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EECS 215WN10 Midterm 1 Results


105 Students 


Took the Exam







Exam Design


 65 Points of Straightforward Problems


 #1a: Node Equations


 #2a: Mesh Equations


 #4: Ideal Op-Amp


 10 Points of Number Crunching


 #1b: Node Equation Results


 #2b: Mesh Equation Results


 25 Points Of 2-3 Combined Concepts


 #3 a,b: Basic BJT Circuit Gain & Input Resistance
 Replace Device with Linear Model & Then Analyze


 #3 c: Apply Thevenin & Max Power Ideas to Analysis 
started in #3a 







Expectations


Category A% A# B% B# C% C# D% D#


straightforward 65 90% 58.5 70% 45.5 50% 32.5 30% 19.5


number crunching 10 80% 8 60% 6 40% 4 20% 2


combined concepts 25 70% 17.5 50% 12.5 30% 7.5 10% 2.5


total 100 84 64 44 24


Rough Letter Grade Numbers on First 


Page Are Slightly Adjusted From These 


Targets
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 Average Score 
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(77.7%)


 Median Score 


27/30


 High Class 


Competence on 


Node Analysis


0


5


10


15


20


25


30


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30


Problem 1


C
o
u


n
t


Range







Problem 2 Performance: Mesh Analysis
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Problem 4 Performance: Ideal Op-Amp


 Average Score 
10.3/15 (68.8%)


 Median Score 11/15
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Competence on Ideal 
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Problem 3 Performance: BJTs, Thevenin, 


Max Power


 Average Score 
9.8/25 (39.1%)


 Median Score 
8/25
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Conclusions/Comments


 Demonstrated Class Competence On Critical Concepts is 
Extremely Good


 Some Issues for Mutual Effort But No Serious Problems


 Transistors & Generally Stacking Together 2 or More Key 
Concepts


 Return Papers to Me If You Have Grading Fairness 
Issues (by Thursday March 9)


 May take several days to address to maintain overall 
consistency


 See Me ASAP If You Have Concerns


 I cannot predict final grades, but I will give the best advice I 
can
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EECS 215 Winter Semester 2010 Midterm Exam I 
 


Name (last, first):          
 


Lecture Section      Terry   Guo   
 


Rules: 
1. Friday, February 19, 2010, 9:00 to 10:30 AM nominal exam time.   


DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING 


CTOOLS Announcement!! 
2. Closed Book, etc. 


3. 1 Page (8.5”x11”, double sided) of notes allowed  


4. Calculators Needed and Allowed.  No devices with full alphanumeric keyboards are 


permitted. 


5. Exam is given under the College of Engineering Honor Code principles and 


practices.  


6. No communications of any kind are allowed.  Use of cell phones, cameras, personal 


data assistants, computers, or any other electronic devices, besides approved 


calculators, will be treated as an Honor Code violation. 


7. Work to be done in Exam booklet. Turn in all pages of the exam.  


Do not unstaple the pages.  


8. DO NOT WRITE ON THE BACK OF PAGES.  


Work on backs of pages will NOT be graded. 


9. Show your work and briefly explain major steps to maximize partial credit. 


(for example: i3=i1+i2, node A, KCL).  


NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN. 
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED 


 


This Exam Contains  


 4 problems over  19 pages (including ample workspace). 
 


Sign the College of Engineering Honor Code Below. 


(NO credit will be given for the exam without a signed pledge): 


I have neither given nor received aid on this examination.  
 


Signed:______________________________________ 
 


Do not write below this line 


*************************************************************************** 
 


Problem 1 [a b  ]  Problem 2 [a b  ] 


 


Problem 3 [a b c ]  Problem 4 [    ] 







 2 


Problem 1: Node Analysis (30 points) 
a) For the circuit below, carefully write down the full set of 5 linear equations that you 


would need to solve for the 3 unknown node voltages (V1-V3) and the two unknown 


dependent source variables ia and is. Label them with the major principle that they are 


based on (KVL, KCL). Do not yet solve these equations. (25 points) 


+ -


Vs


Io


R1


R2


R3
Bia


Ais


ia


is


+
-


V1 V2 V3


 


 


1)              


              


2)              


              


3)              


              


4)              


              


5)              
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Workspace for 1a) 
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Additional Workspace for 1a) 


