The Impact of Hard Work and
“Scratching” for Ideas
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s a violinist, I learned early in life

that Mozart was one of the most

brilliant composers of all time.
However, it took me much longer
to learn what made Mozart particu-
larly successful:

Mozart labored for more than ten

years until he produced any work

that we admire today. Before
then, his compositions were not
that original or interesting. Actual-

ly, they were often patched-

together chunks taken from other

composers [3, p. 56].

In fact, Mozart worked so intensively
that “by the time he was twenty-eight
years old, his hands were deformed
because of all of the hours he had spent
practicing. That's the missing element in
the popular portrait of Mozart” [1].

I find this information about Mozart
so refreshing! Whenever my self-
confidence is low or some fear of the
unknown sets in, either in my career or
outside of work, I try to remind myself of
all of the hard work Mozart put into his
compositions. Then, I try to mimic his
efforts by

1) cultivating a growth mindset
2) building grit
3) nurturing creative thoughts.

In the following sections, I have sum-
marized a few thoughts and ideas that
I have acquired over the years about
each of these actions. While teaching
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and leading research projects as a profes-
sor at the University of Utah, I regularly
spend time on these processes to over-
come obstacles and persist in my career.

CULTIVATING A GROWTH MINDSET
The inventor of the IQ test, Alfred Binet,
wrote the following summary in his
book, Modern Ideas About Children:

A few modern philosophers. ..
assert that an individual’s intelli-
gence is a fixed quantity, a quanti-
ty which cannot be increased. We
must protest and react against this
brutal pessimism... With practice,
training, and above all, method,
we manage to increase our atten-
tion, our memory, our judgment
and literally to become more intel-
ligent than we were before [4].
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Here in the United States, it is often
common to consider an 1Q score the
limit of a person’s unchangeable intelli-
gence. However, Binet considered an IQ
level more of a starting point rather than
an endpoint. So instead, what could be
more important than a high IQ?

Dr. Carol Dweck summarizes in her
book Mindset: The New Psychology of
Success that people tend to have two
types of mindsets. People with a fixed
mindset tend to believe that their quali-
ties are carved in stone and that they
must prove themselves over and over.
On the other hand, people with a fixed
mindset tend to believe that they can
cultivate their strengths through hard
work. People with both types of mind-
sets are capable of great accomplish-
ments. However, people with a growth
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mindset tend to enjoy the process and
their work more, whereas those with
a fixed mindset are often stressed out
from repeatedly trying to prove them-
selves. As a result, I often ask myself
in various situations if I am cultivating
a growth mindset or a fixed mindset.
Which mindset I tend to have often
appears to depend on the circumstanc-
es. As a result, I often must consider
how I can shift my thinking to more of a
growth mindset.

Fortunately, through the process of
helping my two children learn to play
the violin via the Suzuki method, I have
learned that the Suzuki method is as
much about cultivating a growth mindset
as it is about learning to play the violin.
For example, through the Suzuki meth-
od, I am helping my daughters overcome
challenges. When one of them balks at
learning a new passage in a song because
it’s “too hard,” I help her to break up
the passage into much shorter segments
(even of just three notes). After master-
ing all of the shorter segments, she can
piece them all together and surprise
herself by suddenly playing the entire
passage. Likewise, when students are
stressed about writing journal articles
about their research findings or if they
are just experiencing writer’s block, I
have them start by just sending me a
very simple outline, which I incremen-
tally ask them to keep expanding until
the article is basically written.

There is also a second very helpful
idea I have learned from the Suzuki
method. When a concert is approaching,
according to the advice of their Suzu-
ki violin teacher, my children practice
performing their recital pieces three
times every day for a month ahead of
time. What this does is help shift the
performance into the subconscious part
of the brain, so that their performance
becomes automatic. This shift is what
allows them to reliably perform in a con-
cert without making a single mistake,
even when a part of the brain may be
distracted by the audience and nerves.

After observing how much this
recital preparation has helped my chil-
dren, I now take the time to plan and
write down everything I intend to do
and say (even every word) during each

People with a growth mindset
tend to enjoy the process and
their work more, whereas
those with a fixed mindset
are often stressed out from
repeatedly trying to prove

So, how can we build
grit into our careers and
other endeavors? I believe
that learning about the chal-
lenges and disappointments
that successful people have
experienced while working
toward their own goals is very
helpful. This way, when we

lecture period of every class I teach.
Even though I don't plan to read from
a script during the lecture period, plan-
ning the lesson out in such detail has
helped me to better organize and deliv-
er the course material. It also helped
me to make high-quality video lectures
for my introduction to electromagnet-
ics course (https:/utah.instructure
.com/courses/684846) and my numeri-
cal electromagnetics course (https://
utah.instructure.com/courses/726806).
Unfortunately, this process takes several
hours of planning per lecture period,
which seemed quite unmanageable
at first (and I do not recommend this
approach early on for assistant profes-
sors). However, ultimately the outcome
has been worth the effort. I am now
much more comfortable delivering
interactive lectures that include active
learning, I enjoy teaching more, and my
course evaluations are some of the high-
est in the College of Engineering at the
University of Utah.

