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The first germanium bipolar transistor.

3 "

John Bardeen, William Shockley, and
Walter Brattain in Brattain’s laboratory in 1948.
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CATEGORY SHARE (%)
Data processing hardware 23
Data processing software and services 18
Professional electronics 10
Telecommunications 9
Consumer electronics 9
Active components 9
Passive components 7
Computer integrated manufacturing 5
Instrumentation 5
Office electronics 3
Medical electronics 2
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FIG. 1
s . . e A George Simon Ohm.
Jands ¢ Al Byldl crauis Baglillg yLeilly sead! s 28Nl agl (igil5 sy  Geompe Smon Ol
Y gl s Institution. Photo No. 51,145,

E 1s the applied voltage in volts,

I = E [amps, A] R is the resistance in ohms,

I is the current in amperes.

Aaglall ae LSy azell a1yl sl sLetdl o G938 iy
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Examples
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R R 220 OV Lpdyo e Gulall el ol
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I I 500x10°°A A20V Led b e dall wxdl oS 13) 500mA
Vv 16V 13 ‘Zkgwl“ﬁmﬁju‘)‘z&i—" Mu—wi
=== = 8 mA 16V LS adall [ &
R 2x10°0Q Ledsb e Gudall wdl
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E=Vs=IR=(15A)80Q) =120V 1.5A Loy 5L 5Ladl o8 15/Q2 .80

https://manara.edu.sy/



Y

6)jliaJl

Ll Do dnS Hgils

IQ‘J:.UG-;AA&&A (a3
)

Al S polic (b g duog oo slee 8L ST 8,1 18 2
s s - . R A Gustav Robert Kirchhoff.
ST gl U’.‘.'.‘.SL‘J'(:S R e O oy ddads e 5)‘-!-9 :3udadl Courtesy of the Smithsonian

«closed path §lie jluce ol closed loop &lie dal> e Jods :dalall dalxl Institution, Photo No. 58,283.
o - A O Katnigabers, Berh
Ll s9aig Bde oo ki oy cdall o palis LISCE 13) (iliygS 815 oo (paan gy e
Burlg By V| Budall e pas 0o Oga o Physicist

I + vy - Professor of Physics, University of Heidelberg

Although a contributor to a number of areas in the
physics domain, he is best known for his work in the

+ + E electrical area with his definition of the relationships
between the currents and voltages of a network in

V| V3 W
Siol Leca 1847. Did extensive research with German chemist
— — - Robert Bunsen (developed the Bunsen burner), re-

Loop 3 sulting in the discovery of the important elements of
cesium and rubidium.
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Kirchhoff’s voltage law (KVL) szl 894 S (45l8
57 fe KVL ngl oy S i oo
Halin Bl (s (RS puolial] BT e sl Digan — i galie 39¢2) Bl 3302l gl 3ol

2~V=0 (Kirchhoff’s voltage law in symbolic form) il ol Flia slua of
4 Wy ~
a b
—|—E - Vl — VE — ﬂ ® W\, *
E — Vl + VE ﬁ——’ R, _11

roladl Bhbl e spentl bga goome = LS plie sp> foamme P :
hall ol Blie jlue sl Balhe Balo oip iyl | =E | KVL/l B2V,

_E+V2+Vl=ﬂ -
 E=V,+V,
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+EI_V|_V2_EE=U

Vi=E — Vo — E
— 16V —42V -0V
V, =28V

+ V|, — + 42V -
El RE
Wh MWN——
Ll i
E, =16V E, =
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V1, V2 54> at—w:-‘ KVL ..\.(,::.U dj.i’uj.\.s 053‘5 ‘a‘..x.‘z'i_wb

. + Vl -
¥l daledl i e 0 0
+ o _
+25V -V, + 15V =0 BV = [, =15V
Vi=40V N ST
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~V,—20V =0 A
Vo= =20V | || o
L
20V
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—6V—-14V—-V_+2V=0
V.= —20V +2V
V,=—18V
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—E+V3+V,+V; =0 R3 9 R1 desd cuus|
E =V, + V, + V;(as expected)
Vo=E—V,—V3=54V—18V — 15V 1’3;\:51"
Vo=21V R, L
Vo 21V — _
Iﬁ:}%‘g: 70 —=—54V Rzg?ﬂ V,
L=3A + h
Vi 18V R,
RI_II_?JA_GH + +%_
V - _
with R; = s _bV o V, =18V
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RTZRI +R2+R3
= 1 M + 1k + 100 ()
Ry = 1,001,100 £}

E 100V

I — —
ST Ry 1,001,100 Q

= 09.89 uA (about 100 nA)

