
CENG4480 2021F Homework 1

Due: Oct. 24, 2021

Solutions
All solutions should be submitted to the blackboard in the format of PDF/MS Word.

Q1 (10%)The following circuit Figure 1 is a difference amplifier circuit. U1 = 40V ,U2 = 25V ,
R1 = 6Ω, R2 = 4Ω, R3 = 15Ω, R4 = 20Ω. Please calculate the output voltage of Uo.
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Figure 1: Q1 Circuit

A1 By voltage division,

Uin+ = U2 ×
R2

R1 +R2

= 25V × 4Ω

6Ω + 4Ω
= 10V

By the virtual short circuit between the input terminals, Uin− = Uin+ = 10V , the current
through the 15Ω is

I3 =
U1 − Uin−

R3

=
40V − 10V

15Ω
= 2A

The input impedance is infinite; therefore, Iin− = 0 and I3 = I4 = 2A. Based on
Kirchoff’s voltage law to find the output voltage

Uo = Uin− −R4 × I4 = 10V − 20Ω × 2A = −30V

Q2 (20%) Given an ideal op-amp circuit below where R1 = 1kΩ, R2 = 2kΩ, R3 = 3kΩ, if I
want to obtain a gain of 5, what’s the value of the resistor R4 as shown in the circuit?
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Figure 2: Q2 Circuit

A2 By voltage division,

Uin+ = Ui ×
R2

R1 +R2

= Ui ×
2kΩ

3kΩ
=

2

3
Ui (1)

By the virtual short circuit,

Uin− = Uin+ =
2

3
Ui (2)

I3 =
Uin−

3kΩ
=

2
3
Ui

3kΩ
(3)

And

Uo − Uin−

R4

=
2
3
Ui

3kΩ
(4)

Uo = 5Ui (5)

Therefore
R4 = 19.5kΩ

Q3 (20%) Given the following amplifier circuit as shown in Figure 3. R1 = 1MΩ,R2 = 500kΩ
and R3 = 100Ω. Also, I want to acquire a voltage gain Uo/Ui = −120, how to choose
the value of R4?
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Figure 3: Q3 Circuit
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A3 Uin+ is grounded, so Uin− is also a virtual ground. So
Uin− = 0

Since Uin− = 0, Ui = I1R1 and I1 = Ui/R1. Since Uin+ = 0, Ux = −I2R2 and
I2 = −Ux/R2. Similarly

Ux = −I3R3 (6)
Ux − Uo = I4R4 (7)

From Kirchhoff’s current law,
I4 = I2 + I3 (8)

Ux − Uo

R4

=
−Ux

R2

+
−Ux

R3

(9)

Uo = −120Ui (10)
Also,

I1 = I2 (11)
So,

Ui

R1

=
−Ux

R2

(12)

Ux = −R2

R1

Ui (13)

−R2

R1
Ui − (−120Ui)

R4

=
R2

R1
Ui

R2

+
R2

R1
Ui

R3

(14)

Therefore

R4 =
120R1

R2
− 1

R2+R3

R2R3

= 2.39 × 104Ω (15)

Q4 (20%) The diagram of amplifier circuit is shown in fig. 4. Given R1 = 4kΩ, R2 = 6kΩ
and R3 = 12kΩ, answer the following questions.

1. Find the output voltage Uo if Ua = 4V and Ub = −12V.
2. When Ub = −12V , determine the range of Ua for linear operation if the saturation

voltage of op-amp is ±12V .

A4 1. Obviously this is a summing amplifier.

Uo = −(
R3

R1

Ua +
R3

R2

Ub) (16)

= −(
12

4
× 4 +

12

6
× (−12)) (17)

= 12V (18)

2. For linear operation,

±12 = −(
12

4
Ua +

12

6
× (−12)) (19)

