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Fig. 10.28 A multistage amplifier circuit {Example 10.4).

transistor (,, provides the essential function of shifting the dc level of the signal. Thus
while the signal at the collector of Qs is not allowed to swing below the voltage at the
base of Q5 (410 V), the signal at the collector of Q, can swing negative (and positive,
of course). From our study of op amps in Chapter 3 we know that the output terminal
of the op amp should be capable of positive and negative voltage swings. Therefore
every op-amp circuit includes a level-shifting stage. Although the use of the comple-
mentary pnp transistor provides a simple solution to the level-shifting problem, other
forms of level shifters exist, one of which will be discussed in Chapter 13,

Finally, we note that the output stage consists of emitter follower Q and that ide-
ally the dc level at the output is zero volts (as was calculated in Example 10.3).

Example 10.4
Use the dc bias quantities evaluated in Example 10.3 and analyze the circuit in Fig.
10.28 to determine the input resistance, the voltage gain, and the output resistance.
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