+ -
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Io


R1


R2


R3
Bia


Ais


ia


is


+
-


V1 V2 V3
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b) Solve your equations for the case of: 


1 2 35 2 2 5 10 2.5 2S oV V I mA R K R K R K A K B            


(5 points) 


 


V1=      V 


V2=      V 


V3=      V 
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Additional workspace for 1(b)  







 7 


Problem 2: Mesh Analysis – (30 Points) 
 


a) For the circuit below, write down, but do not solve (here) the full set of 6 linear 


equations that you need to solve for the mesh loop currents (i1-i4) and the ) and the 


two unknown dependent source variables ia and is. Label them with the major 


principle that they are based on (KVL, KCL). Do not yet solve these equations. (25 


points) 


+ -
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Io
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R2


R3
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Ais
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i3
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1)              


              


2)              


              


3)              


              


4)              


              


5)              


              


6)              
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Workspace for 2(a) 


+ -
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i4
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Additional Workspace for 2(a) 


+ -
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Io


R1


R2


R3
Bia


Ais


ia


is


+
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i4
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b) Solve for the mesh currents using the same component values as 1(b). 


1 2 35 2 2 5 10 2.5 2S oV V I mA R K R K R K A K B            


(5 points) 


  







 11 


Additional workspace for 2(b) 
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Problem 3: Bipolar Junction Transistors and Maximum 


Power Transfer (25 points) 
 


Suppose we have a common collector npn bipolar junction transistor amplifier as illustrated 


below: 


Vin


VCC


Rs


npn BJT


+


-


Vout


+


-


+
-VBE


B


E


C


RE


 
For this problem we will use the following: 


0.7 1 100 12in S E F ccV V R R K V V        


We will use the following model for the npn BJT if 0.7 0in CEV and V   (forward active 


mode) 


B


E


C


IB IC


IE


FIB
VBE=0.7V


+


-


 
a) Find the voltage gain G=Vout/Vin  when the circuit is running in forward active mode 


and no load is present at the output terminals. (10 points) 


 


 


G=Vout/Vin=      
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Workspace for 3(a) 


Vin
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Additional workspace for 3(a) 
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b) If there is no load at the output, what is the effective input resistance that the input 


(Vin) source sees? (5 points) 


 


 


Rin,eff=     
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c) Now a load resistor is added (RL) as shown below. Find the value of RL that results in 


maximum load power and what is that power assuming that Vin=6V? Also, how much 


power is supplied by the Vin source?(10 points) 


6 1 100 12in S E F ccV V R R K V V        


Vin


VCC


Rs


npn BJT


+


-


Vout


+


-


+
-VBE


B


E


C


RE RL


 


 


RL=      


PL=     W 


PVin=     W 
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Additional workspace for 3(c)  
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Problem 4: Op-Amps (15 points) 
 


Find the gain (vo/vi) of the circuit below. 


 


 


(vo/vi)=     
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Additional workspace for 4 
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Combined Results

		Statistics		

		average		69.45

		st dev		18.97

		median		73
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Combined Results, Precentile View



		Statistics		

		average		69.45

		st dev		18.97

		median		73
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Problem: FOC

High Degree of Overall Competence on FOC Issues
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Problem 2: Series RLC

Pretty Good On SOC’s Overall

Some Additional Mistakes Due to Increase Complexity Vs. FOC’s

Minor Effect from Numerical Complexity
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Problem 3: General RLC

More Problems Here

More Complex Problem

Less Comfort Despite Similarity To Homework Problem

Time Factor?

Working with Symbolic Terms Instead of Numbers?
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EECS 215 Winter Semester 2010 Midterm Exam II 
 


Name (last, first):          
 


Lecture Section      Terry   Guo   
 


Rules: 
1. Friday, March 26, 2010, 9:00 to 10:30 AM nominal exam time.   


DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING 


CTOOLS Announcement!! 
2. Closed Book, etc. 


3. 2 Pages (8.5”x11”, double sided) of notes allowed  


4. Calculators Needed and Allowed.  No devices with full alphanumeric keyboards are 


permitted. 


5. Exam is given under the College of Engineering Honor Code principles and 


practices.  


6. No communications of any kind are allowed.  Use of cell phones, cameras, personal 


data assistants, computers, or any other electronic devices, besides approved 


calculators, will be treated as an Honor Code violation. 


