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the waveform is determined by the charging and discharging cycle of the capacitor It should be apparent that the introduction of a variable resistor R1 gives rise to a circuit that can generate a variable-frequency square wave, since the frequency is directly determined by the time constant   = R1 C It can be shown that the period of the square-wave waveform resulting from the astable multivibrator is given by T = 2R1 C loge 2R2 +1 R3 (1547)
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		The Op-Amp Monostable Multivibrator (One-Shot) An extension of the astable multivibrator is the one-shot, or monostable multivibrator One-shots are available in integrated circuit form but can also be constructed from more general-purpose op-amps In this section, we  rst look at the op-amp one-shot, taking special note of the analogy with the astable multivibrator Figure 1557 depicts an op-amp monostable multivibrator Its operation is summarized in the associated timing diagram, showing that if a negative voltage pulse is applied at the input, vin , the output of the op-amp will switch from a stable state, +Vsat , to the unstable state,  Vsat , for a period of time T , which is determined by a charging time constant, after which the output will resume its stable value, +Vsat  In the analysis of the one-shot circuit, it will be assumed that the diode is an offset diode, with offset voltage Voff , and that vout = +Vsat for t < t0  For t < t0 , before the negative input pulse is applied, the input terminal voltages are given by R2 v = Vsat R2 + R 3
(1548)
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.
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		Provided that v + > v   , the op-amp will remain in its positive saturated state, then, until some external condition causes   = v +   v   to become negative This condition is brought about at t = t0 by the  trigger  pulse vin , which brie y lowers the noninverting-terminal voltage by  V volts If  V is suf ciently large, the following condition will be satis ed: R2 v + = Vsat    V < V  R2 + R 3 (1550)
and the op-amp will switch to the negative saturation state, as indicated in Figure 1557 The noninverting-terminal voltage may be expressed as a function of time for t > t0 , considering that vout has switched to  Vsat at t = t0 and the diode now acts as an open circuit, since v   is negative With the diode out of the picture, then, the R1 C circuit will discharge, causing v   to drop from its initial voltage (V  ) toward  Vsat  The circuit of Figure 1558 depicts the equivalent switching circuit, illustrating that the capacitor discharges from the initial value of vC (t0 ) = V  toward the  nal value,  Vsat  Recalling the analysis of transients in  5, we know that the capacitor voltage is given by the expression vC (t) = [vC (t0 ) + Vsat ]e (t t0 )/R1 C   Vsat (1551)
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