Operational amplifier

1.
The resistors R1 and R2 in Figure 1 have values of 10 k and 150 k respectively. Calculate the out​put voltage when the input is (a) 0.2 V, (b) 1.0 V.

2.
If the open loop gain of an op amp is io5 and the supply voltage is 15 V calculate the output voltages for the following inputs:


(a)
V1= 10 V

V2 =120 V


(b)
V1= 10 mV
 
V2 = 8 mV


(c)
V1= 2V
 
V2 = 1.5 V


(d)
V1 = 10.2 mV

V2 =10.3 mV

3. The non-inverting input of an op amp is connected to the junction of two resistors, one of 5 ) and the other of 15 k. The other ends of the resistors are connected to the +15 V supply and 0 V respectively. A sinusoidal ac signal with a peak value 12 V is now applied to the inverting input.

(a)
sketch the circuit

(b)
what is the voltage at the join of the two resistors

(c)
sketch the output voltage

4.
Calculate the gain of the op amp circuit shown in Figure 2.

A second input is added as shown in Figure 3, and the waveforms applied to the two inputs are shown in the graphs in Figure 4. Sketch the var​iation of the output voltage.







5.
Large potted plants are kept as a decoration in many modern offices, but they need to be kept moist even when the offices are closed. It is proposed to achieve this by means of an electronic system that will monitor the state of the soil around the roots every twenty minutes and allow a small amount of water to be added if the soil is too dry.

A warning light is to be illuminated if the soil is too dry and a buzzer should sound if no water flows when the supply is turned on, indicating that the reservoir tank is empty.


The circuit in Figure 5 has been suggested for the detector unit which monitors the amount of   moisture in the soil. The moisture level will determine the resistance between the probes. The power supply connections to the op amp are not shown.

(a) With the variable resistor R set at its midpoint position, D is lit when the probes are pushed into dry soil and not lit when pushed into wet soil. In dry soil the probe to probe resistance is at least 50 k) and when in wet soil it is no greater than 1 k). Briefly explain how the circuit operates.

(b) Calculate for wet soil conditions and with R set at its midpoint position:

(i) the voltage at pin 2 of the op amp;

(ii) the voltage at the junction of the 470 and 680  resistors;

(iii) the voltage at pin 6 of the op amp.

(c)
 What is the purpose of making R variable?

(d) Design a circuit to make the buzzer sound when the tank is empty.

6. Explain what is meant by voltage gain and negative feedback in relation to electronic circuits.


Figure 6 shows a circuit containing an ideal oper​ational amplifier where the point P is usually referred to as a virtual earth Explain what you understand b, virtual earth in this context and hence derive an expression for V2 in terms of V1 and the values of the circuit components.

The current, I, through a certain device varies with applied potential difference, V according to the rela​tion

I= IoekV
where Io and k are constants. If R2 is replaced by this device, write down an expression for the feedback current in terms of V2. Hence show that V2 is given by the expression

V2 = 1/kln(V1/R1Io)

What is the possible advantage of this type of amplifier over a linear amplifier when a wide range of input signal amplitudes must be displayed? 

7. Figure 7(a) shows the circuit of a ramp generator.

The required output of the circuit is shown by the graph in Figure 7(b).

(a) Calculate the ramp rate.

(b) Calculate the value of C if V = -10V and R= 1 M.

(c) Using the same scales, draw a graph of the control voltage Vc required to produce this ramp voltage.

8. An alternating p.d. of r.m.s. value 1 V and frequency 50 Hz is connected across a resistor of resistance 1 k and a capacitor of capacitance 10 F in turn.

For each case, calculate the r.m.s. current delivered by the supply and draw sketch graphs, with appropriate scales, of the p.d. across the component and the current in the circuit, as functions of time.


The circuit in Figure 8 shows an operational amplifier with feedback to give an overall voltage gain of 10. Calculate the value of the resistor R.

A 0.5 V r.m.s. 50 Hz sinusoidal alternating p.d. is applied to the input of the amplifier. Sketch graphs, with appropriate p.d. scales and the same time axes, of the input and output waveforms.

The input p.d. is increased in amplitude to 5 V r.m.s.; describe and sketch the resulting output waveform.


Describe, including sketch graphs, the waveform at PQ in the circuit shown in Figure 9 when (i) a sine wave, and (ii) a square wave, both of frequency 50 Hz, is applied to the input terminals AB of circuit (b).  
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