7. Work to be done in Exam booklet. Turn in all pages of the exam.  


Do not unstaple the pages. You may remove the last 2 pages (19-20, FOC&SOC note 


pages) 


8. DO NOT WRITE ON THE BACK OF PAGES.  


Work on backs of pages will NOT be graded. 


9. Show your work and briefly explain major steps to maximize partial credit. 


(for example: i3=i1+i2, node A, KCL).  


NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN. 
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED 


This Exam Contains  


 3 problems over 18 pages (including ample workspace). 
 


Sign the College of Engineering Honor Code Below. 


(NO credit will be given for the exam without a signed pledge): 


I have neither given nor received aid on this examination.  
 


Signed:______________________________________ 
 


Do not write below this line 


*************************************************************************** 
 


Problem 1 [a  b  ]  Problem 2 [   ] 


 


Problem 3 [a  b  ] 
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Problem 1: First Order Circuits (30 points) 
 


+
- Vg(t)


Rg


Io(t)
Ro


C Vc


+


-


Switch Closes


at t=t1


 
 


For the circuit above, the switch has been open for a long time (infinitely long) prior to t=0: 


 


a) If we have the following values: 


     10 500 10 2 1g g o oV t u t V R K I t A R M C nF        


The switch closes when the capacitor is charged to +5V and this time is defined to be 


t1 {Vc(t1)=+5V}. Find Vc(t) for 10 t t   and find the value of 1t . (15 points) 


 


 


Vc(t) =         ( 10 t t  ) 


 


t1 =          
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Workspace for 1(a) 


     10 500 10 2 1g g o oV t u t V R K I t A R M C nF        


+
- Vg(t)


Rg


Io(t)
Ro


C Vc


+


-


Switch Closes


at t=t1
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Additional Workspace for 1(a) 
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a) This problem can be done even if you did not complete part (a) {just leave t1 as a 


symbolic constant}. 


Using the same component values as in part (b), find Vc(t) for 1t t  . (15 points) 


     10 500 10 2 1g g o oV t u t V R K I t A R M C nF        


 


 


Vc(t) =         ( 1t t ) 
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Workspace for 1(b) 


     10 500 10 2 1g g o oV t u t V R K I t A R M C nF        


+
- Vg(t)


Rg


Io(t)
Ro


C Vc


+


-


Switch Closes


at t=t1
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Additional Workspace for 1(b) 


     10 500 10 2 1g g o oV t u t V R K I t A R M C nF        


+
- Vg(t)


Rg


Io(t)
Ro


C Vc


+


-


Switch Closes


at t=t1
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Problem 2: Series RLC (35 points) 
For the circuit below, find vc(t) and iL(t) for t≥0. Note that the sign conventions for Vc and iL 


are defined on the circuit diagram. In the body of your work, be sure to clearly indicate major 


intermediate steps (initial conditions, forced solution, natural solution, matching to initial 


conditions). 


 


Use the values: 


   


1


2 12


1 4 6


1 16


o g


o g


I t mA V t V


R K R K R K


L mH C nF


 


     


 


 


 


 


 


Vc(t) =           


 


            


 


iL(t) =           
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Workspace for problem 2 


    


1


2 12


1 4 6


1 16


o g


o g


I t mA V t V


R K R K R K


L mH C nF
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Additional Workspace for problem 2 


    


1


2 12


1 4 6


1 16


o g


o g


I t mA V t V


R K R K R K


L mH C nF
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Additional Workspace for problem 2 


    


1


2 12


1 4 6


1 16


o g


o g


I t mA V t V


R K R K R K


L mH C nF
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Problem 3: General RLC (35 points) 
For the circuit below 


 
a) Find the general differential equation for Vc(t). The equation should be expressed in 


terms of the symbolic parameters ( 1 2, , , , , ,c gV V R R A C L )and should not be based on 


the specific numbers given in part (b). Vc(t) (and its derivatives) should be the only 


unknown in your final equation. (20 points) 
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Workspace for 3(a) 


 
  







 14 


Additional Workspace for 3(a) 
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b) This problem can be done even if you did not complete part (a). 


