Since the source voltage is 10 ¥ rrns, the first thing to do is calculaté the peak value ot the ac source. You know
from earlier courses that the rms value of a'sine wave equals:

Vi = 0.707V,

Therefore, the peak source veltage in Fi g. 4-31s:

T 0707 T 0707

With an ideal diode, the peak load voltage is:

Vp{out) = Vp(m) = 141 \'A

The dc Joad voltage is:
' -V 141V
Wy = o =TT =440V

With the second approximation, we get a peak load voltage of:

Vp(oul) = p(m) 07V =
and a dc load voltage of: .
Vo 134V

Vae=—1= =427V

o ar

141V -07V=134V

Figure 4-3 shows you the values that an oscilloscope and a multimeter will read. Channel 1 of the oscilloscope is
set at 5 V per major division (5 V/Div). The half-wave signal has a peak value between 13 and 14 V, which agrees with the
result from our second approximation. The multimeter also g1ves good agreement with theoretical values, because it reads

approxunately 422V

PRACTICE PROBLEM 4~1 Using Fig. 4-3, change the ac source voltage to 15 V. Caleulate the second approximation

dc load voliage V.

Diode Circuits

4-2 The Transformer

- Power companies in the United States supply a nominal line voltage of 120V rms
" and a frequency of 60 Hz. The actual voltage coming out of a power outlet may . -

vary from 105 to 125 V s, depending on the time of day, the locality, and other
factors. Line voltage is too high for most of the circuits used in electronics equip-
ment. This is why a transformer is commonly used in the power-supply section of
almost all elecironics equipment. The transformer steps the line voltage down to
safer and lower levels that are more suitable for use with diodes, transistors, and
other semiconductor devices.

Basic ldea

Earlier courses discussed the transformer in detail. All we need in this chapter is a
brief review. Figure 4-4 shows a transformer. Here you se¢ line voltage applied to
the primary winding of a transformer. Usually, the power plug has a third prong to -
ground the equipment. Because of the turns ratio Ny/N,, the secondary voltage is
stepped down when N is greater than ..

Phasing Dots

Recall the meaning of the phasing dots shown at the upper ends of the windings.
Deotted ends have the same instantaneous phase. In other words, when a positive
half cycle appears across the primary, a positive half cycle appears across the
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Figure 4~4  Half-wave rectifier with transformer.
NN,

i
120 v —
60 Hz

secondary. If the secondary dot were on the ground end, the secondary veltage
would be 180° out of phase with the primary voltage.

On the positive half cycle of primary voltage, the secondary winding has
a positive half sine wave across it and the diode is forward biased. On the nega-

" tive half cycle of primary voltage, the secondary winding has a negative half cycle

and the dicde is reverse-biased. Assuming an ideal diode, we will get a half-wave
load voltage. :

| Turns Ratio

Recall from your eartier course work the following derivation:
Ty ‘

= 4-
NN, -5

“This says that the secondary voltage equals the primary voltage divided hy the .

turns ratio, Sometsmes you will see this equwalent form:
Vg = V1

This says that the secondary voltage equals the inverse turss ratio times the pri-
mary voltage.

You can use either formuld for rms, peak values, and instantaneous volt-
ages, Most of the time, we will use Eq. (4-3) with rms values because ac source
valtages are almost ajways specified as rms values,

The terms step up and step down are also encountered when dealing with
transformers. These terms always relate the secondary voltage to the primary volt-
age. This means that a step-up transformer will produce a secondary voltage that
is larger than the primary, and a step-down transformer will produce a secondary

~ voltage that is smaller than the primary.

Example 4-2

‘What are the peak load voltage and dc load voltage in Fig, 4-57

Figure 4-5

120v
60 Hz

]|

Chaprer 4



Diode Circuits

SOLUTION  The transformer has a turns Tatio of 5: 1. This means that the rms
secondary voltage is one-fifth of the primary voltage:
120V

5

=24V

h ==

and the peak secondary voliage is:

24V
Vo= G707 =V

“With an ideal diode, the peak load voltage is:
Vp((,u[) =34V
The dc lead voltage is:

V, 34V

Vdcﬁ‘;="'%_“'“= Hik: Y

With the second approximation, the peak load voltage is:
Vp(oul) =34V -07V=333V

and the dc lead voltage is:

PRACTICE PROBLEM 4~2 Using Fig. 4-5, change the transformer’s turns
ratio to 2:1 and solve for the ideal de foad voltage.

4-3 The Full-Wave Rectifier

Figure 4-6a shows a full-wave rectifier circuit. Notice the grounded center tap.
on the secondary winding. The fuil-wave rectifier is qul}ﬂvaleni to two half-wave
recti_n, 5. Because of the center tap, each ‘ecti

equal to half the secondary voltage. Dmde D1 condﬁcts on the. Mgo:v,mve ha]f cycie

and dicde , D, conducts on the negam'e ve half cycle. Asa resu]t the rectiﬁed foad

back-to-back haif- wave recnﬁer&
’ Figure 4-6b shows the equivalent Circuit fcr the positive half cycle. As
you see, D is forward biased. This produces a positive load voltage as indicated

by the'plus-mi+ -slarity across the load resistoraFigure 4-6¢ shows the equiva-
lent circtre orvhe  ative half cycle. This time, Dy s forward biased. As you can
see, this . - prodi . a positive Jg load voliage,

1 n half cycles, the load voltage has the same polarity and the
load current s 11 the same direction. The circuit is called a full-wave rectifier,be-
cause it has changed the ac input voltage to the pulsating dc output voltage shbwn
in Fig. 4-6d4. This waveform has some mteresnng properties, that we wdl now
discuss,
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