= −3Ua + 24 (20)
Therefore, 4V < Ua < 12V .
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<latexit sha1_base64="2l6xBjjdjDFwu/EYZwN8YKQNzJw=">AAAB7HicbVC7SgNBFL0bXzG+ooKNzWAQrMKOhVqG2Fgm4iaBZAmzk9lkyOzsMjMrhCXfYGOhiK2df+EX2Nn4LU4ehSYeuHA4517uvSdIBNfGdb+c3Mrq2vpGfrOwtb2zu1fcP2joOFWUeTQWsWoFRDPBJfMMN4K1EsVIFAjWDIbXE795z5Tmsbwzo4T5EelLHnJKjJW8226Gx91iyS27U6BlguekVDmqf/P36ketW/zs9GKaRkwaKojWbewmxs+IMpwKNi50Us0SQoekz9qWShIx7WfTY8fo1Co9FMbKljRoqv6eyEik9SgKbGdEzEAvehPxP6+dmvDKz7hMUsMknS0KU4FMjCafox5XjBoxsoRQxe2tiA6IItTYfAo2BLz48jJpnJfxRRnXbRpVmCEPx3ACZ4DhEipwAzXwgAKHB3iCZ0c6j86L8zprzTnzmUP4A+ftB3a2kik=</latexit>

R1

<latexit sha1_base64="1Cyj1SOknZFj/jo54mjEOcqokss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GX1aa9csWtunOQVeLlpAI5Gr3yV7cfszTiCpmkxnQ8N8EgoxoFk3xa6qaGJ5SN6ZB3LFU04ibI5sdOyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vk+LgOsiESlLkii0WDVJJMCazz0lfaM5QTiyhTAt7K2EjqilDm0/JhuAtv7xKmrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fmZOOjQ==</latexit>

R2

<latexit sha1_base64="SVvE7hunjgybS1AukD63hp9Qals=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cq9gPaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZqPPSy80mvXHGr7gxkmXg5qUCOeq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduyEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+xmXSWpQsvmiMBXExGT6OelzhcyIsSWUKW5vJWxIFWXG5lOyIXiLLy+T5lnVu6x69xeV2k0eRxGO4BhOwYMrqMEd1KEBDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmxiOjg==</latexit>

R3

<latexit sha1_base64="bLFVahTSDrbpy2cdUAJG1Un1AhQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5fj+n03615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroJci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7p3VfceLmuN2yKOMpzAKZyDB9fQgHtogg8MODzDK7w50nlx3p2PRWvJKWaO4Q+czx/llo6/</latexit>

Ua

<latexit sha1_base64="u5X15rBIjwfazx03aN/HjmC9pZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ9/t5OO1Xa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvqu49XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/nG47A</latexit>

Ub

<latexit sha1_base64="oC63dJH8pEEz4pg4qIQCjo4Wol4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqGZVpygKqhNKdiBgmuGSB5VawTqoZSSLB2tH4bua3n5g2XMlHO0lZmJCh5DGnxDopCPq5mvarNa/uzYFXiV+QGhRo9qtfvYGiWcKkpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUkSZsJ8fuwUnzllgGOlXUmL5+rviZwkxkySyHUmxI7MsjcT//O6mY1vwpzLNLNM0sWiOBPYKjz7HA+4ZtSKiSOEau5uxXRENKHW5VNxIfjLL6+S1kXdv6r7D5e1xm0RRxlO4BTOwYdraMA9NCEAChye4RXekEQv6B19LFpLqJg5hj9Anz/63I7N</latexit>

Uo

Figure 4: Q4 Circuit Diagram

Q5 (20%) In the circuit of Figure 5, R3 = R4 = R5 = R6 = R7 = R = 2R1 = 2R2 = 100kΩ
and C = 1µF. Assume the op-amps are ideal. What is the relationship between Ui and
Uo?

A1
҄

҆ A2
҄

҆

<latexit sha1_base64="QY4jcCxfUSlub+kHf/msVPZOAlc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cqxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGiv5973cm/SqNbfuzkCWiVeQGhRo9qpf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FVkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jJ5PKt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwBmA6OjA==</latexit>

R1
<latexit sha1_base64="1Cyj1SOknZFj/jo54mjEOcqokss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GX1aa9csWtunOQVeLlpAI5Gr3yV7cfszTiCpmkxnQ8N8EgoxoFk3xa6qaGJ5SN6ZB3LFU04ibI5sdOyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vk+LgOsiESlLkii0WDVJJMCazz0lfaM5QTiyhTAt7K2EjqilDm0/JhuAtv7xKmrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fmZOOjQ==</latexit>