For previous circuit with the component values: 


   1 22 500 2 0.1 0.1 1gR K R A K C F L H V t u t V         , 


find Vc(t) for 0t  given that the differential equation is: 


     
2


4 1 8 1


2
4 10 4 10 constant 0c c


c


d V dV
x s x s V for t


dt dt


      


Note that the value of the constant forcing function has not been provided. Circuit 


analysis is required to find the forced solution. In the body of your work, be sure to 


clearly indicated major intermediate steps (initial conditions, forced solution, natural 


solution, matching to initial conditions). (15 points) 


 


 


Vc(t) =           
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Workspace for 3(b) 


   


1 22 500


2


0.1 0.1


1g


R K R


A K


C F L H


V t u t V





   


 


 





 


   


2
4 1


2


8 1


4 10


4 10 constant 0


c c


c


d V dV
x s


dt dt


x s V for t
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Additional Workspace for 3(b) 


   


1 22 500


2


0.1 0.1


1g


R K R


A K


C F L H


V t u t V





   


 


 





 


   


2
4 1


2


8 1


4 10


4 10 constant 0


c c


c


d V dV
x s


dt dt


x s V for t








 


 


 
  







 18 


Additional Workspace for 3(b) 


   


1 22 500


2


0.1 0.1


1g


R K R


A K


C F L H


V t u t V





   


 


 





 


   


2
4 1


2


8 1


4 10


4 10 constant 0


c c


c


d V dV
x s


dt dt


x s V for t
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EECS 215 Exam 2 Equation Sheets 
 


First Order Circuits 


 


Source-free RC (vs=0) Source-free RL (vs=0) 


 


 


 


 
 


t


C


RCt


CC evevtv   )0()0()(  t


L


LtR


LL eieiti   )0()0()(  


 


Step response RC (vs=VS u(t)) Step response RL (vs=VS u(t)) 


 


 


 


 
 


  RCt


SCSC eVvVtv  )0()(  


  RCt


CCCC evvvtv  )()0()()(  


LtRS
L


S
L e


R


V
i


R


V
ti 












 )0()(  


  LtR


LLLL eiiiti  )()0()()(  


 


General procedure for first order circuits: 


1) Find Thevenin/Norton equivalent 


2) Determine time constant (ReqC or L/Req) 


3) Determine initial value for capacitor or inductor. 


4) Determine forced solution. For step response, this is the final value. For time 


dependent input, use trial function in differential equation and determine unknown 


constants. 


5) Apply initial/boundary condition to determine unknown constant.  


 


 


 


 


  


C vC


+


-


R L
iLR


vs(t) C vC


+


-


R


L
iL


R


vs(t)







 20 


Second Order Circuits 


 


Source-free Series RLC (vs=0) 


(or natural solution for series RLC) 


Source-free Parallel RLC (vs=0) 


(or natural solution for parallel RLC) 


 


 


 


Differential Equation: 


0
2


2



LC


i


dt


di


L


R


dt


id
 


Differential Equation: 


0
1


2


2



LC


v


dt


dv


RCdt


vd
 


Characteristic Equation: 


0
12 


LCL


R
ss  


Characteristic Equation: 


0
112 


LCRC
ss  


Source-free Series RLC (continued) Source-free Parallel RLC (continued) 


Roots: 


LCL


R


L


R
s


1


22


2


2,1 









  


2


0


2


2,1  s  


L


R


2
          


LC


1
0   


Roots: 


LCRCRC
s


1


2


1


2


1
2


2,1 









  


2


0


2


2,1  s  


RC2


1
          


LC


1
0   


Solutions: 


Overdamped, 0   


  tsts
eAeAti 21


21   


Critically damped, 0   


    teAtAti  21  


Underdamped, 0   


             t


dd etBtBti   sincos 21  


22


0  d  


Solutions: 


Overdamped, 0   


  tsts
eAeAtv 21


21   


Critically damped, 0   


    teAtAtv  21  


Underdamped, 0   


             t


dd etBtBtv   sincos 21  


22


0  d  


  


General procedure for second order circuits: 


1) Get differential equation in form )(2 2


02


2


tfv
dt


dv


dt


vd
   (or in terms of i) 


2) Determine  and 0 and determine natural solution 


3) Determine forced solution (for step response, this is the final/steady state value) 


4) Determine initial conditions (e.g. v(0
+
) and dv(0


+
)/dt) 


5) Apply initial conditions to complete solution to determine unknown constants   


CR


L


i
LR C v


+


-
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EECS 215 Winter Semester 2010 Final Exam 


Name (last, first):          
 


Lecture Section      Terry   Guo   
 


Rules: 
1. Monday, April 26, 2010, 7:00 to 9:00 PM nominal exam time.   


DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING 


CTOOLS Announcement!! 
2. Closed Book, etc. 


3. 3 Pages (8.5”x11”, double sided) of notes allowed  


4. Calculators Needed and Allowed.  No devices with full alphanumeric keyboards are 


permitted. 


5. Exam is given under the College of Engineering Honor Code principles and 


practices.  


6. No communications of any kind are allowed.  Use of cell phones, cameras, personal 


data assistants, computers, or any other electronic devices, besides approved 


calculators, will be treated as an Honor Code violation. 


7. Work to be done in Exam booklet. Turn in all pages of the exam.  


Do not unstaple the pages. You may remove the last 3 pages (27-29, FOC, SOC, Bode 


note pages) 


8. DO NOT WRITE ON THE BACK OF PAGES.  


Work on backs of pages will NOT be graded. 


9. Show your work and briefly explain major steps to maximize partial credit. 


(for example: i3=i1+i2, node A, KCL).  


NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN. 
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED 


This Exam Contains  


 4 problems over 29 pages (including ample workspace). 
 


Sign the College of Engineering Honor Code Below. 


(NO credit will be given for the exam without a signed pledge): 


I have neither given nor received aid on this examination.  
 


Signed:______________________________________ 
 


Do not write below this line 


*************************************************************************** 
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Problem 1: Transient Response (30 Points) 
a) For the circuit below, find the general differential equation for vc(t). The equation 


should be expressed in terms of the symbolic parameters (
1 2, , , , , ,c gV V R R A C L ) and 


should not be based on the specific numbers given in part (b). Vc(t) (and its 


derivatives) should be the only unknown in your final equation. You may use either 


time domain or s-domain methods. (Prof. Terry found the time-domain approach to 


be faster on this one, but either will work) (15 points) 


 


 


 


             


 


             


 


             


 
 


+
-vg(t)


R1


R2C


L


Avc


+


-


vc


iL
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Workspace for 1 (a) 


+
-vg(t)


R1


R2C


L


Avc


+


-


vc


iL
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Additional Workspace for 1 (a) 


+
-vg(t)


R1


R2C


L


Avc


+


-


vc


iL
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b) This problem can be done even if you did not complete part (a). 


If we use the following component values, the resulting differential equation for t>0 


is given below. Find vc(t) for t>0. (15 points) 


    3 1


1 21 1 7 10 1 1gv t u t V R R K A x C nF L mH          


     
2


6 1 12 2 12 2


2
2 10 9 10 1 10 0c c


c


d v dv
x s x s v x V s for t


dt dt


       


 


Vc(t) =           


 


            


 
 


+
-vg(t)


R1


R2C


L


Avc


+


-


vc


iL
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Workspace for 1(b) 


   


     


3 1


1 2


2
6 1 12 2 12 2


2


1 1 7 10 1 1


2 10 9 10 1 10 0


g


c c
c


v t u t V R R K A x C nF L mH


d v dv
x s x s v x V s for t


dt dt
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Additional Workspace for 1(b) 


   


     


3 1


1 2


2
6 1 12 2 12 2


2


1 1 7 10 1 1


2 10 9 10 1 10 0


g


c c
c


v t u t V R R K A x C nF L mH


d v dv
x s x s v x V s for t


dt dt
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Problem 2: AC Steady State & AC Power (35 Points) 
For the circuit on the following page: 


a) Write down a complete set of five phasor domain nodal analysis equations that you 


would need to find the phasors of the unknown node voltages V1, V2, V3, Vo, and the 


controlling variable ic. Indicate the major reason (KVL, KCL) for each equation. You 


are not required to numerically solve these equations. (15 points) 


 


 


1)              


              


2)              


              


3)              


              


4)              


              


5)              
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Circuit and workspace for 2(a) 


+-


+
-


Vg(t)


1 K


4 K


2 mH 6 mH(2K)ic


500 pF


ic


Vg(t)=10Vcos( t)


