MAE140 Winl12 HW3 Solutions

TR&T,3.1,3.3,3.6, 3.7, 3.9, 3.10, 3.12, 3.15 b) and d), 3.71, 3.74
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(a) Writing node-voltage equations by inspection, we can get:

Node A:
(1 4 1) 1 —>
40 T30/"4 T30 T
Node B:
1 +<1 + 1 4 1) —0
30747 \30 " 20 "80/ "B T
Written in matrix form Ax = b
1 1 1
CRE
40 ' 30 30 [vA] _ 2]
1 (1 s 1 . 1) Vg 0
30 30 20 ' 80

(b) Solve the equations or matrix form, we can get
vy =42.79V,vg = 14.88V
(c)
U, = vy —vp = 2791V

v
i = % =0.1860 A

(a) Writing node-voltage equations by inspection, we can get:

Node A:
<1+1) ! =20mA—-20mA =0
4k " 2k0) A T 2k VB T AT ma=
Node B:
! +< ! + ! + 1) = —-20mA
20 AT oo T akq T 2k VBT TN
Written in matrix form Ax = b
< 1 N 1 ) 1
4kQ  2kQ 2kQ [VA]: O]
1 1 1 1 Up —-20
— (st st
2kQ 2kQ  4kQ  2kQ
(b) Solve the equations or matrix form, we can get
vy = —14.545V
vg = —21.818V
(c)
Up
Uy = > =-10909V
. Uy — VUp
= = 3.6364 mA
= ok m
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(a) Writing node-voltage equations by method 2, we can get:

Node A:
(1 4 1 4 1 + 1) (1 + 1) Vg
—t—t+—+— |y —|—+— v =—
Ri R, Ry RJ ™ \R, Ry 7 Ry
Node B:

(1 1) +_<1 4 1 + 1) 0
R, Rs) " \R, Rs R/ ®
Written in matrix form Ax = b

<R_1+R_2+R_3+R_4) _< ))[ ]_[ ]

1 1 1
) G
R;  R3 R, R3 R5
(b) By solving the two equations or the matrix form, we can get
Vy = 9 V, Vg = (4
Vs — vV
i, =——2=15mA
Ry
Vy = Vg —VUp = 3V

(a) Writing node-voltage equations by inspection, we can get:
Node A:

(1 1) 1 1 .
R, R, Vp — RlvB R4Uc—ls1

Node B:
1 1 1
—R_lvA <R1 R )UB + 0- Ve = lSZ
Node C:
1 0 4 ( 1 1 ) )
—— Vs — V) —_ —
R, A B R, R4 Ue = —ls2
Written in matrix form Ax = b
( 1 N 1) 1 1 7
Ri " Ry Ry R |
1 ( 1 1 ) . e ts1
—_ —_— B = l 2
Ri  \Ry R o e e
1 1 1 s
o (m*w)
R, R; R,/

(c) By solving the two equations or the matrix form, we can get

vy =598V, v5 =534V, v, = 141V



(a) Writing node-voltage equations by inspection, we can get:

Jva -
(b) Solving the equation, we can get vy = 4V.

04

1

Node A: (10kn

1
+%+

1
10kQ

. 12—UA _ . _
Soiy = Tora 0.8mA4, iz =
. v
(c) v, = 12—vA=8V,1x=ﬁ

3-10

10kQ

UA—4- _

10kQ
=0.8ma

__l__.jIZL/._

1

.4y =0
10kQ

—vr =0
akq F

b
+
4k0Z | 4KkQZ | 4kQT%
D F
15V 15V
<+> ( CP y
L
(a) Using method 2, writing node-voltage equations by inspection, we can get:
1 1 1 1
Node A: (ﬁ+ﬁ)vA—%v3 EUD =0
1 1 1 1 1
Node B: —-E;}51{4 + (E;zi-+ Z;?;-+ E;Ei) Vg — E;EilJC -
1 1 1
Node C: _%UB + (ﬁﬁ-%) ve=0

Knowing vp = 15V, vy = 15V, we can get the matrix form:

1
<2kQ * 4kQ)

1 1
2kQ
1 < 1 1 1
2kQ 2kQ + 4kQ * 2kQ
1
0 —_
2kQ

(b) Solving the matrix, we can get

)

(

1

_+_

4kQ

1
2kQ

vy =12.14V,vg = 10.71V, v, = 7.14V

lx

_ 15V - UB
T 4kQ

vy =ve = 7.14V

=1.07mA

)

15

4kQ
15

4kQ
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3-15

3-71

(b)

(b)

(d)

Use method 2 to write node-voltage equation.

1 1
Ri+R, R3+R4+Rs

1 . _
NOdeA.( )UA—mvS—ls—O = UA—375V

=— R o =1875V,i, =475 = 0.025 A
R3+R,+Rs R1+R;

The total power P = igv, = 3.75W. Noting that the voltage source is absorbing power.

Uy

Using method 2 to write node-voltage equation.

1 1 1 1 1
Node B: _%UA + (ﬁ‘l‘m‘l’@) Vg —%UC = 5mA
Noting that vy, = 40V, v = —25V,sowe cangetvg = 25V

v, = vg = 25V

i, =SB = _625mA.
8k

592 Ohm
8 Ohm
:> R_IN 4 0hm
16, 8, or 4
4 Ohm
¢}

As shown in the figure, we can get R;y when the connected speaker are 16, 8, 4.).

Ry =592+ (8 4+ 4 + 4)||16 = 600 2
Ry =592+ 8+ (4 +4)||8 = 604

Rin =592+ 8 + 4 + 4||4 = 608 2

The company claims that R,y can vary in the range [588, 612]. So the claim for R,y is true.



3-74

592 Ohm

8 Ohm

600 Ohm 40hm R_OUT

W

4 Ohm

0

Now we calculate the value of Rpyr.

Royr = (600 + 592)||(8 + 4 + 4) = 15.7902 It is in the range of 16 + 2%.
Royr = (600 + 592 + 8)||(4 + 4) = 7.9502 Itis in the range of 8 + 2%.
Royr = (600 + 592 + 8 + 4)||4 = 3.980 Itis in the range of 4 + 2%.

The claim of the company is true.

RT

Vvt

To design a battery with large voltage, we need to combine batteries with small voltage. Since our goal voltage is
36V, there are only two ways to achieve it with given batteries: 4 first type or 9 second type.

If we choose first type, which is 4 batteries with vy = 9V, R, = 402 in series, Ry = 4X40) = 16 > 100.

If we choose second type, which is 9 batteries with vy = 4V, R; = 0.50 in series, Ry = 9%0.502 = 4.502 <
100.

It's clear that we have to choose second type. Also the weight of the combination is less for the second one.

The result is choosing 9 second type batteries in series.



