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Interview

The Energy of Tomorrow No Longer: 
An Interview with Plasma and Fusion          
Professor Dennis Whyte  
WILL GLICK ‘24

The Director of the MIT Plasma Science and Fusion Center and a 
Hitachi America Professor of Engineering with over 300 publica-
tions, Professor Dennis G. Whyte has worked on researching the 
science of fusion, the process of merging atomic nuclei to yield 

energy and new atoms, for decades. He currently heads the MIT 
SPARC prototype fusion reactor program and aims to bring triti-

um-based fusion power, a design that relies on fusing hydrogen iso-
topes to generate nonreactive helium, to the marketplace by 2030. 

Q: Global warming is a major issue of the day, so as a burgeoning commercial 
field how will fusion technology impact the world’s carbon footprint, or how 
do you hope it will?

A: Right, well, we hope that fusion greatly reduces the world’s carbon footprint, but there are some 
issues. If we had working, economically viable fusion energy systems out now, it would make an 
enormous difference in fighting climate change, because fusion is essentially an inexhaustible ener-
gy supply, and with fusion plants up and running, you could start swapping out all the carbon-based 
energy sources very quickly. From a physics perspective, there is no reason why we couldn’t use fu-
sion for 100% of our energy needs, and right now none of the other carbon free energy sources are 
on track to hit that threshold. Fusion’s specific features—unique features, actually—provide access to 
large-scale changes which simply aren’t coming from other energy sources. Renewables have become 
increasingly attractive, but they’re generally low power-density options, which means that they rely 
on gathering small amounts of energy from over a very large area, and so they’re at a disadvantage 
compared to very compact energy sources, like fossil fuels. Fossil fuels have such great energy den-
sity because they function by harvesting energy from the breaking of molecular bonds, but fusion 

Q: Why is fusion such an interesting topic for you, and what important 
benefits does the technology offer in contrast to other energy sources?

A: The promise of fusion is so immense for being able to supply safe, carbon free energy for 
human use. Energy is essentially the backbone of all modern civilization: the entire industri-
al revolution was really a response to having these new, powerful energy sources. Of course, 
the problem with those fuels is that they emit carbon and have a limited supply. If we want 
to keep energy use going, we have to figure out new energy sources, and fusion is one of the 
most promising choices. As a scientist it’s hard to imagine something more important from a 
societal standpoint than getting something like fusion to work as an energy source, but fu-
sion is also deeply interesting—and highly multidisciplinary—from a scientific standpoint. 
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Q: What major hurdles, scientific or economic, remain for making fusion 
commercially viable?

A: Like I mentioned earlier, the current issue is making net energy from fusion. Reaching net-gain 
is an uphill battle, because in a fusion reactor you always have to put a little bit of output pow-
er into the system to keep the plasma contained and at a high enough temperature to be reactive. 
For a fusion reactor to be commercially viable, it has to produce more energy than is consumed in 
the plasma’s heating and containment. 
This is a worldwide competition; my 
team and I are working on a device 
called SPARC that’s geared towards 
reaching net-energy; there’s a Europe-
an project called ITER that has a sim-
ilar focus, and there’s probably going 
to be a few others that come along as 
well. The second issue around com-
mercial fusion power is how to extract 
power from such a delicate appara-
tus and convert it into useful forms–
mainly, electricity. Meeting these 
challenges and staying economically 
competitive while doing it will be tough. 

Q: Fusion has been called the energy of tomorrow, forever. What has it been 
like, working on such elusive technology?
A: That comment, while accurate and somewhat amusing, I have to say, was actually not totally cor-
rect. The fact is that fusion has made extraordinary advances. In the 1970s, we knew almost nothing 
about how to contain this material, an activity which is quite literally like holding a star, and heating 
it, controlling it, and making fusion reactions occur were all totally foreign. We’ve made staggering 
progress in all sorts of ways, especially in our predictive capabilities and in building practical fusion 
power plants—stuff that sounds like science fiction. We can and have made hundred million degree 
plasmas appear in our labs and we’ve generated over 10 million watts of pure fusion power. The 
thing that never got over the hump was making net energy from fusion, which is simultaneously a 
scientific challenge and an economic necessity. Fusion is still hard, and some of these challenges are 
still in front of us, but because of some of these technological and scientific breakthroughs, fusion 
went from being very far in the distant future to being much closer to today, and our own effort has 
been a major part of that. Trying to go faster in our development means taking on more risk, but 
you can’t just plod along when you’re facing something like the existential risk that is climate change. 