=2x106r/s


Vo


+


-


5 K


V1
V2


V3


IL(t)


IL(t)=ILocos( t)


=2x106r/s


a


b
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Additional workspace for 2(a) 


+-


+
-


Vg(t)


1 K


4 K


2 mH 6 mH(2K)ic


500 pF


ic


Vg(t)=10Vcos( t)


=2x106r/s


Vo


+


-


5 K


V1
V2


V3


IL(t)


IL(t)=ILocos( t)


=2x106r/s


a


b
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Additional workspace for 2(a) 


+-


+
-


Vg(t)


1 K


4 K


2 mH 6 mH(2K)ic


500 pF


ic


Vg(t)=10Vcos( t)


=2x106r/s


Vo


+


-


5 K


V1
V2


V3


IL(t)


IL(t)=ILocos( t)


=2x106r/s


a


b
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For (b) and (c) part, do not attempt to numerically solve (a). The following provides 


all the information you need: assume that the exact phasor domain result for part (a) 


is: 


Vo=  *( 
         


     
 
         


     
 )  +     (


     


     
 
     


     
 )     


 


b) For the circuit in the box (the dashed box), what is the open circuit output voltage 


Vo(t)=VTH(t) (the measurable, time domain response) and what is the short circuit or 


Norton current IN(t) (the measurable, time domain response)? What is the complex 


output impedance Zeq at =2x10
6
 r/s in a+jb format (10 points) 


 


 


VTH(t)=          V 


 


IN(t)=          A 


 


Zeq=       + j       
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For (b) and (c) part, do not attempt to numerically solve (a). The following provides 


all the information you need: assume that the exact phasor domain result for part (a) 


is: 


Vo=  *( 
         


     
 
         


     
 )  +     (


     


     
 
     


     
 )     


 


Additional workspace for 2(b)  
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For (b) and (c) part, do not attempt to numerically solve (a). The following provides 


all the information you need: assume that the exact phasor domain result for part (a) 


is: 


Vo=  *( 
         


     
 
         


     
 )  +     (


     


     
 
     


     
 )     


 


c) If a passive load is connected at the output of the boxed circuit (as illustrated below), 


find the load impedance (ZL) that results in maximum power transfer. What is the 


average dissipated power (PAV)? If the load ZL is modeled as a resistor in series with 


either a capacitor or inductor, find the R and L or C required. (10 points)  


 


 


ZL=       + j      


 


Pav=      W 


 


RL=      


And either: 


 


LL=      H 



or 


 


CL=      F 
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+-


+
-


Vg(t)


1 K


4 K


2 mH 6 mH(2K)ic


500 pF


ic


Vg(t)=10Vcos( t)


=2x106r/s


Vo


+


-


5 K


V1
V2


V3


a


b


Z
L
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Workspace for 2 (c) 


For (b) and (c) part, do not attempt to numerically solve (a). The following provides 


all the information you need: assume that the exact phasor domain result for part (a) 


is: 


Vo=  *( 
         


     
 
         


     
 )  +     (


     


     
 
     


     
 )     
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3. Passive Filters and Bode Plots (15 points) 
For the circuit below, if we have the component values below, the following 4 Bode plots 


all correct for the transfer functions 


       1 1 2 2, , ,c c in c c in L L in out inH s v v H s v v H s v v and H s v v     . 


Which Bode plot represents   out inH s v v and how do you know? Note: solving for 


the transfer function is not required and attempting this is not recommended. (15 points) 


1 2 1 2C =C =9.50548nF L=111.813 R =R =50H   


R1 C1 C2


L R2
Vin


Vout


+


-


+


-


Vc1


VL


+-
Vc2


+ -


+


-


 
 


 


The correct bode plot is (circle only one): 


 


A  B  C  D 


 


Explain your reasoning clearly and succinctly. No credit given 


without valid reasons. 
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Problem 4: Active Filters (20 points) 


a) For the circuit below, derive the transfer function   0


in


v
H s


v
  (15 points) 


 


 


H(s)=           


 


            


 
 


 


R1


R2


R1


vin
vout


R2


C
C


-


+
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Workspace for 4(a) 


R1


R2


R1


vin
vout


R2


C
C


-


+
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Additional Workspace for 4(a) 


R1


R2


R1


vin
vout


R2


C
C


-


+
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b) Either from your transfer function and/or circuit analysis, what type of filter is this? 