BUILDING GRIT

Mozart’s hard work paid off because
he had high levels of two key ingredi-
ents: an immense level of perseverance
(i.e., the ability to overcome setbacks
to conquer an important challenge) as
well as strong passion (i.e., the ability to
become obsessed with a certain idea or
project for a long period of time). High
levels of these two qualities resulted
in Mozart having a high score on the
“grit scale” developed by author Angela
Duckworth. It turns out that having
a high level of grit is a better predic-
tor of success than just about anything
else (including pure talent, IQ score,
SAT score, and even having a growth
mindset) [2].
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reach an obstacle ourselves, it

does not seem as though we

are the only ones to encoun-

ter a setback or that we are
unfit to overcome it. Books like Fantas-
tic Failures: True Stories of People Who
Changed the World by Falling Down
First [5], which I recently discovered
and am currently reading to my chil-
dren, are very helpful. If you know of
other such books for adults or children,
I would be very interested in hearing
about them.

I also believe that if we learn how
to build grit into one area of our lives
(e.g., learning to play the violin), it will
be easier for us to build it into another
area (e.g., debugging computer code
until it works). At least, I believe that
learning to play the violin as a child ulti-
mately helped me to develop one of the
world’s most advanced computer models
of electromagnetic wave propagation in
the global Earth—ionosphere waveguide
[see Figure 1(a)—(c)]. My students and
I are currently advancing and utilizing
these models to study space weather
hazards to electric power grids (for pre-
venting blackouts), locate airplanes that
have crashed into the ocean, and help
develop a ground-based GPS, to name a
few applications.

NURTURING CREATIVE MOMENTS

As a student, I was often in awe of my
Ph.D. advisor. He regularly came up
with new and exciting research topics.
At the time, I did not fully understand
how he could repeatedly conceive of
novel and interesting ideas. Since then,
I have learned that a lot of his con-
cepts just came from having decades
of experience, which I lacked at the
time. I also learned, though, that he
read a lot and from a wide variety of
sources. Years of experience will take
time to acquire, but all of us can read
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extensively to build our knowledge
base. I have also since learned that
Horizontal Plane of Radial

our ability to create new ideas may be L
Electric Field Components (Plotted on a Log Scale)

improved by using some strategies

Immediately Above the Earth’s Surface at Time = 0.0075 s
for a 300-Hz Pulse Occurring at Salt Lake City,
UT at 3 p.m. Local Time, Corresponding to 10 p.m. UTC

and techniques.

Twyla Tharp argues in her book The
Creative Habit that creativity is not a
magical act of inspiration; it is the result
of hard work and dedication [1]. Even
just taking the time to follow a “ritual of
preparation” may help spark ideas. For
example, Beethoven often started each

Latitude
logqo (abs(E))

day with a morning walk, during which
he would scribble into a small sketch-
book the first rough notes of whatever
musical idea entered his head.

Beethoven was not developing ideas lLongitude

out of thin air, however. For example, (@)

he would often “scratch” for ideas. Horizontal Plane of Radial

“Scratching is what you do when you Electric Field Components (Plotted on a Log Scale)

can’t wait for the thunderbo.lt to hit Immediately Above the Earth’s Surface at Time = 0.0375 s
you” [1]. We can scratch for ideas by for a 300-Hz Pulse Occurring at Salt Lake City,
reading, having conversations with UT at 3 p.m. Local Time, Corresponding to 10 p.m. UTC

6 4 &=,

coworkers or even strangers, examining

previous works by others, and immers-
ing ourselves in nature. In the case of
Beethoven, he was an avid bird lover
and would obtain musical motifs from
listening to birds. Similarly, as just one

Latitude
logy, (abs(E)))

example, in the engineering world, but-
terfly wings have inspired metamaterials
for manipulating light.

I believe the biggest challenge people
have for nurturing creative moments is to Longitude
find a low-stress period of time to dedi- (b)

cate to this activity or, rather, to make Horizontal Plane of Radial
time for it by prioritizing it in our lives. Electric Field Components (Plotted on a Log Scale)

There are always issues that we must Immediately Above the Earth’s Surface at Time = 0.09 s
deal with at work each day: emails to for a 300-Hz Pulse Occurring at Salt Lake City,
UT at 3 p.m. Local Time, Corresponding to 10 p.m. UTC

respond to, looming deadlines, and so on.
However, taking time to develop creative
thoughts is important for ourselves, our
work, and ultimately, society as a whole.