operates on an even smaller scale, channeling energy from the interactions of individual atoms. By 
working at such a minuscule level, fusion has energy density beyond almost any other fuel source 
imaginable. The key irony here is that there isn’t yet a single working fusion power plant, which begs 
the question: why am I calling fusion an ideal source? Well, fusion offers us not only a way to replace 
fossil fuels, but also a way to do it fast—and that speed is essential for avoiding climate disaster.

Image Credits:  Picture from Professor Dennis Whyte
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Q: What advice would you give to students today who are interested in this 
field and want to become involved?

Q: Have there been any particularly significant developments in fusion re-
cently?
A: Yes, and our newest reactor is based around one of them. Magnetic fusion, which has the most 
maturity of the approaches to make fusion work, relies on very strong magnetic fields, and so not 
only is the strength of the magnetic field the primary indicator, both energy-wise and econom-
ically, of the the reactor’s efficiency, but this efficiency also scales exponentially with the magnetic 
field’s strength. We happen to be living in a generation of incredible new advances in magnets and 
superconducting materials technology, and thanks to these materials we can double our magnet-
ic field’s strength and subsequently reap a 16, or even 32, times increase in our reactor efficiency. 
We recently celebrated the one year anniversary of demonstrating that exact technology here at 
MIT; in partnership with Commonwealth Fusion Systems, we created a new, superconductive mag-
netic containment coil that operated at twice the efficiency of our old ones. It is very, very rare in 
any field to have your technology become 3200% more efficient overnight, but that’s what we 
did. That kind of abrupt change just alters your perspective about what fusion power would real-
ly mean. I remember telling my family that it’s almost like fusion went from a theoretical construct 
to something that was in front of us, and that’s just amazing, but it also brings urgency. Since its 
inception, fusion has perpetually been 40 years away, but now that window’s shrunk to four years. 

A: That’s a great question, because it really ties into how the field of fusion is going. I think people look 
at fusion and think “oh, I’d have to be a theoretical physicist’’—and we do still need theoretical physi-
cists– but the very multi-faceted aspects of fusion design mean that almost all kinds of STEM degrees 
can be readily applied actually to fusion. We’re diving into so many engineering disciplines, material 
science, chemical engineering, mechanical engineering (with respect to heat transfer), and more. If 
you’re interested in this topic, don’t think that you have to be a theoretical physicist to make a contri-
bution—in fact, I think that in many ways the major contributions will come from those other areas. 

Jason Louie ‘25
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Science Digest

DART: FIRST STEP TOWARD 
PLANETARY DEFENSE
LUCAS WESTPHAL ‘25

References:
(1)Witze, Alexandra. “This Spacecraft Just Smashed into an Asteroid in an Attempt to Change Its Path.” 
Nature, 23 Sept. 2022, https://doi.org/10.1038/d41586-022-03030-x.

(2)Chang, Kenneth. “What We Learned from NASA’s DART Mission.” New York Times, Sept. 2022. The 
New York Times, www.nytimes.com/live/2022/09/26/science/nasa-dart-asteroid-mission. Accessed 8 
Dec. 2022.

(3)Chang, Kenneth. “What NASA’s Crash into an Asteroid Looks like.” New York Times,
27 Sept. 2022. New York Times, www.nytimes.com/2022/09/27/science/ nasa-dart-asteroid-photos.html. 
Accessed 8 Dec. 2022.