Vi =LR, = LR, = (99.89 nA)1 MQ) = 99.89 V (almost the full 100 V)
Vy = LRy = IRy = (99.89 pA)Y1 k€2) = 99.89 mV (about 100 mV)
Vi = LRy = LRy = (99.89 nA)100 Q) = 9.989 mV (about 10 mV)

20V

+
Ry Z6MQ 12V

+
Rggz MO 6V

+
R ZIMO 2V
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Rr=R, + R, :2s¥ 5,0l s G Buclall sla
E Sledly AT Ao glall by
L=h=h=-¢ T
R
| - N
E E - +
Vz=fzﬂz—(R—T R, =R R Rzg"":
_ E .. sz euead by
= R (voltage divider rule) M _;_

daid elu> Il Solu daolin L?,Ja e ol sl dueE) s
AT Slaglall Lo daglall 2 Ldadl o>
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+ Vl — + V: —
2002 60 (1
Wh W
R, = Loglall o (o A 2 L abilus gl elyxl o A
+ * 3
EZ=-64V R2 daglall w9 R1
lady (RT Aeglall §ub e V1wl 2ol cosn! B
= = el s Bea)
. Since resistor R is three times R, it is expected that V, = 3V,. R2 ?4-43‘-5-’.‘ éJJaJ&VZ , (P "~ L .C
E 64V 64 V o . . ) - . .
- Vi = RIRT_ZUH(ZGH-FGUQ)_ZUQ(EUﬂ)zl‘i‘ La_a@ 4R2‘L¢3Lﬂl‘ QJ.EJLVZ.W|MW| D
. Va=3V; =3(16V) =48V V2 izl e LN o Oy o] e Bue La]
E 64 V .
. VE—RZ (Gﬂﬂ}(gﬂﬂ)—ﬂ\r
The results are an exact match.
. E= V] + VE

64V =16V +48V =64V (checks)
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V=V, =V
@ ta T Vo Vg =+5VV, =4V Va ?
V,=V,+V,=5V+4V o— o a

=9V a R b
Vip =V, — V=20V — (—15V) =20V + 15V
=35V
OV, =420V
+

Vab?
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, 9@ I E,=+35V
R, =250 a B
b + R, <250V, Vab, Vcb, Vc 3 g 2| s |
+ T—
RR=20 E=»Y - Op —
‘ V., R, =200
E'l = gV ch 1
_I_
. + o C
. i E,=-19 Vo—
34V
I—M—I.ZA Ey+E 19V+35V 54V

= =1.2A
Vi =IR, = (12A)(25Q) =30V Ry 45 Q) 45 Q)

Voo = —IRi ==(12A)20Q) = =24V y _ 33y y. —_24V V.—-19V
Ve=E =—-19V
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$Vab, Vb, Vc cous|

+ Fﬂﬁ. -
R R~

a b
A A
210 30

+

+
=0y v,
- =

R, § 50
a. Voltage divider rule:

L _RE  (29)(0V)
. @ Ry 20+30+5Q
b. Voltage divider rule:

= 42V

(R, + RE (3Q +50Q)(10V)
Ry 10 O -

or V=V, Vup=E— Vi =10V—-—2V=8YV
c. V.= ground potential = 0V

Vb=VH1+vR3= SV
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Kirchhoff’'s Current Law
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I = 31, > =3I,

Lh+hL=15L L+ Is =1,
JA+3A=L=5A SA+1A=1I—6A
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SI =3I, . ) SI= 31, CgdinS 0958 Gedaty
I=1L+5 Se-dipS Ogild Gudaty I =L b sudall e Lol
SA=1+4A asuaall e bl L.=1. =1A )
L=5A—4A=1A 37
EII-: Efﬂ ZII: EID J 2 v ela - -
/T -l S (938 Fedaty
I = I, S9-dipS (938 Grdaty L+ 1, =I5

. . 4 d 3.5l Lol
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SI = S,
II+I2:I3
4A+3A=L=TA

SI = 3,
I3:L_1_+Ij
TA=1A + I

Is=TA—-1A=6A

SgdipS Ogld Gudany
asudadl e Ll

SgdpS Gpld Gedany
b suaall e HLall
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. { 8mA { 10mA {2mA

= Rl§2kﬂ R2§ R3§
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a—||

Applying Ohm’s law gives

o . - . s e . - E=V, = LR — (8mA)(2k()) — 16V
a daiall J&JL”u.U d}wﬂSuj.vb&yJa.u ! i (8 mA)( )
Applying Ohm’s law 1n a different form gives
Vi3 E 16V
= Ryi=—=—= = 8 k{2

I.E-‘ — jr] T IZ - 13 Applying Ohm’s law again gives

I,=8mA + 10 mA + 2mA = 20 mA RT:IEZZ:]”A:.},“H
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