Latitude

I hope you find it as uplifting and moti-

logqg (abs(E)))

vating as I do to learn that we can devel-
op a growth mindset, build grit, and
employ strategies to become more cre-

ative. We can use these tools to actively Lonaitud
ongitude

(©)

work toward our goals in all areas of our
lives, but particularly in our careers. We
can also help others (students, peers,
children) understand that they, too, Three snapshots of global electromagnetic wave propagation away
can reach their goals while also enjoy-  from a transmitter located at Salt Lake City, Utah, at three moments in time: (a)
ing the process more if they understand 0.0075 s, (b) 0.0375 s, and (c) 0.09 s.
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that their capabilities are not fixed, that
even very successful people must over-
come obstacles, and that there are ways
to become more creative. This is, for me,
what makes my career as a professor
very rewarding: mentoring the next gen-
eration of engineers to help them reach
their goals while also developing and
creating new engineering ideas that may
help society at large.

AUTHOR INFORMATION

Jamesina J. Simpson (jamesina
.simpson@utah.edu) is an associate
professor with the Electrical and
Computer Engineering Department,
University of Utah, Salt Lake City,
Utah, 84112, USA. She is a track edi-
tor for IEEE Transactions on Anten-
nas and Propagation and a Senior
Member of IEEE.

REFERENCES

[1] T. Tharp, The Creative Habit: Learn It and Use
It for Life. New York: Simon and Schuster, 2003.

[2] A. Duckworth, Grit. New York: Simon and
Schuster, 2016.

[3] C. S. Dweck, Mindset: The New Psychology of
Success. New York: Random House, 2006.

[4] A. Binet, Modern Ideas about Children,
(Transl.: in S. Heisler, Ed.) Washington, D.C.:
American Psychological Association, 1975.

[5] L. Reynolds, Fantastic Failures: True Stories of
People Who Changed the World by Falling Down First,
Hillsboro, OR: Aladdin/Beyond Words, 2018. e

MEASUREMENTS GORNER

Technological University, 639798,
Singapore, a distinguished lecturer of the
IEEE Antennas and Propagation Soci-
ety, and a recipient of the 2012 Schelku-
noff Paper Award and 2020 Kraus Anten-
na Award. He is a Fellow of IEEE.

REFERENCES

[1] R. N. Simons and R. Q. Lee, “On-wafer char-
acterization of millimeter wave antennas for wire-
less applications,” IEEE Trans. Microw. Theory
Techn., vol. 47, no. 1, pp. 92-96, Jan. 1999. doi:
10.1109/22.740086.

[2] T. Zwick, C. Baks, U. R. Pfeiffer, D. Liu, and B.
P. Gaucher, “Probe based MMW antenna measure-
ment setup,” in Proc. IEEE AP-S Int. Symp., June
20-25, 2004, vol. 1, pp. T47-750.

[3] S. Beer, G. Adamiuk, and T. Zwick, “Design
and probe based measurement of 77 GHz anten-
nas for antenna in package applications,” in Proc.
Eur: Microw. Conf-, Sept. 2009, pp. 524-527.

[4] S. Beer and T. Zwick, “Probe based radia-
tion pattern measurements for highly integrated
millimeter-wave antennas,” in Proc. Eur. Conf.
Antennas Propag., Apr. 2010, pp. 1-5.

[5] H. Gulan et al., “Probe based antenna measure-
ments up to 325 GHz for upcoming millimeter-
wave applications,” in  Proc. IEEE Int. Workshop
Antenna Technol., Karlsruhe, Germany, Mar. 2013,
Pp. 228-231.

[6] S. Ranvier, M. Kyré, C. Luxey, R. Staraj, C.
Icheln, and P. Vainikainen, “Compact 3-D on
wafer radiation pattern measurement for 60 GHz
antennas,” Microw. Opt. Tech. Lett., vol. 51, no.
2, pp. 319-324, Dec. 2008. doi: 10.1002/mop.
24034.

[7] D. Titz, M. Kyro, C. Luxey, F. Ben Abdeljelil,
G. Jacquemod, P.Vainikainen, “Radiation pattern
measurement setup for 60 GHz on-chip antennas,”
in Proc. Loughborough Antennas and Propagation
Conf. (LAPC), pp. 533-536.

(continued from page 130)

[8] D. Titz, F. Ferrero, C. Luxey and G. Jacque-
mod, “A novel fully-automatic 3D radiation pattern
measurement setup for 60 GHz probefed anten-
nas,” in Proc. IEEE Int. Symp. Antennas Propag.
(APSURSI), Spokane, Washington, D.C., July 3-8,
2011, pp. 3121-3124.

[9] D. Titz, F. Ferrero, and C. Luxey, “Develop-
ment of a millimeter-wave measurement setup and
dedicated techniques to characterize the matching
and radiation performance of probe-fed antennas
[Measurements Corner],” IEEE Antennas Propag.
Mag., vol. 54, no. 4, pp. 188-203, Aug. 2012. doi:
10.1109/MAP.2012.6309179.