(4) Bartels, Meghan. “Behold the 1st Images of DART’s Wild Asteroid Crash!” Space.com, 27 Sept. 2022, 

On September 26, at 7:14 PM EST, a NASA 
spacecraft hurtled into the 160-meter long 
asteroid Dimorphos at a velocity of 14,000 
miles per hour (1, 2). The DART (Double As-
teroid Redirection Test) spacecraft slightly 
altered Dimorphos’ orbit around another as-
teroid, Didymos (1). At more than 11 million 
kilometers from earth, neither asteroid posed 
a threat to earth, but DART’s successful redi-
rection of Dimorphos confirms our ability to 
redirect any future threats (1). Scientists were 
not quite sure how an asteroid of Dimorphos’ 
size would react; the effects of increasing the 
kinetic energy of such a large asteroid by so 
much are hard to predict. Theoretically, DART 
operated according to simple laws of physics: 
the spacecraft collided against Dimorphos, 
which absorbed much of DART’s momentum 
and pushed the asteroid closer to Didymos. The aftermath of the crash will hopefully provide use-
ful insight into how an asteroid will react in the case of a real emergency. Logistically, however, 
this mission was more daunting, with Northeastern physics professor Jacquelin Mcleary compar-
ing the process to “shooting a bullet out of the sky with another bullet” (5). DART’s impact with 
Dimorphos was similar in caliber to “2.6 tons of TNT,” but the degree to which DART altered Di-
morphos’ orbit around Didymos is still unclear (5). If deemed successful by post-collision analysis, 
NASA’s DART mission serves as the first step towards a sophisticated planetary defense system (3). 

Scan here for more information!

Illustrated by Dianne Cao ‘24
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The last major Ebola virus outbreak occurred from 2018 - 2020 
with over 3,000 cases and 2,000 deaths. On September 20, Ugan-
da declared another outbreak in the district of Mubende. Two 
months later, six additional districts declared outbreaks, and all 
of their cases have been due to the Sudan Strain (1). Roughly 130 
cases were counted—48 of them fatal—resulting in an almost 50% 
death rate (2). Although vaccines have been developed for oth-
er strains of Ebola, none have been created for the Sudan strain 
(3). Thus, Ugandans are at serious risk due to the virus’s conta-
giousness and high mortality. Ebola is not as contagious as other 
viruses and only spreads through contact with the body fluids of 
an infected person (6). However, upon entering the body, the vi-
rus targets immune cells, specifically, dendritic cells that send 
a signal to the white blood cells to fight the disease. Since the vi-

References:
(1) “September 2022 Uganda.” Centers for Disease Control and Prevention, U.S.
Department of Health and Human Services, 17 Oct. 2022, https://www.cdc.gov/vhf/ebola/outbreaks/uganda/2022-sep.html#:~:text=This%20
marks%20the%20sixth%20EVD,Kassanda%2C%20Kagadi%2C%20Bunyangabu). Accessed 24 Oct. 2022.

(2) “Uganda Says Ebola Outbreak Death Toll Rises to 48.” Reuters, 3 Nov. 2022, www.reuters.com/world/africa/uganda-says-ebola-outbreak-
death-toll-rises-48-2022-11-03/. Accessed 5 Nov. 2022.
 
(3) Branswell, Helen. “Ebola Experimental Vaccine Trial May Begin Soon in Uganda.” Stat, 29 Sept. 2022, www.statnews.com/2022/09/29/
ebola-experimental-vaccine-trial-may-begin-soon-in-uganda/#:~:text=There%20are%20two%20licensed%20vaccines,not%20work%20
against%20this%20virus.Accessed 24 Oct. 2022.

rus targets the dendritic cells, the white blood cells do not receive the signal to target the infection, and 
the virus is left to grow (7). Initially, the symptoms of Ebola resemble the flu: high fever, headache, and 
body aches; however, as the severity progresses, patients may bleed from their eyes, ears, or nose and 
also cough up blood (6). If one is able to survive the high death rate, they are forced to deal with fur-
ther complications: memory loss, fatigue, headaches, vision issues, and/or joint pain (8). If not con-
tained, the Ebola virus will spread beyond Uganda and force neighboring countries to enter lockdown.

