
= “(( 7& ( > T
& ( (*( *(( 7& ( &
(" & ) 9 ( 7 A& )
1 ( 2 ? 1°? 2 *((
$ &( & & &
(72 9 ( && ( @
" 72, && * &
? $ ( (&&*> $ & @ * (
@ $ & @* (&
( && & & (
! & ( 21 "@
"@ 1& 2
9 ( 2?2 "A

3!




..)

~

1

)

* (12JB
@ " ('
(9
(& H = K
(
( J( *
(H = K

@ ( @

“(C
' (" ¢
@* ((
&("
( o

$ ! ( & ( (
> ( 9 * *( > & G
6 " ' & (6
$&& 6 ! $ 16$6!$2 !
4)41) ( &G%%0*** % :
n<=>? ( (&0 *
6 ". (& ( 63$6!$ ! &
( & ( J . ( @&
* ( n _* @ @
@ b
J*B > ; $ 1;$2 =
$ ' 63163@ ( * $ % @" *
& & 7& ;% && 0 ( (& "
7& ;% && (
$ = $
@A@;
% @ "
"« ( ((6 $
! @ @ >
& 6 ! &
( &G%% ( % (
4 ) . + . ( &G%% ( % && ( *
4 5 . 1 6 1 ' 1 0
( 207(3 8 1 4 ) ) 4 )
) ) )




|+ +

&
(o (
( 9¢( !
| *( &
H( (
( ( &
S "
(0 & ("Cc 3 "
$ % & '$
0$;- 33. ) 102
>-0... X & 12
35 ()
... T&
12
$%' 1B@ !@ 92
$ % &
0$;- 333 )
-B! 5. " 12
S )
“1J.3 7& 1M2
12
$%' 1B@ '@ 92
( +)
(9! 9) @
( *(
3/@ & 3/
) & 10 & *(
@ * ( 3 *
( 2 @
(

Y

)*

S#




% & '$
0%;-5.

-B! .53 ("
) 3.

) 3.
) 3#. ) !

% &
)'3.3

1 3., "
)33 0 &

) 3/ )

/I & '$
) 5/. | "
) 5.

) 553 !

0$;- 535 0 )

) 5#3 ) !

1-2

) # | 1M2

1$2

) ## | 1-2

132

)*

)*

%




& / $<i:B 1
% & '$
0%;-5.
-B! .53 ("
) 3.
) 3.
) 3% ) !
( )
% &
)33
I 3. !
)33 0 &
) 3:/ )
( )-
/I & '$
) 5/. | "
0%;- 5. 0 (
) 5.
) 5. !
) 5#3 ) !
( )
/I &
)5+ )& ) J*>
)53 )& $( 5
) 5# 5
1-2
( )
& '$
) # ! 1M2
N5/ & |
; ( 5
1$2
( )
&
) #it | 1-2
» ( 5
1J2
( )

)0




2 (

Yo#
$ %&$

8 ((
(]

2% s | 2% s J\ O6((% 9%/
1 3 1 34 ."I_( $/
( ( _l/ ® % % $
O($
n $ 1 n ( *)
YEl - (( (
%% $ + * " * 0,

® ((
(]

06(( % $
@"- (11
@"-( 11

l%é % $/
O (




9 ( 72 "(( &
++@ *( ( ? J* B > 112JB2
$ 9?
3/ & & ! %
& ( g>*
> GO( 8J 8! I 8% - "8
) F 8 (' ) 8 - 8% 86
8 9 ) @ & G) (>
1 2 0 2
$ 3 $ + 3 ) 3
7 6 $ *
6 .
"0 6 "0 6
090 ; 090 ;
I
2<3< =3 =
2>3 >+ 1 2(3 ( - 1
2?3 ? O 5 23 ()
7 9 213 @
23( ) »o@
23 '+ 8
2A3 1 1
2)3 )
9 "0 1
9 1 .9
.. 0 .
1 9 . ( +
*554+ + + 5 + + 6
$% B
+ *
C&
12 ( & (
? (" & 3 &
&% "& ! * & & &
8 8 @
“(F $ /& (
* 06 $ $




3 132 &
&> ( & (
A7 0* + 7
+0
<& L) .
( &7 ( * ( ( (
* ( (& " ( ( ( >
(? | ( & ( (*
% 4 01 (
& (2?2 ! & 7& (* ("(
" ( $ "
> ( *G$ $ ©@%
$ @ & $ @ $ J 3
D 3 % & ., Cp&
+ : $ "F - CA& +
# F"+ C; & "G E
J;G 0 HK > * ? ! ("@
" & 4 H(
( 7 N R &
(% 7021 "y ) !
*( ( (>* ( HK !
( & HK ( &"
& ? '
*6,
: @
@ .. + +
B ) + +
: . @
B 0 A )
@ B ) ) . :
) D (< %% ((C (0 =( 2-%(> 66 3>
6($ -7 3> (1% ? "33> %
$(> % $/ @
>& 3 +
( ( ( & (
>
(. (
( 78: " ( @




# 01 & F

& (@ " & (
A " @ 7 @ &

o6 $ $ " 6 H

$ 3 -+CCC E

01 & F ( & @
( D 3
% & - CCC& F C?: &
$+ F CCl& " '

