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1. Consider the circuit below. At time t=0, the switch moves from position A to position B.
The circuit is in steady state up to the time the switch moves.

(a) Vop is the voltage at the output of the opamp with respect to ground. Derive an expression
for Vop in terms of the DC voltage source Vi and the DC current source |;.
(4.5 Marks)

(b) If V1=4V and 1:=5mA, what is Vq, at time t=0" (immediately before the switch opens)?
(0.5 Marks)

(c) By deriving the differential equation, and applying the differential operator s, find the
voltage across the inductor, Vy, at time t=25ms.

(15 Marks)
M AWV or
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a) Due to the Op-Amp being in steady state, the voltages at the inverting and non-inverting input
have to be the same. Denoting them V_ and V., we can state:

V.=V,

For solving for the voltages at the inputs of the Op-Amp we have to solve the conditions of two
branches, the one containing the current source and the one containing the voltage source. Since the
branch containing the voltage source includes two unknown voltages, it is not directly solvable. But
s0 is the branch containing the current source.

Since the Op-Amp is ideal and therefore has an infinite input impedance, all the current from the
current source has to pass through the 60042 resistor. This gives us the voltage V, at the non-
inverting input as:

V, =600Q -1,
And thus:
V.=V, =600Q-1,

With the voltage at the inverting input known, the branch containing the voltage source becomes
solvable with only the voltage 1, at the output of the Op-Amp to be determined.
With . = 600Q - I;, the current from the voltage source is given by:
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I Vl - V_
s 4kQ

Since the Op-Amp is assumed to be ideal with infinite input impedance, all the current I has to
pass through the 2k(Q resistor, causing the voltage drop 2k( - I,. So, the voltage at the output of the
Op-Amp is given by:

V. —2kQ- I

— 60001 — 2k A=V
- 1 4kQ
2k

2kQ
:6009'11—m'vl +m600911
:9009'11_0.5'V1

b) for the given values V; = 4V and I; = 5mA, this results in:

Vop =900Q - 0.005A — 0.5 - 4V
= 2.5V

¢) The initial conditions can be derived from the state of the right part of the circuit fort < 0
assuming steady state. In steady state under the influence of a DC source, we can assume that the
change rates of currents and voltages are equal to zero. Thus, there is no voltage drop over the
inductor. Since the voltage drop over the inductor is equal to the voltage drop across the 4700
resistor, we can assume that the current through the 4704 resistor is zero, and all current through
the 2004 resistor will pass through the inductor. Hence, the initial current through the inductor i;,
can be stated as:

= m = 12.5mA

i,(0)

In the next step, we need to state the DE, describing the behaviour of the circuit for t > 0. | chose
KCL at the top node of the inductor. There:

V-V Ve o d
zooIs}_‘L 47(1)19’ x_V dt
s . X x
2000 T 2700 T 2000
Vo= 2000 i, 4 200¢ 2008 1,
s = LT 3700 * T 2000

V, = 200Q - i, + 1.4255 -V,

di,

Vi = 200Q i, + 14255 L - —

Now, apply the differential operator s:

V. = 2000 + 1.4255 - L - s
V. = 200Q + 7.1275H - s

Page 3 0of 5



ELEC2004: Circuits, Signals and Systems —Mid-semester Examination,
Semester 2, TEST EXAM

To determine the complete response we’ll have to determine both, the natural and the forced
response. The natural response will be with no source. So,

0=200Q+7.1275H s
200Q

S = T71275H

With s being determined, we know that the natural response is going to be:

__2000
i, =K -e 71275H" = K, - ¢~28061

The amplitude K, can not yet be determined, since the initial conditions give the initial current
through the inductor as the sum of natural and forced response. Next step is calculating the forced
response.

The source signal is V, = 2.5V - et We can assume that the response of the circuit will have the
same shape and will be if = A - e=*%"*. Using this for the DE:

2.5V e 0t = 2000 - A-e 0t + 7.1275H - (—40) - A - e~*0t
25=200-A—-285-4
25=-85-4
A =-0.0294
Thus, the forced response is:
i = —0.0294 - e~40t
The complete response is:
i =in +if
ip =K, e 2806t —0,0294 %0t
Now we can use the initial condition i; (0) = 12.5mA to find the missing parameter K;.
i (t) =K, -e 2806t _ (0294 .40t
i,(0) = K, - 728960 — 90,0294 - =400
i,(0) =K;-1-0.0294-1
0.0125 = K; — 0.0294

K, = 0.0419

So, the complete response of the current through the inductor, for this particular source and this
particular initial condition is:

i, (t) = 0.0419 - 72806t _ (00294 . =40t
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What is the voltage V. (t)?
_ o dig(®)
@=L —g

= 5H - (0.0419 - (—28.06) - e~2806t — 0.0294 - (—40) - e~40t)
= —5.87875 - ¢2806t 4 588 .40t

What is the voltage V, at t = 25ms?

V,(0.0255) = —5.87875 - ¢ 28.06:0.0255 4 5.gg . o=400.0255
= —0.7518V
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