Illustrated by Dianne Cao ‘24

Scan here for more information!

(4) Sreenivas, Shishira. “Ebola Virus Infection.” WebMD, 7 Oct. 2022, www.webmd.com/a-to-z-guides/
ebola-fever-virus-infection#:~:text=Ebola%20is%20a%20rare%20but,leads%20to%20severe%2C%20
uncontrollable%20bleeding. Accessed 24 Oct. 2022.

(5) Servick, Kelly. “What Does Ebola Actually Do?” Science, American Association for the Advance-
ment of Science., 13 Aug. 2014, www.science.org/content/article/what-does-ebola-actually-do#:~:tex-
t=Ebola%20triggers%20a%20system%2Dwide,and%20consuming%20them%20from%20within. Ac-
cessed 6 Nov. 2022.

(6) “Survivors | Treatment | Ebola Virus.” Centers for Disease Control and Prevention, U.S. Depart-
ment of Health and Human Services, www.cdc.gov/vhf/ebola/treatment/survivors.html. Accessed 6 
Nov. 2022.
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As fires rage through California and the Pacific North West, 
researchers often overlook one main contributing factor: inva-
sive grasses. Although climate change, aridity, and manual fires 
contribute to starting these blazes, exotic grass species fuel these 
natural disasters. As fire regimes—a fire’s lasting pattern, fre-
quency and intensity in a specific area—of biomes change, exot-
ic grasses overtake increasing amounts of land. Playing a major 
role in igniting, fueling, and sustaining wildfires, invasive grasses 
are extremely detrimental to biomes across the United States.

References:
(1) Dudley, Tom L., et al. “Invasive Species and Fire in California Ecosystems.” Fremontia, vol. 38:2/38:3, 
2010, pp. 29-36, rivrlab.msi.ucsb.edu/sites/rivrlab.msi.ucsb.edu/files/publications/frem38.2_38.3_lam-
bert_etal.pdf. Accessed 16 Nov. 2022.

(2) Cornwall, Warren. “Fiery Invasions.” Science, www.science.org/content/article/flammable-inva-
sive-grasses-increasing-risk-devastating-wildfires. Accessed 12 Oct. 2022.

(3) Popular Science. 1 Nov. 2019, www.popsci.com/california-fires-invasive-grasses/. Accessed 12 Oct. 
2022.

In particular, California’s Great Basin faces the wrath of cheatgrass (Bromus tectorum), a grass that prospers 
among native shrubs. Because the species thrives on disturbed soil, versatile cheatgrass grows quickly in more 
rugged areas, forcing natural plants from their habitat (1, 2). More importantly, exotic grasses are extremely 
efficient fire kindlers. Dating to the mid-20th century, plant ecologists discovered how cheatgrass promotes 
a cycle of fire and regrowth, serving as “continuous standing fuel between shrubs” and native grasses (1). 

As fires spark in the Great Basin, the “blaze-tolerant” cheatgrass fuels destruction (2). Cheatgrass’s com-
bination of surviving in harsh living conditions and being able to kindle allows it to colonize territories 
of land and sustain a cycle of wildfires. When compared with native grasses, cheatgrass dries far earlier 
in the spring. However, because cheatgrass retains its stiff structure due to increased amounts of silica, 
it can still ignite (3). Taking hold of California, cheatgrass’s increased dryness promotes fire frequency, 
further intensifying the Great Basin’s fire regime.

As fires rage through America’s western states, ecologists and state programs, like the California Inva-
sive Plant Inventory and the Oregon Invasive Species Council, work to combat all invasive species alike. 
Combatting America’s wildfires is a lengthy process, requiring a nationwide effort. By effectively ad-
dressing and resolving the issue of invasive grasses, we can begin to reduce forest fires’ mass destruction. 