5% 0+1 " ( 0
& 5 @ " @
i $ 9 )

) v " o6

$ $ " 6 H $ 3+ -<<C

A&
9" > ( @ 7 &
&& ( 7& 7&

% 01 ( &
( ! " & 7&
& ( @ ( '@ @ @ @ &

@ ( D 3% "% &
( C?C& F+ CC& + F
(-<=2(& ' E

* C

(<% (@ =(
n"g#  $ % %

&'()&'(( %
¥+ I (( (%% " (9 @2( $
( 3< ( =/« ( ( (AB (<9 (
( ((/ 2-%(> & 3> % -? 8 C>
D( $(?"& 3>"% % %$ ?2"& 4>6((C '@
@& 7"
7@ " * & ( (
& s * H K
%ot # 0/1 / & (
& &( 7 & ( *
G > @ ( @




% & -/CCC&J 0OC 1F - / CCB& 7(6 ) 0C
1F - /CI?& oc 1 E
6 01 (& @ &("
& @ @( 7 "@ 7 &" @
( & ( ¢ "«
&" & (( " D 3%
% & - CCC& $0C 1F
- | C@=& ( 1$ 0oC 1 E
J;G 7" " "
* k"G
8 )& .1 2 $ :
1 2
8 )& N G "% (
* G
v " % 8
o 8
v " $ "%
8 )& 1 2 ( &("
J:G & "
7" 01 D% & -/ CA& 2 $
0C 1F-/C?&/ F-/Cl&-5 oc 1 E
7.4 % 8 '8 9 % # , $HK
& $ H6K ( & @
(0 ( > (& %
& -2 &- B H6K J; $66); _$
-/ (5%




6 ( @ * 132 ( * 132 &
6 () @ * 132 (
1.2 &
&& ( & ! &
> | ( @&
K 4 $  +*
)12 /= #8
J, @ )5.@53@ 5+
) 5.G "
)53G) & $(
) 5+G) & ) J*>
K 4 $ +*
J, ) 8)I35.= #8
)12 /= #8
J, @ ) 535=5G
) 535G
) 553G !
) 5.G) !
)5 G) !

$);
$!;
9)-0

)-0

)!
)J

08:-

00;
-B!

53.=

53.=

53.=

35.= ++

5//=5+/@ /l= 3

53.=

535=5 1 "M@ /l=#@ +.@ +:
53.=
53.=

3.@ 35.@ 5/l = #:

5//=5#+@ //= #+17 & 0 (53 < 2

33@35@3 @5//=+

53.=

535=53@ ..=

#
( % 8
8
$ #
" < $
8 % 6
% 388
% 8
88







(
* > (&
¢ 8 & ,&& 5 |
6 7$ 48 & & *((
$ & L @ & 4 @
>@ 2& && & >8& ((
e $ ( & ( "
tO s % &
(" 3 @ & ( (&,8&& @
( " ( ( OO
S Y S
)y +1 & '@ ) + 1 (82@ ) ++
1? @ ) + 1 ( 5
( 7
((&& & *> & ( (s
AB? H
(& ( (9 ( *( (("
( & ) & $ ( (
@ (& && * & 5 ) +
(&8 (& S (&% &
(5 ) 4> *( & "
( & (&
( - (&
@ & ( 6 $
/ ( 1& & 2 *( ( () 2
( (&@ ( ( &
Fe @ "> (& (
( e (" aa $
( (&@ ( & & F * >
(v> C
O () &
&
ABC H
! ( &
*>*(
@ (
? ( " ( ( !
( ) +=0 1" "52@




& (
* > * ( )(
2 $(((
( & @ " ( & *
! " @ & ( (
( ( ( ( (7 (
*(( @((* @ (
"& & ( (% & 6 7& @
( &" & & "@ (
( *( ( (
> 1 5¢ 2 -* @( ( &*>(
3 ( "&
ABC3 AB?3 ABI3 _ABB
6 & '@ (&@
? (@ ( @ "ok
6 $ 1 - ( & &
! ( 9? 9 ( (
@ @ H K ( *( *
& ( ( ()
& ( ( (
( () & * & &
( ( A
I 4+ *
! ( & @
( - G
P > H K ( 53
H K ( ( & "@ (
* && 7 /
&
P6 () HL K @ * ) 535@ 553@ 5:.@
5@0 (535@ * ( @ B &
P6 ( H(K @ * ) 5.@ 53@ 5+@
)5/@0 (5. @ * ( @ &

%




$&&

(& *&

(

(
"
$ @!,3
( (
@
& (
& .
& &
20
($
G
(
&
@ & (
(&
(&




( & (7 ( (
& ( &
+ G $
$ + & &
*(( && & (9 09%  *(
& (& @ * > ( 09%
( % " ?2& & ( " @
(9 ( (" (" " (
09$& O ( & ( 1(
0 @ ( &G%% ( % % |
$ + &
*>  x (9 & ; @
( 3 % % 1
@ t2 0 &&" (
& ( & ( && (
' $ ( & @ >
( ?7&  ( >
A (* (O ! (
"M M. ( @ &&
( & @ *( (
& @
$ ( & @ >
& ( ( & A (
& ( ( 7& ( ( (9
& 7 7& or ( &
& " ( (o ( * ( & (o ( &
) (9 ( 7& ( (
& * & (9 0! ! (
& ( 9! & (
(" (
( > * (0
(o 7 & @ *( (
(( " &
( & @ ( (or¥
( ( 7 & & @ ( "




