1. (2 points) Please fill out the survey here on how long you spent on HWS. You will receive two

points for your response; to receive them, please upload a screenshot of the confirmation page.

HWS8 Duration

Your response has been recorded.

View score

Submit another response

This form was created inside of Carnegie Mellon University. Report Abuse

Google Forms



2. (14 points) Consider the complex logarithm In(z) for a complex number » € C. Recall that in

lecture, we defined Ln(z) = In(|z|) + jArg(z), where Arg(z) € [—m, 7).
a.(3 points) Find Ln(e), Ln(—e), and Ln(—¢?) l E xpLAt
b.(3 points) Does Ln(e?) + Ln(—e) = Ln ((—e)(e?))? Please show your work. '

c.(3 points) Does Ln(e/) + Ln(—el) = Ln (e7 - (—e?))? Please show your work.

d.(5 points) Now suppose we define the complex logarithm as In(z) = In | 2|+ (—27+Arg(2))
Does e"(*) = 2 still hold for all z € C? Briefly explain your answer. ‘
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b.(3 points) Does Ln(e?) + Ln(—e) = Ln ((—e)(e?))? Please show your work.

bn(evs = 3
Ln(-¢)- ’/7'/
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d.(5 points) Now suppose we define the complex logarithm as In(z) = In |z|+j(—27+Arg(z)
Does e"(?) = 7 still hold for all z € C? Briefly explain your answer.

O RRINERNE- S,
BB (e e A"L’)»
's(-ﬁ-‘:c’-i A';[‘zi))

-~
-

- Z(e

b I eyle of 2
Not egr o 3y e,
clﬂ('z\ % 2 k 3(-27+ Ar’{,)\

Cor @
woula \eve o Noneeg

Nolt whidh word e 42



3. (20 points) In the following sections, please show all work.

a.(10 points)  Find expressions for sinh(z) and cosh(z) in terms of ¢* and e~*, and prove

them using the Taylor series expansions.
[Hint]: Use the power series definition of the complex exponential e¢*. You may also use the fact

that sinh’(z) = cosh(z), cosh’(z) = sinh(z).

. x ¥
S"\h(r): C -e

ANz x - ; =

¥
e/-"“-er't-ra
2T 2T E ef bl

pA » R

=Y

e ‘' ox 2 3
- — -.'_‘»‘-r:_.eg\.a..

2 *'2"93° 12

v X X -V

€ _e _e-¢ [\ ¥ l
2 AaB 20t e 'h*z)*

g






b.(10 points) ~ Show the following two identities, using the fact that sin(a) = (an;;—.m)’
cos(a) = <5N+2€7’M) for any a € C, as well as the complex identities you found in part (a).
i) sin(p + j¢) = sin(p) cosh(g) + 7 cos(p) sinh(g)

ii) cos(p + j¢) = cos(p) cosh(q) — 7 sin(p) sinh(q)
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4. (18 points) In the following sections, please show all work.

a.(12 points) Let z; = 3+ 2j. Solve for the real and imaginary parts of sin(z;), cos(z;), and
e”'. You may find it helpful to use the identities that you derived in 3b.
Note: Some work or evaluation is expected - do not simply plug in the values of z and report the
answer.

b.(3 points) Find the polar form of 2z, =1 — j.

c.(3 points) Let 23 = 2¢7%. Find arg(2) (2 is given in 4b).
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5. (I8 points) For parts a. and b., use f(z) = %) centered at z = T

z 2°

Note: The first order truncation of a Taylor series centered at a point a is given by
Pi(z) = f(a) + f'(a)(z — a).

M order truncation of a Taylor series, P, (), centered at a point a is given by:

Similarly, the n/

@, ), 1 (@) — a)"
fla)+ f'(a)(z — a) 4 ) (x —a)*+ 3.2 (v —a)®+ } m

a.(10 points) ~ Write the first, second and third order truncations of the Taylor series for the
function f(z), z € C.

b.(8 points) Plot the function and its three truncated approximations. You should make four
plots corresponding to the function itself, its first-order truncation, its second-order truncation, and
its third-order truncation. Each plot should be three dimensional, with coordinates corresponding
to (R(z), (), |f(2)]). You can use surf in Matlab to make your plots. Plot from -2 to 2 with a
0.15 step size for each axis.
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b.(8 points) Plot the function and its three truncated approximations. You should make four
plots corresponding to the function itself, its first-order truncation, its second-order truncation, and
its third-order truncation. Each plot should be three dimensional, with coordinates corresponding
to (R(z), 3(2), |f(z)]). You can use surf in Matlab to make your plots. Plot from -2 to 2 with a
0.15 step size for each axis.
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6. (18 points) Consider z € C and then:
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b.(12 points) By explicitly evaluating the Cauchy-Riemann equations, determine whether the

- p . -
following complex functions are analytic or not. Z M e ‘ ‘

D) f(2)=228432+45
i) f(2) =2
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a.(6 points) Find the derivative of f(z) = % for z € C. For which values of z is this
function differentiable?
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7. (10 points) Power Systems Application Problem

Voltage (V) and current (I) are two well known sinusoidal elements that are often represented as
phasors. Phasors are sinusoidal signals with time-invariant amplitude, phase, and angular velocity
(27 f). Phasors have their own notation, phasor notation, which represents the magnitude and
phase of the signal. For a given signal with magnitude A, frequency f, and phase ¢, phasor notation
would look like the following:

z(t) = Acos(2mft +0°) — X = A/6°

In electric power systems, voltage and current are also typically represented using their root
mean square (RMS) values, where the relationship between a sinusoidal and RMS is the following:

X
\/ﬁ&

In power systems, we use V., (the phasor representation of v(t) with RMS values) and 7,5
(the phasor representation of i(t) with RMS values) to find complex power (S) where S = V.., I ..
As aresult, S is then also a complex number where R(S) is called real or active power (P) (which
is the power you’re most likely familiar with) and $(.9) is called reactive power (Q).

y=Xcos(2rft+6°) = Yips =

a.(4 points) Find the phasor representation of V,.,,s and I,..,,s when v(t) = 170 cos(27 ft —30°)
and i(t) = 7 cos(2m ft — 60°) for f = 60 Hz. Please round to the nearest whole number.

b.(6 points) Find |S|, P, and Q.

4

fms

[s
)
'\.

)

W
Q.




b.(6 points) Find |S|, P, and Q.
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