Illustrated by Dianne Cao ‘24

Scan here for more information!
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CRYING: ARE TEARS A NEW 
DIAGNOSTIC TOOL?
CHLOE LI ‘25

References:
(1)American Chemical Society. “’iTEARS’ could help diagnose diseases by isolating biomarkers in tears.” 
ScienceDaily. ScienceDaily, 20 July 2022. <www.sciencedaily.com/releases/2022/07/220720084252.htm>.

(2) Puiu, Tibi. “This device can help diagnose diseases from your tears.” ZME Science, 22 July 2022, 
https://www.zmescience.com/science/news-science/this-device-can-diagnose-diseases-from-your-tears-
in-under-5-minutes/. 

(3) Barmada, Anis. “Your Tears Might Save Your Life Someday.” Scientific American, 19 November 2020, 
https://www.scientificamerican.com/article/your-tears-might-save-your-life-someday/. 

(4) Hu, Liang, et al. “Discovering the Secret of Diseases by Incorporated Tear Exosomes Analysis via 
Rapid-Isolation System: iTEARS.” Acs Nano, vol. 16, no. 8, July 2022, pp. 11720-11732, https://doi.

Crying won’t solve anything: a common misconcep-
tion disproven by the work of Luke Lee, Fei Liu, and 
their colleagues. While crying may not immediate-
ly resolve all problems, tears can actually be used to 
identify diseases and track their progressions. Lee 
and Liu’s team modified a nanomembrane system 
originally designed for urine and plasma to create 
technology that can use low volume of tears to ana-
lyze disease markers (1). This technology is possible 
due to the extracellular, vesicular structures known 
as exosomes (1). Essential for cell-to-cell communi-
cation and vital for both physiological and patholog-
ical processes, exosomes can be found in most bodily 
fluids, including blood, urine, breast milk, and tears 

Scan here for more information!

(2). The exosomes extracted from tears contain specific immune response-related proteins or genes that 
can serve as disease biomarkers for scientists to identify (1, 4). Liu and Lee’s work, named iTEARS (in-
corporated tear exosomes analysis via rapid isolation system), can provide results in merely five minutes, 
contrary to the longer time periods needed for current technologies such as size exclusion chromatogra-
phy and ultracentrifugation (2). Not only have tears made disease screening processes significantly more 
accessible, but they have also proven to be a more trustworthy, less invasive method to diagnose diseas-
es (1). Technology incorporating tears has led to many potential innovations, including smart contact 
lenses that monitor biomarkers to prevent diseases from progressing (1). As of now, iTEARS has been 
used to identify dry eye disease and diabetic retinopathy, but researchers hope to expand the system to 
diagnose an even wider range of diseases, including cancer, cystic fibrosis, and Parkinson’s Disease (2, 3).

Illustrated by Dianne Cao ‘24



Articles

11

The sayings “money can’t buy happiness” and “mon-
ey buys happiness” are two contradictory clichés used 
quite frequently–but are either of them even true? Pri-
or to researching this question, economists construct-
ed definitions for the intangible concept of ‘happiness’ 
in order to see how it correlates with income. Most 
studies define one’s level of ‘well-being’ in two ways. 
Experienced well-being is the sentiment and frequen-
cy of common day-to-day emotions, while evaluative 
well-being is the sentiment of the reflection one has 
on their life (6, 7). These terms were defined by Kill-
ingsworth’s 2021 study (7). This study was inspired 
by a famous 2010 Princeton study which concluded 
that, while evaluative well-being increased indefinitely 
as income increased, experienced well-being stopped 
increasing at an income of about $75,000 per year 
(6). Adjusted for inflation, that’s an income of about 
$100,000 in today’s dollars (4, 5). 

Killingsworth’s study made many improvements in 
its procedure when compared to earlier studies in the 
field. Unlike the Princeton study, which asked people 
their experienced well-being for the day before, Kill-
ingsworth’s study surveyed experienced well-being 
categories using an app. This allowed Killingsworth 
to measure in-the-moment emotions and avoid some 
error from respondents’ memories. That improvement 
was combined with a larger sample size including 
more large earners, allowing his study to avoid a gen-
eralized ‘$120,000 and above’ income category which 
Princeton’s study had to create. Finally, Killingsworth 
measured experienced well-being on a scale from one 
to ten, unlike the Princeton study, which used yes and 
no responses (7). All of these improvements likely led 
to the discrepancy in the conclusions of the two stud-
ies.