R2

<latexit sha1_base64="FFFK1uAy1w5W5Z6Tf7zdukEOXHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5fj/n03615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroJci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7p3VfceLmuN2yKOMpzAKZyDB9fQgHtogg8MODzDK7w50nlx3p2PRWvJKWaO4Q+czx/xvo7H</latexit>

Ui

<latexit sha1_base64="SVvE7hunjgybS1AukD63hp9Qals=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cq9gPaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZqPPSy80mvXHGr7gxkmXg5qUCOeq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduyEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+xmXSWpQsvmiMBXExGT6OelzhcyIsSWUKW5vJWxIFWXG5lOyIXiLLy+T5lnVu6x69xeV2k0eRxGO4BhOwYMrqMEd1KEBDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmxiOjg==</latexit>

R3

<latexit sha1_base64="/XA2AnyuLld/5OzTaL8DqTtaRS0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GX1aa9csWtunOQVeLlpAI5Gr3yV7cfszTiCpmkxnQ8N8EgoxoFk3xa6qaGJ5SN6ZB3LFU04ibI5sdOyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vk+LgOsiESlLkii0WDVJJMCazz0lfaM5QTiyhTAt7K2EjqilDm0/JhuAtv7xKmhdV77Lq3dcq9Zs8jiKcwCmcgwdXUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fnJ2Ojw==</latexit>

R4

<latexit sha1_base64="TreUkkGqRhPWrGRf4RLZXD4dP5k=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZqPPSyi0mvXHGr7gxkmXg5qUCOeq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduyEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+xmXSWpQsvmiMBXExGT6OelzhcyIsSWUKW5vJWxIFWXG5lOyIXiLLy+T5lnVu6x69+eV2k0eRxGO4BhOwYMrqMEd1KEBDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fniKOkA==</latexit>

R5

<latexit sha1_base64="+iVkKNG8SfwvzSro+uz9ZZz26PU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GX1aa9csWtunOQVeLlpAI5Gr3yV7cfszTiCpmkxnQ8N8EgoxoFk3xa6qaGJ5SN6ZB3LFU04ibI5sdOyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vk+LgOsiESlLkii0WDVJJMCazz0lfaM5QTiyhTAt7K2EjqilDm0/JhuAtv7xKmhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fn6eOkQ==</latexit>

R6

<latexit sha1_base64="IAj3fs090ug4EHLbvQSw8bKalQ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GX1aa9csWtunOQVeLlpAI5Gr3yV7cfszTiCpmkxnQ8N8EgoxoFk3xa6qaGJ5SN6ZB3LFU04ibI5sdOyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vk+LgOsiESlLkii0WDVJJMCazz0lfaM5QTiyhTAt7K2EjqilDm0/JhuAtv7xKmhdV76rq3V9W6jd5HEU4gVM4Bw9qUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8foSyOkg==</latexit>

R7

<latexit sha1_base64="po+MCAIFK4yLKvllX0FkOElWTss=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz24rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcm/ntJ1Sax/LBTBL0IzqUPOSMGis1av1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsrVuzyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBl92MzQ==</latexit>

C

<latexit sha1_base64="oC63dJH8pEEz4pg4qIQCjo4Wol4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqGZVpygKqhNKdiBgmuGSB5VawTqoZSSLB2tH4bua3n5g2XMlHO0lZmJCh5DGnxDopCPq5mvarNa/uzYFXiV+QGhRo9qtfvYGiWcKkpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUkSZsJ8fuwUnzllgGOlXUmL5+rviZwkxkySyHUmxI7MsjcT//O6mY1vwpzLNLNM0sWiOBPYKjz7HA+4ZtSKiSOEau5uxXRENKHW5VNxIfjLL6+S1kXdv6r7D5e1xm0RRxlO4BTOwYdraMA9NCEAChye4RXekEQv6B19LFpLqJg5hj9Anz/63I7N</latexit>

