UCSD ECE 35 Prerequisite Test Solutions

. The product of a 2x2 matrix with a 2x1 vector is defined as

a bl |z  |axi + by
c d| |zo| |cxy + dxo
We can use this to write the system of equations

Y1 = axy + bxs
Yo = cxy + dxs

as a matrix equation:

Based on this, we can express our system of equations as

1 4 1| 2
4 4 |zo| |5
To solve for {xl

T2

Lll ﬂ . The inverse of a 2x2 matrix is given by

So

] we need to multiply both sides of this equation by the inverse of



]t R ]

Now we find {xl] as

BRI M| R

So we find ;7 = 1 and z9 = .25

2. We begin by adding the first equation to the second equation:

—3.1'1 — 21’2 + 71’3 =5
+
3r1+ 31y —4a3 =17

Ty + 3x3 = 12

Next, we solve this equation for x,.

Ty = 12 — 323

Now, we substitute this equation into the third equation.

4.1‘1 + 24 — 61’3 + 6I3 =20
4$1 =—4

Thus

1'1:—1



Substituting this value for z; into the first equation gives

3—2$2+7ZE3:5

—2x9 + Twg =2
Solving this for x, gives
7
To = §$3 -1

Now we plug in this equation for x5 and x; = 1 into the second equation and solve for
I3

7

21
—x3 —4x3 =13
2.173 XT3
13
—x3 =13
o 3
513'3:2
Lastly, we plug x3 = 2 into .nggxg—l:
x2:§*2—1
To =

Therefore x1 = —1, x5 = 6, and x3 = 2.

Alternatively, we can solve this problem using the matrix approach developed in exer-
cise 2:

-1

1 -3 =2 7 4 -1
|l =13 3 -4 7| =16
T3 4 2 6 20 2

The downside to this approach is that calculating the inverse of a 3x3 matrix is often
quite difficult. However, in situations when a calculator is allowed, this approach is
often much simpler than solving a system by hand.



3. The integral of y(t) from —oo to oo is the total area under the curve. Since y(t) = 0
outside of [-1,1], the integral is just the area of the triangle.

> 1
/ y(t)dt:§*2*1:1

[e.o]

4. (a)
df (t)
“Z = 2at+b
o7 at +
(b)
b2 a b t2
/ f)dt = —t3 + —t* + et
t 3 2 t1
b b
- %tg + 5t + cta - %ti’ — 5t et

a b
= g(tg —8}) + 5(75% —t7) + c(ta — t1)

5. (a) To find I(t), we plug d‘ggt) into the equation.

dv(t
% = w * cos(wt)

Therefore

I(t) = C * w * cos(wt)

(b) To find I(t), we plug V() into the equation.

cos(wt)  dI(t)
L dt

Integrating both sides with respect to t we find

' t
*wsm(w )+c



6. A complex number z can be written in rectangular form as z = a+jb or in phasor form
as z = |z|£0. To convert between these different forms, we have the relationships:

a=|z|cosf

b=|z|sinf

and
|z| = Va? + b?
b
tan(0) = —
an(0) "
So we have:

a) |z] = V42 + 42 = 4y/2 and 0 = 45°
b) |zl =32 +02=3and § = 0°
) |2] = /0 + (=2)2 = 2 and 6 = 270°
) |2l = /(=12)? + 3% = 3y/17 and 0 = 165.96°

7. It is usually easier to add/subtract complex numbers in rectangular form and to mul-
tiply /divide them in phasor form. For complex numbers z; = a + jb = |21|£6; and
2o = ¢+ jd = |z3|Z05, we have:

H4+2z=a+jb+c+jd=(a+c)+j(b+d)
2 —2z=a+jb—(c+jd)=(a—c)+j(b—d)
Z1 % 29 = |Zl||22|4(01+¢92)

Z1 |Zl| )

2 e,

Z1 |ZQ|
Also, for a complex number z = a + jb = |z|£60, the complex conjugate z* is given by
2 =a—jb=|z|£-0

So we have:

(a) (443j)—(2—65) =2+ 9j = V/85LT7.4T°

(b) (1+25)(4+65) = (v/5£63.4°)(2v/13£56.3°) = 2¢/65£119.7°

(¢) (1+27)(4—65) = (v/5£63.4°)(2/132 — 56.3°) = 2/65/7.1°
(2+4j)  2v5/6343° 2 .

(d) 6 7))~ Voo 198 \/1_74112.83
(1+25)+(3+45) 4465  2(2+35) B .

o G ) B R S R 1 B —



(f)

(2)
(h)

(1429)(2+35))* = ((v/5£63.4°)(v/13£56.3°))* = (v/65£119.7°)*
=65/ —119.7°

[ cos(t)dt = sin(t) + ¢

f; cos(t)dt = sin(t) — sin(0) = sin(t)

f%dx: 5f% = 5in(|z|) + ¢
fexdx =e"+c
JT

A e o
[etde = — +c=—jel" +¢
J

For this integral, we need to first notice that the answer is a function of t. Also,

, it _
x(T)eJT_{e 3<7<3

0 else

So from —oo < t < —3, we have ffoo 0dr =0

From —3 < t < 3 we have ffoo z(T)eldr = ffs eldr = ejt_]—e_ﬁ = —j(elt —e73)

Lastly from 3 < t < co we have ffoo x(7)elTdr = fi,) elmdr = —j(e¥ — e™¥)

0 —o00o <t < -3
Therefore our final solution is ffoo 2(1)elTdr = ¢ —j(eft —e ) 3 <t<3
—j(e¥ —e)  3<t<oo
2 2 2
y g2, —e T, —eV -1 1-eY
Jo e dx = 5 b = 5 T 3 T 3

Y
2

L%(Qx +4)dx = 22 +4x|5,7y % + 2y — y; — (—2y) =4y



