
The First Law of Thermodynamics 

You are the proud owner of a remarkable machine: 

the human body. How it is constructed and how it 

functions are described in the seemingly hundreds of 

thousands of pages that medical students have to read 

and memorize. Anatomy tells us about the moveable parts 

that make up the machine; physiology shows us how they 

work; biochemistry teaches us how atoms, molecules, 

minerals, hormones and enzymes build, repair and 

nourish the infinite number of cells that are the real 

building blocks of life. 

     Let's talk about another area of science, however, 

and how it relates to you and your daily activities: 

physics. Do you remember this difficult subject from 

high school? You probably recall that it usually deals 

with inanimate objects, namely bouncing balls, sound 

waves and acceleration due to gravity. Studying 

pressure, volume and temperature is not as exciting as 

dissecting frogs or bubbling organic chemicals. I bet 

that you forgot most of this subject by the time of 

graduation, maybe even sooner. 

    But physics is very much a part of who we are and what 

we look like. Specifically, America's worst vital sign, our 

weight, depends almost entirely on one of the 

indisputable rules of science: The First Law of 

Thermodynamics. This is one of those laws that even a 



Justice of the Supreme Court cannot override; even a 

character reference from your grandmother can't help. 

You know this principle partially from the colloquial 

expression "you are what you eat" but that's only part of 

the picture. 

     The First Law of Thermodynamics was discovered 

around 1878 when physicists explored the properties of 

heat, energy and chemical molecules. They found that 

"matter can neither be created nor destroyed in a 

chemical reaction". Here's a very simple example: when 

water boils, it changes shape (into steam, then vapor) 

and heat is transferred from the flame to the warmer 

water vapor. Put another way, "energy (heat) can be 

transferred from one system to another in many forms, 

but it cannot be created nor destroyed."  

     I bet that you are wondering how this applies to you. 

Think of yourself as the aforementioned "system" and 

focus on the aforementioned "transfer of energy". Let's 

call it by its usual name: eating. Every morsel of food 

that you swallow is a potential source of energy. The 

pasta that a marathon runner eats the night before a 

competition goes directly to his or her leg muscles and 

liver to be called on the next day. Of course you know 

the name that we use to measure the amount of potential 

energy in a given food: a calorie. And, in a re-phrasing 

of The First Law of Thermodynamics, you cannot get 



more energy out of a system than you put into it, just 

like your bank account. If you find out a way to withdraw 

$10,000 after a $20 deposit, I get the first telephone 

call. 

     And just like your bank account, the human body is 

eminently capable of storage. The bank keeps your money 

in the vault; you can easily see stored "energy" around 

your midriff and hips. Through a remarkable and well-

studied series of biochemical transformations, excess 

potential energy (as calories) that is not currently 

needed is put away for a rainy day, so to speak. The 

original components of food are broken down and 

transformed into the storage form of sugar (glycogen) 

and, when these are maximally created, into the most 

infamous storage molecule of all, fat. ATP, a complex 

molecule that supplies the "spark" your muscles need to 

move, is also stored inside tiny "containers" 

(mitochondria) in every living cell. 

     But you have only heard about one-half of the story; 

we now can look at the other side of the coin, namely the 

expenditure of energy. You know it as "burning off 

calories", and the expression is a particularly 

descriptive one. As the marathon runner races around 

the city, he or she is calling upon those stored forms of 

energy in ways that are visibly quite obvious: the leg 

muscles are moving very quickly and the athlete is very 



warm. We cannot know if the individual is "burning off" 

food from breakfast, yesterday's pasta meal or 

Thanksgiving dinner. We definitely know, however, that a 

car without fuel goes nowhere.  

    Americans and their overweight brethren all over the 

world are convinced that there is a way to eat 

themselves to thinness. People have searched for a diet 

that allows you to eat food that somehow circumvents 

the metamorphosis of excess calories into fat. But since 

we are biochemical machines made up of organic 

molecules that must obey The First Law of 

Thermodynamics, this is impossible. I find this sad but 

true fact very liberating: it's just one of those great 

secrets about life and our fascinating bodies. But you 

may find this very depressing. Get over it. 

     Can we now spell out how The First Law of 

Thermodynamics applies to you and everyone, thin or fat, 

that you have ever known? Let's focus on what I like to 

refer to as the Mathematics of Dieting. In brief, 3500 

calories of food is equivalent to one pound of body 

weight. However, whenever and whatever you eat, this 

rule is inflexible. If you eat "too much" of anything, you 

will "store" the overage according to that equation.  

     On the other hand, various activities are potential 

ways of "burning it off". And since The First Law of 

Thermodynamics applies to both intake and output (or 



deposits and withdrawals, to follow the bank metaphor), 

you must somehow utilize an extra 3500 calories in 

order to lose one pound of body fat. These 3500 

calories cannot be "burned off" at once: sitting in a 

steam room, taking a water pill and fasting are not viable 

ways of losing weight. According to the Mathematics of 

Dieting, some activities are more time-efficient than 

others, but some might not be realistically within your 

abilities.  

     Nevertheless, physical exercise creates what is 

referred to in physics as a "sink"--a way to liberate food 

from its stored form, turn it back into useable fuel and 

return it back to the outside world (as heat, sweat, 

carbon dioxide, water and a few very smelly substances). 

Depending on your preferences, abilities, determination 

and social approval, you can erase the caloric load of 

cheeseburgers, sushi or salads by gardening (-250 

calories/hour), jogging      (-500 calories/hour), 

skipping rope (-700 calories/hour) and dozens of other 

less strenuous ways.  

    The Park Avenue Plan enlists the unprecedented aid 

of seven experts in areas ranging from nutrition to 

skincare, from hairstyling to interpersonal skills. These 

sciences of course are somewhat less precisely defined 

than anatomy, biochemistry and your new favorite, 

physics.  



You may break the traffic rules, you might even 

violate the Ten Commandments, but you will never, ever 

disobey The First Law of Thermodynamics. 


