Midterm 1 Solution, Spring 2013

Problem 1:
a) Rru=0
Vru= a (Va/(R1+Rz2))

b)

or
o—

(T 3mA

o—

3-6i1+2i2=0
2(ir-i2)=5

3-4i1=5
i1=-0.5 mA
iz=i1-2.5= -3mA



Problem 2:

1) (V1-V2)/Ra + (V1-V4)/Rs -BVx=0 , Vx=-R3la
2) (V2-V1)/Ra + (V2-V4) /R7 +(V2-V3) /Rg -1a=0

3) (V3-V4)/Re + (V3-V2)/Rg -1g=0

4) (V4-V1)/Rs + (V4-V2) /R7+ (V4-V3) /Re=0

5) BVx+Ia+Ig=0  Vx=-(Ia+Ig)/ B

In 1, you could also use 5 to replace (-Rsla) with (-(Ia+Ig)/ B), alternatively.
Also, you could ground any of the nodes and set it to Ofor that node voltage to
simplify the equations further.

1) (1/Ra+1/Rs5)Vi—(1/R4)V2 -(1/Rs5)Va=- BR3la

2) -(1/R4)V1+ (1/R4 +1/R7 +1/R8)V2 —(1/R8)V3 —(1/R7)V4=IA
3) -(1/Rg)V2 +(1/Rg +1/R6)V3 —-(1/R6)Vs=Ig

4) -(1/Rs)V1-(1/R7)V2 -(1/R6)V3 +(1/Rs +1/Re +1/R7)V4=0



Problem 3:

Supermesh 1,2:
R3l1+R2l1+Va+Ra(I2-13) +aix+Re(I2-13)-Vp=0
[2-11=Ia

Mesh 3:
R4(I3-12)+R5(I3-14)+Rgl3+Rol3+Re(I3-12)- aix=0

Mesh 4:
Rs(I4-13)-Va+R7(14-15)=0

Mesh 5:
Is=Ig

ilel

1) (Rz+Rs+a)li+(Rs+Re)I2-(Ra+Re)13=Vp-Va
2) -lit+l2=Ia

3) —(XI1-(R4+R6)12+(R4+R5+R6+R8+R9)13'R5I4=0
4) -Rsl3+(Rs+R7)14-R7Is=Va

5) Is=Ig



Problem 4:

a)

Ri=RtH

Rru=7 || 1=7/8
b)

When Ry is fixed, Rs=Rtn should be minimized to maximize power.
Rru=(6+Ro0) || 1=(6+Ro)/(7+Ro)
Rty is minimized when Ro=0

c)

Vra=Voc

Using mesh analysis, Voc=3mV
Rru=7/8

7/8 Ohms
VWA o)

C_’) 3mV