Killingsworth’s study considered 1.7 million reports 
from 33,000 people, and it analyzed its findings on a 
logarithmic scale. Notably, Killingsworth’s study con-
cluded that evaluative well-being increases as income 
does, even beyond the $75,000 per year threshold. 
This recent revelation, as well as other findings from 
the 2021 study, paint a fascinating picture of how 

money and happiness intersect. Killingsworth’s study 
identified a linear relationship between log(income) 
and evaluative and experienced well-being. (Evalua-
tive and experienced well-being were both disclosed 
by participants with a numerical rating, allowing this 
relationship to be identified.) The linear relation to 
log(income) means that each dollar doesn’t improve 
well-being by the same amount at different income 
levels. Instead, receiving a 20% bonus would have a 
similar increase in a category of well-being regardless 
of if a person made $30,000 or $1,000,000. However, 
one person would receive a bonus of $6,000, while the 
other would receive a bonus of $200,000 (7)! While 
this conclusion seems shocking, it makes sense in re-
gards to how we perceive things; for example, stimuli 
from light and sound are analyzed on a log scale (6). 
Notably, the linear relationship between log(income) 
and well-being is steeper for evaluative well-being, 
meaning that one’s long-term “life satisfaction” is im-
pacted more from a change in income than their day-
to-day emotions are (7).

In addition to investigating general day-to-day 
well-being, Killingsworth’s study also considered data 
collected regarding specific emotions a person might 
experience. The study’s discussion states, “larger in-
comes were associated with significantly higher levels 
of all positive feelings and significantly lower levels of 
all negative feelings,” further demonstrating the pow-
er money can play in improving one’s emotions (7). 
Here, the exact income level does seem to affect the 
results more; Killingsworth’s discussion states, “larger 
incomes for lower earners disproportionately reduced 
negative feelings, while larger incomes for higher 
earners disproportionately increased positive feelings” 
(7). More specifically, Killingsworth found that below 

CAN MONEY BUY HAPPINESS?
Devan Agrawal ‘25
Illustrated by Dianne Cao ‘24



Articles

12

an income of $80,000, all negative emotion frequen-
cies decreased, but above $80,000, frequency of the 
emotions ‘afraid,’ ‘angry,’ and ‘stressed’ didn’t decrease 
significantly (7). In fact, “high earners…reported feel-
ing far more stressed about time” (7). Meanwhile, the 
frequency of the emotion ‘inspired’ only increased 
significantly above an income of $80,000 for the data 
collected (7).

While Killingsworth did find that income influences 
happiness, he carefully notes pitfalls to avoid when 
considering the findings in your own life. As he ex-
plained to a CNN reporter, if one “defined their per-
sonal success in terms of money, they tended on av-
erage to be less happy…You want to have it, but you 
want to not care too much about it” (2). 

In addition, Killingsworth noted money’s relatively 
small weight in the happiness equation when com-
pared to other factors (3, 10). Furthermore, Killing-
sworth notes the varying importance of money to 
different people in improving well-being (7). As he 
explained it in an interview, “if I look at all the peo-
ple who said money isn’t very important, then [their 
income] barely mattered for their happiness…who-
ever in the survey said money doesn’t matter was ac-
tually right” (10). While those people’s income had a 
far smaller effect on their happiness, it did affect their 
happiness in comparison to others at their income lev-
el. Killingsworth’s study notes that those who made a 
smaller salary and believed money was less relevant to 
their happiness were more happy than those with the 
same salary who believed otherwise. Meanwhile, peo-
ple who believed money strongly impacted happiness 
were happier than those who didn’t if they both had a 
larger salary (7). 