Uo<latexit sha1_base64="w9otsLkQPSjmSVHA5Qj7xKf9Huo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy203bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BH6hhuBrUQhlaHAZji6mfrNJ1Sax9G9GScYSDqIeJ8zaqzU8h86ieISu+WKW3VnIMvEy0kFctS75a9OL2apxMgwQbVue25igowqw5nASamTakwoG9EBti2NqEQdZLN7J+TEKj3Sj5WtyJCZ+nsio1LrsQxtp6RmqBe9qfif105N/yrIeJSkBiM2X9RPBTExmT5PelwhM2JsCWWK21sJG1JFmbERlWwI3uLLy6RxVvUuqt7deaV2ncdRhCM4hlPw4BJqcAt18IGBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx8OaY/8</latexit>

U 0

Figure 5: Q5 Circuit Diagram

A5 1. As the amplifier is ideal,

R3

R1 +R2 +R3
× Uo = Ui −

Ui − U ′

R4 +R5

×R4 (21)

Therefore,

Uo

2
= U1 −

Ui − U ′

2
(22)

Uo = Ui + U ′ (23)

The voltage on the capacitance Uc = Uo, so the current of the capacitance is

iC =
U ′ − Uo

R
= −Ui

R
(24)

And

Uo(t) =
1

C

∫ t

−∞
ic(λ)dλ = − 1

RC

∫ t

−∞
Ui(λ)dλ = −10

∫ t

−∞
Ui(λ)dλ (25)

4



<latexit sha1_base64="Rhm9pkfsUhrM5nN6BX+IpheHadg=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cKJi20oWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dlZW19Y3Nktb5e2d3b39ysFhoGWmCPWJ5FK1I6wpZ4L6hhlO26miOIk4bUWj26nfeqJKMykezDilYYIHgsWMYGOlwO+xWnDWq1TdujsDWiZeQapQoNmrfHX7kmQJFYZwrHXHc1MT5lgZRjidlLuZpikmIzygHUsFTqgO89m1E3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62Qmvg5zJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQ2YbgLb68TILzundZ9+4vqo2bIo4SHMMJ1MCDK2jAHTTBBwKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gCdHI6A</latexit>

Ui(V )

<latexit sha1_base64="qbp18T9wd1ZTKm1z4mRGCxmKnD4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWMG2hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKPlZjc94rV9yaOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBjdBBOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LmXdW8h8tK/TaPowgncApV8OAa6nAPDfCBgYBneIU3RzkvzrvzsWgtOPnMMfyB8/kDR8OOVw==</latexit>

t(ms)
<latexit sha1_base64="XdP7ucxCVWjiijeABYqMMa5zQX8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6qJX65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVa9+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/tWGM0g==</latexit>

4
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="XdP7ucxCVWjiijeABYqMMa5zQX8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6qJX65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVa9+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/tWGM0g==</latexit>

4

<latexit sha1_base64="+UsEPqQlfSJs2HwOwKKNXYdAZV4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6qJX65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJq1b1Lqve/UWlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/sleM0A==</latexit>

2

A
҄

҆

҄

҆

҄

҆

<latexit sha1_base64="oC63dJH8pEEz4pg4qIQCjo4Wol4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqGZVpygKqhNKdiBgmuGSB5VawTqoZSSLB2tH4bua3n5g2XMlHO0lZmJCh5DGnxDopCPq5mvarNa/uzYFXiV+QGhRo9qtfvYGiWcKkpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUkSZsJ8fuwUnzllgGOlXUmL5+rviZwkxkySyHUmxI7MsjcT//O6mY1vwpzLNLNM0sWiOBPYKjz7HA+4ZtSKiSOEau5uxXRENKHW5VNxIfjLL6+S1kXdv6r7D5e1xm0RRxlO4BTOwYdraMA9NCEAChye4RXekEQv6B19LFpLqJg5hj9Anz/63I7N</latexit>

Uo
<latexit sha1_base64="FFFK1uAy1w5W5Z6Tf7zdukEOXHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5fj/n03615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroJci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7p3VfceLmuN2yKOMpzAKZyDB9fQgHtogg8MODzDK7w50nlx3p2PRWvJKWaO4Q+czx/xvo7H</latexit>

Ui

<latexit sha1_base64="BG0hmqEYPi4+wZRv+Q+p9girVSw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrpmM3A==</latexit>

R

<latexit sha1_base64="po+MCAIFK4yLKvllX0FkOElWTss=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz24rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcm/ntJ1Sax/LBTBL0IzqUPOSMGis1av1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsrVuzyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBl92MzQ==</latexit>

C

Figure 6: Q6 Circuit and Input Voltage Waveform

Q6 (10%) Draw the output voltage waveform given the input voltage waveform and the circuit
in Figure 6. In the circuit, R = 5kΩ and C = 0.2µF .

