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(a) Symbol
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Neiithley nucro current souree

i Ideally. current 1s
constant for all voltages.
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(b) IV characteristic
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(d) Resistor network (simm) (¢) Resistor network (surtace mount) (1) Radial-lead tor PC board insertion
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Ist digit ) T T A Percent tolerance
2nd Multiplier
digit (Number of zeros

following 2nd digit)

o A A
[st digit } T ! Percent tolerance

Multiplier (Number of zeros
—— 3rd digit following 3rd digit)

2nd
digit
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Color Digit  Multiplier Tolerance
Black 0 10"
Brown ! 10 1% (five band)
Red 2 10° 2% (five band)
Orange 3 10’
Yellow 4 10
Green S 10°
Blue 6 10°
Violet 7 107
Gray X 10°
Whate 9 10°
Gold = 5% 10 5% (four band)
Silver = 0% 10+ 107% (four band)




I

EfBIERT A A

123 =120000 =12k
] 1

I st digit Multiplier (Number of zeros)



2 2R 2 {) 2M2  =22M0 720K =220k
Letter Multiplier (Letter Tolerance
R X 1 F 1%
K x 10° G 2%
M x 100 J 5%
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2 v,

(a) Potentiometer (b) Rheostat (c) Potentiometer connected
as a rheostat
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(a) Circuit in which the current is to be measured (b) Open the circuit either between the resistor and the positive
termmnal or between the resistor and the negative terminal of

SOUICC,

(¢) Install the ammeter in the current path with polarity as shown (negatve to

negative, positive to positive),
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(a) Disconnect the resistor from the (b) Measure the resistance.
circuit to avoid damage to the meter (Polarity 1s not important.)

and/or incorrect measurement.
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o Open
Off On Closed on é On ‘ 11 '
. SWiHCH
Switch switch .
Dt O s
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L4 \ A':'\‘l . ——— ———
- ) V= = V= S
~ / :
(a) There is current in a closed circuit because there is a complete (b) There is no current in an open circuit because the path is broken
current path (switch 1s ON or in the closed position). Current 1s (switch 1s OFF or in the open position).
always indicated by a red arrow in this text,
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(b) Schematic
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(a) Pictorial
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(b) Schematic

(b} Schematic
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(a) Flashlight with series batteries

(b) Schematic of flashlight circuit
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(a) No load
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(a) During a positive alternation of the voltage, current is in the direction

1-BZ R B

shown,
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or
current (+1)

0

— Voltage (-V)
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current (1)
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» Time (1)
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(b) During a negative alternation of the voltage, current reverses direction,
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(a) Lower frequency: fewer cycles per second (b) Higher frequency: more cycles per second
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f=1/T
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Simusoidal voltage
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: » of radiated
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dc¢ source with Vpe = Vnn-
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(a) Construction (b) Symbol
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Polarized Capacitor Variable Capacitor

Fixed Capacitor
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Capacitors

CREEIC SapeCRr —lectrolybc Capacitor

2E = Max. Vollage

104 - 104 » Capacilance
J/ ‘ K ——— Tclarance

10x10 1
=100 000 pF | I 3
=0,1uF
- S
Symbol Symbol
(Non-Polarized) (Polarized)
Capacltmce Conversion Values
Microfarads (pF) Nanofarads (nF) Picofarads (pF)
0.000001 pF »| 0.001 nF > 1 pF
0.00001 pF <+ 0.01nF » 10 pF
0.0001 pF *| 0.1 nF 100 pF
0.001 pF | 1 nF > 1.000 pF
0.01 uF <=l 10 nf - 10,000 pF
0.1 uF «»| 100 nF 100,000 pF
1uF <= 1,000 nF <»( 1,000,000 pF
10 uF +| 10,000 nF » 10,000,000 pF
100 pF <+ 100,000 nF ~{ 100,000,000 pF

7

Max. Operating Voltage
Code Max. Voltage
1H 50V
2A 100V
2T 150V
2D 200V
2E 250V
2G 400V
2J 630V
Tolerance
Code Percentage
£ + 0.1 pF
c +0.25 pF
D +0.5 pF
F +1%
G +2%
H +3%
J +5%
K +10%
M +20%
z +800A| '20%
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Current jumps 10 maximum at instant

swWitch 1s closed: then it decreases.

\'\‘ll;:j_‘t‘ IS
ZCrO at instant
switch s

pe m— - - closed: then
/ 1 11 INCreases.
4 ;
‘ —— S ——
\ — ( —_—
‘ Charging current T
‘. - "
L 2

(a) Charging: Capacitor voltage increases as the current
and resistor voltage decrease.

t
Ve(t) =Vs\1—e RC



(b) Fully charged: Capacitor voltage cquals source voltage.
The current 1s zero,
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Current jumps to maximum at instant

SWiItch s closed: then it decreases.

<— Voltage decreases
\‘\ \'led\'"l‘r

Ji\\‘lhlf:_'\‘\

vl 4
&Ll ::
Discharomne current
- = ‘ /
L 2

(¢) Discharging: Capacitor voltage, resistor voltage, and the current decrease

from their imitial maximum values. Note that the discharge current is
opposite 1o the charge current,

t
Ve(t) = Vse RC
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(a) Charging curve with percentages of the final voltage (b) Discharging curve with percentages of the initial voltage

T = RC
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dc plus
ac
0oV

dc only
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dc only is required
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Point in circuit where R2 %



Frequency
counter

(a) f=0.1 kHz, X¢= 1.59 k€, V,, =998 V
Frequency , '
counter R V.. L3 T
HHEY Wy ?
100 O
e C
10V 2 [% l,}lF -
Xo=159 1}

(c) f= 10 kHz,

X =159V

_?T_C

=157V
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Frequency
counler

(b) f=1kHz, Xpo= 159 Q, )
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e & RS T SN
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(@) f=10Hz X =

Frequency
counter
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Frequency
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(b) f= 100 Hz, X = 1.59 k{2,
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100 €2
10V
V, =063V
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+V
Invertung
o—-
inpul
Output
Noninverting
¢ o1+
inpul
-V
(a) Symbol (b) Symbol with dc supply connections

*.

|
DIP DIP SOIC PLCC

(¢) Typical packages. Looking from the top, pin | always is to the left of the
notch or dot on the DIP and SOIC packages. The dot indicates pin | on the
plastic-leaded chip carrier (PLCC) package.
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R, ?LR[
L
Yin~Vf = (R +Rf)v “ -




/
\ [ \ \ .
./ R
AN ; MWV
R R,
R, - l»'.‘
X ‘ 0V
O—‘VVV L J - | HAA! & =
+ -—
{ ® O Rl / = U L
- -
(a) Virtual ground (b) /;,=I,and current at the inverting input, /, =0

Vi Vout
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74 sy v
+ = Rt Ra 2 —
R
V1 R \ VOUT—V—_—R—T(Vl—V_)
\/out R: + R R.
V2 + = Vour = — V. — 22V,
RA3 R, Ry
. (R + R fﬁ - fﬁ
4 Replace V_ : Vopr = (R;; +R4) R, Vs R, Vi

R
set:R; = Rq,R, = R, — R—"*(v2 — V)
1
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