Why money impacts happiness has also been re-
searched. While outside the main focus of his study, 
Killingworth’s discussion proposed that, perhaps, 
“people spend money to reduce suffering and increase 
enjoyment,” and that dollars are initially spent to avoid 
suffering before then going towards increasing joy (7). 
His data on the frequency of different feelings supports 
this theory. Killingsworth also theorizes that control 
improves one’s happiness (7). As a Penn article states, 
“having more money gives a person more choices and 
a greater sense of autonomy” (8). That article gave the 
example of freedom in your ability to wait when find-

ing a job (8). Jon Jachimowicz, a professor at Harvard 
Business School, gives other examples of control pro-
vided by money; specifically, he mentions calling an 
Uber at a convenient time and handling an unforeseen 
bill without issue. Jachomiwicz also considers the oth-
er side of the coin, namely that poorer people have less 
control over their lives. He states that an improvement 
to current systems, such as the public transport sys-
tem, could help introduce more choice for all income 
levels. Jachimowicz’s research also finds that, while 
most people have similar amounts of stress-causing 
events, “money reduces intense stress.” In addition to 
large stressors, money is useful in solving day-to-day 
problems, tying back to a theme of how control and 
freedom can be provided by money (9).

How one spends their money also affects their 
well-being. Sarah Gervais, a psychology professor and 
researcher, notes that when spending bonuses, people 
“report greater happiness when they spend the bonus 
money on others or donate it to charity…regardless 
of how big the bonus was” (1). This theme general-
ly remains true outside of bonuses, (assuming given 
income is excess). Nonetheless, it introduces an in-
teresting question of whether people can be ‘selfishly 
selfless’; in other words, do people mainly give back 
because of the benefits to their own well-being? In 
addition to giving to others, there’s research on how 
money is best spent on yourself, too. Elizabeth Dunn, 
a British Columbia psychology professor, found that 
buying experiences is more effective at improving 
well-being than purchasing objects. (2) This was true 
both because of the social and relational benefits ex-
periences offer and because “experiences seem to be 
more deeply connected to our sense of self ” (2). An 
experience can connect deeper to one’s identity than 
an object, partially because it can impact one’s identity 
more (2). 

Ultimately, “money can’t buy happiness” appears to 
be a false claim; money can improve both day-to-day 
emotions and evaluative well-being. One factor this 
improvement stems from is increased control over 
one’s life. This factor could be mitigated by providing 
more options for people with lower-incomes, so it’s 
possible that money doesn’t have to play as large of 
a role in happiness as it does now. Already, it is only 
one of many factors which affect happiness. Further-
more, the benefits of extra income are less impactful 
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per dollar as your income increases, and over fixat-
ing on income when you already have enough can be 
detrimental to happiness. Finally, after taking home a 
salary, spending a little extra on charities and expe-

riences can really improve one’s happiness. Spending 
your money well is just as important as making it, and 
if done right, both earning and spending money can 
improve your well-being.



What do you think happens when you add up all the 
natural numbers? I’m talking about:

all the way up to infinity.

Your first hunch would probably be: “Oh, that’s just 
infinity. What else can it be? What kind of question is 
that?”

If you paid close attention to the back cover of the pre-
vious edition of Helix, though, you might remember 
that I said:

It is 

But how? How could this be? Why assign an arbitrary 
negative fraction as the result of an infinite sum that 
only involves positive whole numbers? To find out 
how this disturbing and extremely controversial an-
swer came to be, we need to look at some other infinite 
sums first that constitute a very astonishing proof by 
physicist Edmund Copeland from the University of 
Nottingham. (1)

First of all, let us look at a particular infinite sum, 
more commonly known as Grandi’s series, and define 
it as S1. (2) This is given by:

You may have learned from math class that this sum 
is divergent; simply put, it has no answer—it could be 
1 or 0 depending on where you stop the sum. (1) But 
let’s observe what happens if we subtract this sequence 
from 1:

Yes, folks: the result of an alternating sum of an in-
finite number of ones is, or at least could be, ½.

