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1. Derive an expression for V, as a function of V; and V..
EXPLANATION

Vo

In order to solve for the output voltage V, we assume that : I
the conditions imposed on this circuit are ideal settings for this N f
operational amplifier. These conditions are as follows: the current 21k
entering and exiting the operational amplifier is zero and the [
voltage at the inverting terminal of the operational amplifier is
equivalent to the voltage at the noninverting terminal of the
operational amplifier.

The first step of solving this problem is to redraw the Vi o—
diagram. We redraw the diagram, substitute the values of the v, o_l_dw_rh 1
resistors with variables in our equations and label all other variables R: ;_Ll_dwq_
and nodes. Refer to Figure 1. '33 Re

— V,

Now that we have done this, we establish all of the facts
pertaining to the circuit. After assuming ideal operational amplifier
conditions, we know the following:

> i,=i0
> V.=V,
> V.=V

Figure 1

The third step is to find all of the currents within the circuit. We know i, and i_are zero. We used
Ohm’s Law (V=IR) to calculate all of the other currents in the circuit. All other currents found through
4

the use of the formula (1 =) are listed below.

The next step is to perform nodal analysis so that we can develop equations that can be solved for
the output voltage V,. By applying Kirchoff’s Current Law to each node, we find the equations below.

KCL @ node A: - 1;-i +1,=0

KCL @ node B: - I,— I+ 15=0

At node A, we find that 1, is equivalent to I, due to the fact that i equals zero. At node B, we find

that I, is equivalent to the difference between I, and 13. Now we can substitute so that the node equations
above are in terms of voltages.
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We get the following:
~V,-V) -V Vo

R, R, R,
~(Vo+V) _(,-V) V.
R, R, R,
V.R
-V, =V,-V-—-L2-V
0 2 1 Rl 1
V.R
V=2V, +-L2-,
1
V, =2V, +2V,-V,
Vy=4V,-V,
We find that the output voltage simplifies to: Vo=4V -V, :
MULTISIM
VCC .
As you can see from Figure 2, when
V;and V, are 1V, R; and R, are 2kQ
X/m_’f and Rj is 1kQ, the output voltage is
i 3V. This is consistent with our
formula to calculate the output
voltage:

il Vo=4(1)-1(1) =3V

-15V

14 o
« —WA——
Multimeter-XMM1 e 2kQ
v ]
R3
1kQ
+ Set - L
Figure 2
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Ao
2. () Using superposition, find the value of R_ that f

maximizes the power dissipated in R_. Compute the 2

) . vV =
portion of this power due to the voltage source only, and T

the portion due to the current source.
EXPLANATION
We will use superposition to find the value of the R

Step 1) Find the Thevenin Resistance
Remove the Load

Open the Current, Short the Voltage
Redraw

Reduce the circuit to find Rty

First we remove the load in order to establish an equivalent
circuit to the left of the load. After we remove the load, we short
the voltage, open the current, redraw the circuit and reduce it to
find Rry. We reduced the circuit and found that the Thevenin

Resistance is > 0. We used the formula: RTH = &R | p3 =
2 (R1+R2)

%Q. The reason we know that R_ ( the load resistance) must be

equivalent to Ry is due to the maximum power transfer theorem.
Refer to Figure 3.

Step 2) Find the Power Contribution of the Voltage Source Only
e Rebuild equivalent circuit
e Connect R, and Ry in series

Now that we have a reduced circuit, we can find the power
dissipated though the load resistor. We already know that the
formula for power is as follows: P = 2 R By performing

KVL on the loop, we can find that I = %based on Ohm’s Law.
Now we can substitute to find the power dissipated in the load

resistor to get power; P = %* % = § Refer to Figure 4.

Step 3) Find the Power Contribution of the Current Source Only

e Rebuild equivalent circuit

e Connect R, and Ry in parallel

Now that we have a reduced circuit, we can find the power
dissipated though the load resistor. We already know that the
formula for power is as follows: P = 12 Ry, By performing KVL
on the loop, we can find that I = % based on the theory of current
division. Now we can substitute to find the power dissipated in

the load resistor to get P = %* % = %7 Refer to Figure 5.
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1Q2 1Q
10 3A Ry,
l -
AN AN .
10 1Q
§1Q <Ry
AN . :
10
<= R
§0.5Q
<Ry
§1.5Q
Figure 3 )
I RTH
— AN
1.5Q
RLoad
Ly 2
Figure 4
I I
1 RTH RLoad
G)g, A 1.50Q 1.50
Figure 5
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As you can see from Figure 6, the maximum
power transferred across the load occurs when
resistance
Thevenin Resistance. We used the parameter
sweep to vary the load resistance in the circuit
to find the optimal transfer of power. This
result is consistent with the maximum power
transfer theorem.

is equivalent to the

0.0000

40000 6.0000 7.0000
resistance
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Figure 8
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As you can see from Figure 7, our
simulation matches the results that we
obtained by using superposition. We