Hint: Look at H() not H(s) (5 points) 


 


 


Filter type is (circle only one): 


 


Low-Pass   High-Pass 


 


Band-Pass   Band-Stop/Band-Reject/Notch 


 


No credit without a clear, concise, correct set of reasons in your 


work. 
 


R1


R2


R1


vin
vout


R2


C
C


-


+
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Workspace for 4 (b) 
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+


 


  







 27 


EECS 215 Final Exam Equation Sheets 
 


First Order Circuits 


 


Source-free RC (vs=0) Source-free RL (vs=0) 


 


 


 


 
 


t


C


RCt


CC evevtv   )0()0()(  t


L


LtR


LL eieiti   )0()0()(  


 


Step response RC (vs=VS u(t)) Step response RL (vs=VS u(t)) 


 


 


 


 
 


  RCt


SCSC eVvVtv  )0()(  


  RCt


CCCC evvvtv  )()0()()(  


LtRS
L


S
L e


R


V
i


R


V
ti 












 )0()(  


  LtR


LLLL eiiiti  )()0()()(  


 


General procedure for first order circuits: 


1) Find Thevenin/Norton equivalent 


2) Determine time constant (ReqC or L/Req) 


3) Determine initial value for capacitor or inductor. 


4) Determine forced solution. For step response, this is the final value. For time 


dependent input, use trial function in differential equation and determine unknown 


constants. 


5) Apply initial/boundary condition to determine unknown constant.  


 


 


 


 


  


C vC


+


-


R L
iLR


vs(t) C vC


+


-


R


L
iL


R


vs(t)
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Second Order Circuits 


 


Source-free Series RLC (vs=0) 


(or natural solution for series RLC) 


Source-free Parallel RLC (vs=0) 


(or natural solution for parallel RLC) 


 


 


 


Differential Equation: 


0
2


2



LC


i


dt


di


L


R


dt


id
 


Differential Equation: 


0
1


2


2



LC


v


dt


dv


RCdt


vd
 


Characteristic Equation: 


0
12 


LCL


R
ss  


Characteristic Equation: 


0
112 


LCRC
ss  


Source-free Series RLC (continued) Source-free Parallel RLC (continued) 


Roots: 


LCL


R


L


R
s


1


22


2


2,1 









  


2


0


2


2,1  s  


L


R


2
          


LC


1
0   


Roots: 


LCRCRC
s


1


2


1


2


1
2


2,1 









  


2


0


2


2,1  s  


RC2


1
          


LC


1
0   


Solutions: 


Overdamped, 0   


  tsts
eAeAti 21


21   


Critically damped, 0   


    teAtAti  21  


Underdamped, 0   


             t


dd etBtBti   sincos 21  


22


0  d  


Solutions: 


Overdamped, 0   


  tsts
eAeAtv 21


21   


Critically damped, 0   


    teAtAtv  21  


Underdamped, 0   


             t


dd etBtBtv   sincos 21  


22


0  d  


  


General procedure for second order circuits: 


1) Get differential equation in form )(2 2


02


2


tfv
dt


dv


dt


vd
   (or in terms of i) 


2) Determine  and 0 and determine natural solution 


3) Determine forced solution (for step response, this is the final/steady state value) 


4) Determine initial conditions (e.g. v(0
+
) and dv(0


+
)/dt) 


5) Apply initial conditions to complete solution to determine unknown constants   


CR


L


i
LR C v


+


-
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EECS 215 Winter Semester 2010 Midterm Exam I: Corrections, Clarifications & Hints 


 
Problem 2 


b) Find the mesh current i1, i2, i3, i4.  Show your work but clearly box-in your answers and express 


them including units (A, mA, etc.) 


Problem 3 


a) The gain (G) should not include any effects of DC offset voltage. First find Vo as function of Vin 


and the other parameters, and then Define G by: 


o


in


V
G


V







 


b) Similarly, the effective input resistance should not consider DC offsets. First find the input 


current Iin flowing out of the input source. Then find: 


,
in


in eff


in


V
R


I







 


c) This problem can be done correctly in several ways, but you may want to consider finding the 


short circuit current as a first step. 