A6 The input voltage is:

Ui =

{
2000t, 0 < t < 2 ms
8 − 2000t, 2 ≤ t < 4 ms

The output voltage is given by:

Uo = −RC dUi

dt
=

{
−2V, 0 < t < 2 ms
2V, 2 ≤ t < 4 ms

The waveform is as follows:
<latexit sha1_base64="oQpGRZGMDhLgGekOlpdZegT7EZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cKJi20oWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dlZW19Y3Nktb5e2d3b39ysFhoGWmCPWJ5FK1I6wpZ4L6hhlO26miOIk4bUWj26nfeqJKMykezDilYYIHgsWMYGOlwO/JWnDWq1TdujsDWiZeQapQoNmrfHX7kmQJFYZwrHXHc1MT5lgZRjidlLuZpikmIzygHUsFTqgO89m1E3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62Qmvg5zJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQ2YbgLb68TILzundZ9+4vqo2bIo4SHMMJ1MCDK2jAHTTBBwKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gCmRo6G</latexit>

Uo(V )

<latexit sha1_base64="qbp18T9wd1ZTKm1z4mRGCxmKnD4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWMG2hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKPlZjc94rV9yaOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBjdBBOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LmXdW8h8tK/TaPowgncApV8OAa6nAPDfCBgYBneIU3RzkvzrvzsWgtOPnMMfyB8/kDR8OOVw==</latexit>

t(ms)

<latexit sha1_base64="xaScPzVUJ8IMenxfztvyD5fnEQc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilh/NqsVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG060xC8xZeXSbNa8S4r3v1FuXaTx1GAYziBM/DgCmpwB3VoAIMBPMMrvDnSeXHenY9564qTzxzBHzifPxvajQc=</latexit>�2

<latexit sha1_base64="ZVvxhwTW4eoLiT9wK428+9zdrYM=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZjfsboQS+hO8eFDEq7/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJVhLaI5FJ1Q6wpZ4K2DDOcdhNFcRxy2gknt7nfeaJKMykezTShQYxHgkWMYGOlh7rrDipVr+bNgVaJX5AqFGgOKl/9oSRpTIUhHGvd873EBBlWhhFOZ24/1TTBZIJHtGepwDHVQTY/dYbOrDJEkVS2hEFz9fdEhmOtp3FoO2NsxnrZy8X/vF5qousgYyJJDRVksShKOTIS5X+jIVOUGD61BBPF7K2IjLHCxNh08hD85ZdXSbte8y9r/v1FtXFTxFGGEziFc/DhChpwB01oAYERPMMrvDnceXHenY9Fa8kpZo7hD5zPH+ahjOQ=</latexit>

2

<latexit sha1_base64="ZVvxhwTW4eoLiT9wK428+9zdrYM=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZjfsboQS+hO8eFDEq7/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJVhLaI5FJ1Q6wpZ4K2DDOcdhNFcRxy2gknt7nfeaJKMykezTShQYxHgkWMYGOlh7rrDipVr+bNgVaJX5AqFGgOKl/9oSRpTIUhHGvd873EBBlWhhFOZ24/1TTBZIJHtGepwDHVQTY/dYbOrDJEkVS2hEFz9fdEhmOtp3FoO2NsxnrZy8X/vF5qousgYyJJDRVksShKOTIS5X+jIVOUGD61BBPF7K2IjLHCxNh08hD85ZdXSbte8y9r/v1FtXFTxFGGEziFc/DhChpwB01oAYERPMMrvDnceXHenY9Fa8kpZo7hD5zPH+ahjOQ=</latexit>

2
<latexit sha1_base64="XdP7ucxCVWjiijeABYqMMa5zQX8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6qJX65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVa9+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/tWGM0g==</latexit>

4

Figure 7: Q6 solution
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