Let’s look at another sequence, named S2. This is the 
infinite alternating sum—meaning a “plus minus plus 
minus” pattern – of all natural numbers:

Now, we add S2 to itself, creating two times S2. In the 
process, we perform a “sleight of hand” and shift the 
bottom S2 right one term before adding them term by 
term:

Looks like cheating, but it’s actually not; in the big-
ger scheme of things, shifting a sequence by one term 
means that a zero term is added to the front of the 
sequence (as shown above), and therefore does not ul-
timately change the sequence. But, look what we have 
obtained here! If the resulting sequence rings a bell to 
you, then you’re right: it is Grandi’s Series, S1, which 
we had determined before as ½. 2S2 = ½, and there-
fore, S2 = ¼. (And mind = blown.)

Now, the kicker. We can use S2 to figure out the sum of 
all natural numbers which we shall call S(1):

Let us subtract S2 from S.

If we cancel out the zeros, the resulting sum is, in fact, 
exactly four times what we are looking for:
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THE DODGIEST PROOF 
IN MATHEMATICS?
BEN KIM ‘22
Milton Alumnus
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Armed with this discovery and the fact that S2 was 
determined to be ¼, we can solve for S(1):

Et voilà. The disturbing answer is now in its final 
form.

What should we do, though, with this? (Should we 
rename infinity to just be -1/12? Can infinity really 
be just another point on the real number line?)

Don’t worry; math as you know it hasn’t crumbled 
down. Sometimes, the solution to an equation is 
not always clear-cut. Rather, it depends on the 
realm of math that the problem deals with. For ex-
ample, in non-Euclidean geometry, parallel lines 
may intersect; in non-zero Gaussian curvature, a 
3- or 5-sided square may exist (defining “square” as 
a geometric shape with sides of equal length whose 
internal angles are all 90 degrees). (3) Similarly, in 
the still-developing discipline of string theory, it is 
often preferable to attach a value to some infinite 
sums rather than hastily concluding it to be infini-
ty. As Tony Padilla, another University of Notting-
ham physicist, puts it: “In my opinion, as a physi-
cist, infinity has no place in physical observables… 
The trouble is that these divergent sums… do ap-
pear in calculations of physical observables, such 
as the Casimir energy, or in the dimensionality of 
the Universe in bosonic string theory.” (4) In fact, 
the Casimir Effect, an attractive force between two 
uncharged conductive plates, entails the sum of 
natural numbers—if it were to diverge, then there 
would be an infinite amount of energy between the 
two plates, which cannot be true. (5) Therefore, 
physicists would use the next most “sensible” sum: 
-1/12.

Whether you agree with this result or not, this in-
triguing infinite series is a testament to the rather 
beautiful ability of mathematics to sometimes—
erroneously or not—generate totally unexpected 
results. Anna Yang ‘23
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“The problem stems from the inefficiencies of cows.”“The problem stems from the inefficiencies of cows.”
Human scientists: Meat consumption crisis? Not our problem!Human scientists: Meat consumption crisis? Not our problem!

“The main difference is that plant-based meat is meat that creates the same “The main difference is that plant-based meat is meat that creates the same 
texture as meat.”texture as meat.”
The main difference between you and me is that I am me. The main difference between you and me is that I am me. 

“The physics that explains how everything works is quantum physics.”“The physics that explains how everything works is quantum physics.”
What if I want to know why College X rejected me? It’s not “randomness,” What if I want to know why College X rejected me? It’s not “randomness,” 
it’s “Schrodinger’s catness.”it’s “Schrodinger’s catness.”

“Understanding the photosynthesis process requires obtaining knowledge “Understanding the photosynthesis process requires obtaining knowledge 
about the sequence of events in the process of photosynthesis.”about the sequence of events in the process of photosynthesis.”
Good luck on your test, Honors Bio peeps.Good luck on your test, Honors Bio peeps.

“Scrolling through social media is essentially gambling… [but] it doesn’t “Scrolling through social media is essentially gambling… [but] it doesn’t 
seem like you’ll ever run out of chips.”seem like you’ll ever run out of chips.”
So……… that’s a huge gamble.So……… that’s a huge gamble.
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