*(







X ( (
( > & &
( (X (
) ( & R ( ( (
( A (

! && *(($ |
Her(( (
($1%! .
$ (" ( &
" ( ( 152 "
& (98 ) @ & ( > L
( > , *( (* (
» ( "k
( & ( H& " & K
) ! * ( >
& & > ( )3.31 5
> ) 3.1 2 (
( & " (>
( ( > ("
> &)33@ " ( ( " $
0"

( ( @
( (& ( (
> && & (
6 @ (' $ @ (
( " ( (
& & &
%

! 7& > ( (1 52 7
(& ' * ( (@
( ( & ( ( *




<@C&! !
S 8 T
6 &
&
& @ (
)$
6 & -/C><
<@<& # +
S 8& T
F & G& @
&
( * *
& 0 & "
6 & <@C <CC
<?,&
S 8 T
? (A= U (A
GJ ( (@3
; &
& @ 7
6 & -/C>< + ->IC
<=C&
S 8 T
- (
*( ) & @ *( &
)1 @"&
6 &
>:C& 9
S 8 T
& , &
2 & 16
@ " & @V @
6 & <?7 +->IC
>C@&
S 8 T
@ (
& & @ 2 (
6 & <? <@cC

&

&&




>=<&

S. 8& T
* (& &
) & ;& G
(@ -~ (
& @
6 &M
>=1&! )
S5 8& T
I * &
& @ @
& ( & @ *
6 & <@<3 >,C3 >C@
A=l& *
S 8 T
& & *(
& & @ ( @ &&
& & @ &
&
6 & >=
==& *
S 8& T
) ) # &
&
6 & A=l $
(L (! 7
><>&
S 8& T
6 @ 07t A
$&& @ @ & &
&> @*
6 & >C + -><>
>><& !
S5 8 T
9 (" @ &, @ &
8 @
6 &-/C>< 6 & >C@
>?7C&
S5 8& T
" @ @
@ & @ @
* &) &
&

(

@& &

7
**(

& (

1& @
@ *

) @




>|1&
S5 8& T

6 & >C <?C




©

")& "1 > 2@
gee& @

@ ( )0 !
' ! @
F )o'!




6 & >@C
A@I&
S5 8& T
" @ "
)'& &('@ "@ "
6 & <@< <<F$
A?<&
S5 8 T
) ( (
V, &
& ,
6 & >?7C
AlA& 4
S5 8& T
& " 9 >
@ & @6 &
6 & ><>
All&!
S5 8 T
6
1& & ! & &
&* "
6 & >l
A=B& $
S3 8 " T
& & "
& " @
& &
7 J*B >

ABC&
s 8 " T
$ *(
0 (& (
&& ( ( &
@ &
6 & $

2

1 & 3+

NN

@ &(

%




&

1 & 3+

>@

$&&

& &




$ I
9 ( @ & &
! ( F O "
! & )
$ )& 0 ( "1$)02
(9
Uu&s J1 (
1
J "9 1319 2
Lot 11$ 2
! - & 11- 2
! $ $ (
! 112
;9 1 ( "2
(51 "2
2& & 1 ( &




P’ (+
0> $ 131<
!
JH
9@ E
P& V( @)
F( X ( )
9@ E ,
U 0&'@s$ X
> &("X ( 3
E3 JH:
( 4U @2 ! 2@
! p
- 9@ E. ,+5
0>6*
o 2@ ./ 3+ 3
$ | ?
X (
67
5 3 (T@A?
! $
'@ 3
'( @
- : 3.
0 J @' " ( ' @
$ (<7 $
X ( y
@ +9 .5+
oM U @%
o @ 5/ .35
|
M(6 @'& $ ( I
- 9@ U. B#5
0 @)
- '@ 3: 3/
$ $
o @ /+ ,:3/5
1 |( $
0 @
*x (
'@ / o+
I 1
g'( $




$$@ /. 3.

'a .+ 3 3#
'@ .+

Ja@ 3 ,:3/5

H

(@9 ( 7

(X_(

(@? " 0" @) >

9@ .3 ,..b5 (X (
@(@? " ! ()

9@ E.. 3 #. X (

(@ @(! 2 '

9@ E# |+ X (
(@ ?2 "

'@ J3H . X
(@? -

9@ E. ,+5 *X O (

(@ !

9@ E.: . X (

9@ E.# , #.5 > F> X (
(@? " 0(

9@ E: I # 7 X (
(@? ")

9@ E.3 I > X (
(@9 ( 7

2@ . , +.H X (
(@? " ! ()

9@ E. JH X (

(@ ('@ (




20

2@ ..
(@

9@ 3

2 /
(@9 (

, +.5

1.5
(@0 ~

3+ 3
?




