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Kirchoff’s Laws               
• Kirchoff’s Voltage Law: Sum of the Voltage Sources Around a Loop 
Must Equal the Sum of the Voltage Drops 

Example: 



Kirchoff’s Laws (2)               
• Kirchoff’s Current Law: Sum of the currents entering a junction 
equals the sum of the currents leaving a junction. 
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Simple Thevenin Example 
• “Stand” on the terminals “X-Y” with back to output 
circuit … Calculate Observed Voltage, VTH 

VTH =V !
R2

R1 + R2
RTH =

R1 ! R2
R1 + R2
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V*8'(%/=%K'(.(6/-(%>4?
0�Carbon composition resistors consist of a 
solid cylindrical resistive element with 
embedded wire leadouts or metal end caps 
to which the leadout wires are attached.

0���)")*",���#�$�%*�")�$�����(&$���$".*+(��
of finely ground (powdered) carbon and an 
insulating material (usually ceramic). The 
mixture is held together by a resin. 

0���)")*�%���")���*�($"%����/�*!��(�*"&�&��*!��
fill material (the powdered ceramic) and the 
carbon. 
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0���)")*",���&�*"% �")�'��#���
away in an automatic machine 
until resistance between ends 
rod is within tolerance

0���*�#�#���)��%���%����')��(��
added and resistor is covered 
insulating coating and painted 
with colored bands to indicate 
the resistor value.

0Carbon film resistors are cheap and 
easily available, with values within 
10% or 5% of their marked, or 
'nominal' value. 

0��+("% �$�%+���*+(�����*!"%��"#$�&��
carbon is deposited onto a small 
ceramic rod. 
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Metal F ilm resistors

0�Metal-film resistor is a common type of 
high precision axial resistor today is 
referred to as a

0���*�#��"#$�(�)")*&()��(��+)+�##/��&�*���
with nickel chromium (NiCr)

0����)")*�%���,�#+��")���*�($"%����/��+**"% �
a helix through the coating rather than by 
etching. 

0��!��(�)+#*�")���(��)&%��#��*&#�(�%������������
or 2%).
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0�Wirewound resistors are commonly made 
by winding a metal wire around a ceramic, 
plastic, or fiberglass core. 

0��!���%�)�&��*!��-"(���(��)&#��(���&(�
welded to two caps, attached to the ends of 
the core. 

0��!���))�$�#/�")�'(&*��*���-"*!���#�/�(�&��
paint, molded plastic, or an enamel coating 
baked at high temperature.

0��&(�!" !�(�'&-�(�-"(�-&+%��(�)")*&()��
either a ceramic outer case or an aluminium 
outer case on top of an insulating layer is 
used.

M8>;3?AD7+>;080:?>0

http://en.wikipedia.org/wiki/Enamel
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0�Metal Oxide resistors are non-inductive 
and substitute for carbon  comp in most 
cases.

0��!�/�!�,����(�)")*�%����#�$�%*��&($����/�
the oxidation reaction of a vapor or spray of 
tin chloride solution on the heated surface of 
a glass or ceramic rod. 

0��!��(�)+#*"% �*"%-oxide film is adjusted to 
value by cutting a helix path through the 
film.

';:2C+*L87;+>;080:?>0
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F ixed resistors

0���)")*&()��(��$�%+���*+(���"%�,�#+�)��(&$�
a few milliohms to about a Gigaohm

0��%#/���#"$"*���(�% ��&��,�#+�)��(&$�*!��
IEC 60063 preferred number series are 
commonly available. 

0��!�)��)�("�)��(����##���E6, E12, E24, E96
and E192. The number tells how many 
standarized values exist in each decade (e.g. 
between 10 and 100, or between 100 and 
1000). 

0��&�(�)")*&()��&%�"($"% �*&�*!��E12 series, 
can have 12 distinct values between 10 and 
100, whereas those confirming to the E24
series would have 24 distinct values.