[10] A. Reniers, A. van Dommele, A. Smolders,
and M. Herben, “The influence of the probe con-
nection on mm-wave antenna measurements,”
IEEE Trans. Antennas Propag., vol. 63, no. 9, pp.
3819-3825, Sept. 2015. doi: 10.1109/TAP.2015.
2452941.

[11] B. E. Fischer, L. J. LaHaie, M. D. Huang, M.
H. A. ]. Herben, A. C. F. Reniers, and P. F. M.
Smulders, “Causes of discrepancies between mea-
surements and EM simulations of millimeter-wave
antennas [Measurements Corner],” IEEE Anten-
nas Propag. Mag., vol. 55, no. 6, pp. 139-149, Dec.
2013. doi: 10.1109/MAP.2013.6781719.

[12] L. Boehm, F. Boegelsack,M.Hitzler, and
C. Waldschmidt, “An automated millimeter-wave
antenna measurement setup using a robotic arm,”
in Proc. Int. Symp. IEEE Antennas Propag. USNC/
URSI Nat. Radio Sci. Meet., Vancouver, BC, Cana-
da, 2015, pp. 2109-2110.

[13] L. Boehm, A. Foerstner, M. Hitzler, and
C. Waldschmidt, “Reflection reduction through
modal filtering for integrated antenna measure-
ments above 100 GHz,” IEEE Trans. Antennas
Propag., vol. 65, no. 7, pp. 3712-3720, July 2017.
doi: 10.1109/TAP.2017.2705225.

[14] L. Boehm, F. Boegelsack, M. Hitzler, and
C. Waldschmidt, “The challenges of measuring
integrated antennas at millimeter-wave frequencies
[Measurements Corner],” IEEE Antennas Propag.
Mag., vol. 59, no. 4, pp. 84-92, Aug. 2017. doi:
10.1109/MAP.2017.2706652.

OCTOBER 2021

[15] K. V. Caekenberghe et al., “A 2-40 GHz
probe-station-based setup for on-wafer antenna
measurements,” IEEE Trans. Antennas Propag.,
vol. 56, no. 10, pp. 3241-3247, Oct. 2008. doi:
10.1109/TAP.2008.929433.

[16] M. Seyyed-Esfahlan, M. Kaynak, B. Gottel, and
I. Tekin, “SiGe process integrated on-chip dipole
antenna on finite-size ground plane,” IEEE Anten-
nas Wireless Propag. Lett., vol. 12, pp. 1260-1263,
Sept. 2013. doi: 10.1109/LAWP.2013.2282971.

[17] M. Seyyedesfahlan and I. Tekin, “ACP probe mea-
surement of on-chip strip dipole antennas at W band,”
IEEE Trans. Antennas Propag., vol. 64, no. 4, pp. 1270~
1278, Apr. 2016. doi: 10.1109/TAP2016.2529642.

[18] L. Marnat, A. A. A. Carreno, D. Conchouso,
M. G. Martinez, I. G. Foulds, and A. Shamim,
“New movable plate for efficient millimeter wave
vertical on-chip antenna,” IEEE Trans. Antennas
Propag., vol. 61, no. 4, pp. 1608-1615, Apr. 2013.
doi: 10.1109/TAP.2013.2241720.

[19] Y. P. Zhang and D. Liu, “Antenna-on-chip and
antenna-in-package solutions to highly integrated
millimeter-wave devices for wireless communica-
tions,” IEEE Trans. Antennas Propag., vol. 57, no.
10, pp. 1806-1814, Oct. 2009.

[20] Y. Zhang and J. Mao, “An overview of the
development of antenna-in-package technolo-
gy for highly integrated wireless devices,” Proc.
IEEE, vol. 107, no. 11, pp. 2265-2280, Nov. 2019.
doi: 10.1109/JPROC.2019.2933267.

[21] Y. P. Zhang, M. Sun, and W. Lin, “Novel
antenna-in-package design in LTCC for single-
chip RF transceivers,” IEEE Trans. Antennas
Propag., vol. 56, no. 7, pp. 2079-2088, July 2008.
doi: 10.1109/TAP.2008.924706.

[22] Z. Zheng, Y. P. Zhang, L. Shi, L. Wu, and |.
Mao, “An overview of probe-based millimeter-
wave/terahertz far-field antenna measurement set-
ups [Measurements Corner],” IEEE Antennas
Propag. Mag., vol. 63, no. 2, pp. 63-118, Apr.
2021. doi: 10.1109/MAP.2021.3054017.

[23] . A. Kong, Theory of Electromagnetic Waves.
New York: Wiley, 1975, pp. 207-223. “

IEEE ANTENNAS & PROPAGATION MAGAZINE