. 2
obtain a current of A when we analyze

the voltage source’s contribution to the
power dissipated in R,. Since the
resistors are connected in series, current
throughout the circuit is the same | =

A,
3

As you can see from Figure 8, our
simulation matches the results that we
obtained by using superposition. We
obtain a current of 1.5A when we analyze
the current source’s contribution to the
power dissipated in R_. Since the
resistors are connected in parallel, there is
current division and due to the fact that
both of the resistors have the same value,
the current will split evenly between the
two resistors making the current across

RL%A.
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2(b). Remove the current source by treating it as an open circuit. Find the value of RL that maximizes the
power dissipated in RL. Explain why this value is the same, or different, than the answer to (a). Justify
your conclusion whether it should be the same or different.

EXPLANATION

First we must redraw the circuit as you see that we did in 12 12
Figure 9. This way it is easier to visualize the circuit at hand. We f bign
will follow all of the procedures detailed above in order to find = :
. . . 3 2V = 10 R,
Ry, which will again be Eﬂ' I ?
After doing this, we have the exact circuit from Figure 4.
We solve for | again in order to use this value in the formula for 2 Figure 9
power P=I,R_. We use KVL to solve for I, which we find tane—
. Now we use substitution to find the power dissipated in R|. We use the following equation to find
power: P=IZRL=(§)(%)=§W

We know that this value should be consistent with the value obtained by analyzing the power
contribution by the voltage source. We say this due to the fact that what was asked of us in part b is the
part of the theory of superposition which was performed in part a to obtain the power contribution due to
the voltage source. The theory of superposition states that to find the contribution of a voltage source, we
must find the Thevenin resistance, short any other voltage sources and open current sources, then analyze
the contribution of that particular source. This is exactly what we did in part b and also in part a, thus the
results should be consistent.

MULTISIM
UG AS you can see from Figure 10, our
SRR R ] SR RER DRSS RS SRS DRSS DRI simulation matches the results that we
SN S S obtained by using superposition. We
STt obtain a current of 2A when we analyze
R EREEY Bl FEERP PR oL LD o the voltage source’s contribution to the

W 666.667 mA power dissipated in R.. Since the
e :\:',1':_1-_5_‘1:::::::::::: R resistors are connected in series, current
C=avo g ) e O] (8] (=) throughout the circuit is the same | =
Tl o o= i

SESREEEEEREEREEREEN EERREREE | 15 set. .
____________________ T )

Figure 10
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3. Find the energy stored in the 2F capacitor and 3H inductor.
(Hint: find all voltages and currents first.) R

32
3

EXPLANATION v (®) %‘“ 360

= 2F

A
I\

(

) 6a

First we state that in order to analyze this circuit, we
will assume steady state conditions when t goes to infinity, the
inductors are short circuited and the capacitor is open.

Next, we will redraw the circuit so that we can more
easily understand the circuit that we will be dealing with. With the inductors now shorted and the
capacitor open the circuit looks as shown in Figure 11.

I 30t Al

I_:igure 11

At t=r<° the capacitor becomes an open circuit and the voltage across it is equivalent to the
voltage source. We obtain the following KCL equations at node A:
KCL @ A:
-1,+1,+1,=0
ILi=1I,-1,

We can use these equations in conjunction with other equations that we can derive from the
circuit.

Now we will analyze the loop highlighted in red to find more useful information.

KVL @ red loop:
-12V+1,(3)+1,(6)=0

12V +1,(3)+,-1,)6)=0
31, + (I, +6)(6)=12V

9, +36=12
-24
=

From Figure 11, we notice that I, has the same magnitude as the current source but opposite
direction. Due to the fact that we know 11 and I.», we can find Is.

L=I,-1,

L2,
9 9
10

I, =—

3
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Now that we know the currents of the circuit, we can use the equations for energy stored formulas. The
energy stored in capacitors follows the equation below:

1
Wcl = EC(V)Z

The energy stored in inductors follows the equation below:

1
W,= ELz(Ifz)z

We use these equations and plug in the values according to the circuit in order to find the energy stored in
the 3H inductor and the capacitor.
We get the following:

W, = %(21?)(12)2
W, =144J

W, = %(3&)(45)2

W,, =547
MULTISIM
oo SRR T
DY L IS [~ 7 SN (o IS I 3H EEE ERREEERREEE
i §5R€1 Multimeter-XMM3

""""""""""""""" g o~
AR R S I A v Q dB
Lo B s —
) * Set.. -
Multimeter-XMM2 Multimeter-XMM1 e e
<
T T e— |
@De qr ¥
A v Q dB — A v Q dB
nber 4, 2( -
Y — s —_

Set...

Set... =

Figure 12
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As you can see from
Figure 12, our simulation
matches  the  result.
Figure 12 shows that the
current through the L1 is

-8
— aswe expected. Also,

we find that I, is -6A
and V. is 12V as we
expected them to be.

FALL 2012