#A>H2F;+'?AD:
%;080:?>0

http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://en.wikipedia.org/wiki/Preferred_number
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0�����'(���((���,�#+�)�������������������������		��	���
��
56, 68, 82 Ohms

0��+#*"'#�)�&�����&��*!�)��,�#+�)��(��+)����1����
��, 4.7 �, 47 �, 
470 �, 4.7 k �, 47 k �, 470 k ����%��)&�&%�1���

0���
�'(���((���,�#+�)��"%�#+��)�����,�#+�)��%��������	������
20, 24, 30, 36, 43, 51, 62, 75, 91 Ohms

0��%�'(��*"����*!���")�(�*���&$'&%�%*�)&#���)����(�)")*&(��")�%&*�
a perfect resistance, as defined above. Resistors are often marked 
with their tolerance (maximum expected variation from the marked 
resistance).

http://en.wikipedia.org/wiki/Tolerance_%28engineering%29
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� Rheostat: variable resistor with two 
terminals, one fixed and one sliding. It is 
used with high currents.

� Potentiometer: a common type of 
variable resistor. One common use is as 
volume controls on audio amplifiers and 
other forms of amplifiers.

Variable resistors

Construction of a wire-wound 
variable resistor. The effective 
length of the resistive element (1) 
varies as the wiper turns, adjusting 
resistance.

http://en.wikipedia.org/wiki/Rheostat
http://en.wikipedia.org/wiki/Potentiometer
http://en.wikipedia.org/wiki/Audio_amplifier
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:��(-&��.+.12� 1$�(-3$1- 3(.- ++8�#$%(-$#�3.� 2�(-3$&$12���<< R3

:��'$�-$73�! -#���(�$��3'$�%.413'�! -#���(2�3'$�3.+$1 -"$�! -#�<<
6*8.;"))*%'.67'-%2/)$%/-%(.):'-3

:���&.+#�3.+$1 -"$�! -#�(-#(" 3$2� "34 +�5 +4$�6(++�!$�6(3'(-����
/=%67'%#/D.#")%:")0'3

:���2(+5$1�! -#�(-#(" 3$2�����3.+$1 -"$��



!"#$%%&'$!"#$%&'("$)$!*"+#,#$('# IP

K'(.(6/-%Y/)/-%Y/$'%>M?
:��(-&��.+.12� 1$�(-3$1- 3(.- ++8�#$%(-$#�3.� 2�(-3$&$12���<< R3

:��%�3'$�1$2(23.1�' 2�.-$�,.1$�! -#�/ 23�3'$�3.+$1 -"$�! -#�(3�
.(%"%T0").6*%9"#$3

:��$ #�3'$�-4,!$1� 2�3'$���% (+41$�1 3$�/$1������'.412��
"((0D.#2%D"W.D0D%-"6'$%8/5'-%.(%9'.#2%$.((.8"6'$%9*%67'%-'(.(6/-3



!"#$%%&'$!"#$%&'("$)$!*"+#,#$('# IQ

K'(.(6/-%Y/)/-%Y/$'%>N?

(2 10 � 3) 106 � 5% � 23�1.15� �M�

F//[%=/-%2"8



!"#$%%&'$!"#$%&'("$)$!*"+#,#$('# IR

K'(.(6/-%Y/)/-%Y/$'%>P?

&����"�� ����� �
E?78DI+(L2.9C;



!"#$%%&'$!"#$%&'("$)$!*"+#,#$('# JS

1-';.(./#%K'(.(6/-%Y/$.#2
0�5-band axial resistors5-band identification is used for 
higher tolerance resistors (1%, 0.5%, 0.25%, 0.1%), to notate 
the extra digit. The first three bands represent the significant 
digits, the fourth is the multiplier, and the fifth is the tolerance. 

http://en.wikipedia.org/wiki/Tolerance_%28engineering%29
http://en.wikipedia.org/wiki/Tolerance_%28engineering%29
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!"#$%%&'$!"#$%&'("$)$!*"+#,#$('#

\/D'5/-[%4G%X0'%.#%F"9%b''[%/=%c"#3%4S<4J3%
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U/-G

'"!"$&"',/
#$ !"$&0"�
#& !"&00"�

Y");0)"6'%#1 (/%67"6%
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