FIRST LAW OF THERMODYNAMICS PRACTICE PROBLEMS

FIRsT LAW oF THERMODYNAMICS PRACTICE PROBLEMS: MASTER ENERGY
CONSERVATION

S0, YOU'RE TACKLING THE FIRST LAW OF THERMODYNAMICS? THAT'S FANTASTIC! THIS FUNDAMENTAL PRINCIPLE OF PHYSICS,
GOVERNING THE CONSERVATION OF ENERGY, CAN SEEM DAUNTING AT FIRST, BUT WITH THE RIGHT APPROACH, IT BECOMES
REMARKABLY STRAIGHTFORWARD. THIS POST IS YOUR ULTIMATE GUIDE, PACKED WITH FIRST LAW OF THERMODYNAMICS
PRACTICE PROBLEMS TO HELP YOU MASTER THIS CRUCIAL CONCEPT. W/E'LL MOVE FROM BASIC EXAMPLES TO MORE CHALLENGING
ONES, PROVIDING DETAILED SOLUTIONS ALONG THE WAY. GET READY TO BOOST YOUR UNDERSTANDING AND ACE THOSE
UPCOMING EXAMS!

UNDERSTANDING THE FIRST LAW: A QuICK REFRESHER

BEFORE DIVING INTO THE FIRST LAW OF THERMODYNAMICS PRACTICE PROBLEMS, LET’S BRIEFLY REVIEW THE CORE PRINCIPLE. THE
FIRST LAW ESSENTIALLY STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED FROM ONE FORM TO
ANOTHER. MATHEMATICALLY, IT'S EXPRESSED AS:

AU=Q - W

\X/HERE:

AU REPRESENTS THE CHANGE IN INTERNAL ENERGY OF A SYSTEM. THIS IS THE ENERGY STORED WITHIN THE SYSTEM ITSELF.

QQ REPRESENTS THE HEAT ADDED TO THE SYSTEM. A POSITIVE Q INDICATES HEAT ADDED, WHILE A NEGATIVE Q INDICATES HEAT
REMOVED.

\X/ REPRESENTS THE WORK DONE BY THE SYSTEM. A POSITIVE W INDICATES WORK DONE BY THE SYSTEM, WHILE A NEGATIVE W/

INDICATES WORK DONE ON THE SYSTEM.

REMEMBER THE SIGN CONVENTIONS — THEY'RE CRUCIAL FOR ACCURATELY SOLVING PROBLEMS.

FiIrRsT LAW OF THERMODYNAMICS PRACTICE PROBLEMS: BEGINNER LEVEL

LET'S START WITH SOME SIMPLER PROBLEMS TO BUILD YOUR CONFIDENCE.

ProBLEM 1: A sYsTEM ABSORBS 100 J oF HEAT AND DOES 40 J oF WORK. WHAT IS THE CHANGE IN INTERNAL ENERGY OF THE
SYSTEM?

SoLuTION: WE USE THE FORMULA: AU = Q - W. Q = +100 J (HeAT ADDED), W = +40 J (WORK DONE BY THE SYSTEM).
THererore, AU = 100]J - 40 ) = 60 J. THE INTERNAL ENERGY OF THE SYSTEM INCREASES BY 60 J.

PrROBLEM 2: A GAS IS COMPRESSED, AND 50 J OF WORK IS DONE ON THE SYSTEM. THE INTERNAL ENERGY OF THE GAS INCREASES
BY 80 J. HOW MUCH HEAT IS EXCHANGED WITH THE SURROUNDINGS?

SoLuTion: Here, W = -50 J (WoRk DONE ON THE SYSTEM), AND AU = +80 J. USING THE FORMULA, WE HAVE: 80 ) = Q -
(-50J). SoLvinG For Q, WE GET Q = 30 J. THIS MEANS 30 ] OF HEAT IS RELEASED BY THE SYSTEM TO THE SURROUNDINGS.

PROBLEM 3: A SYSTEM UNDERGOES A PROCESS WHERE ITS INTERNAL ENERGY DECREASES BY 25 J, AND IT RELEASES 15 J OF
HEAT. HOW MUCH WORK IS DONE BY THE SYSTEM?

SoLuTion: AU = -25 J (INTERNAL ENERGY DECREASES), Q = - 15 J (HEAT RELEASED). USING THE FORMULA, =25 ) =-15 -
W. SoLVING FOR W/, WE GET W = 10 J. THE SYSTEM DOES 10 J OF WORK.



FiIrsT LAW OF THERMODYNAMICS PRACTICE PROBLEMS: INTERMEDIATE LEVEL

NOw LET’S TACKLE SOME PROBLEMS THAT REQUIRE A BIT MORE THINKING.

PROBLEM 4: AN IDEAL GAS EXPANDS ADIABATICALLY (NO HEAT EXCHANGE) AND DOES 200 J OF WORK. WHAT IS THE CHANGE
IN THE INTERNAL ENERGY OF THE GAS?

SOLUTION: SINCE THE PROCESS IS ADIABATIC, Q = 0. THererore, AU = 0 - 200 J =-200 J. THE INTERNAL ENERGY OF THE
GAS DECREASES BY 200 J. THIS DECREASE IN INTERNAL ENERGY IS DIRECTLY CONVERTED INTO THE WORK DONE BY THE GAS.

PROBLEM 5: A PISTON-CYLINDER SYSTEM CONTAINS 1 MOLE OF AN IDEAL GAS. THE GAS IS HEATED AT CONSTANT PRESSURE,
ABSORBING 500 J OF HEAT. THE GAS EXPANDS, DOING 200 J oF WORK. W/HAT IS THE CHANGE IN INTERNAL ENERGY OF THE
GAS?

SoLuTion: Q =+500]J, W = +200 J. THererore, AU = 500 J - 200 J = 300 J. THE INTERNAL ENERGY OF THE GAS
INCREASES BY 300 J.

PROBLEM 6: A SYSTEM UNDERGOES A CYCLIC PROCESS. THE NET WORK DONE BY THE SYSTEM IS 150 J. WHAT IS THE NET HEAT
EXCHANGED DURING THE CYCLE?

SOLUTION: IN A CYCLIC PROCESS, THE SYSTEM RETURNS TO ITS INITIAL STATE, MEANING AU = 0. THererorg, 0 = Q - W.
SINcE W = 150 J, Q= 150 . THE NET HEAT ADDED TO THE SYSTEM DURING THE CYCLE IS 150 J.

FiIrsT LAW OF THERMODYNAMICS PRACTICE PROBLEMS; ADVANCED LEVEL

PROBLEM 7: A HEAT ENGINE ABSORBS 800 J OF HEAT FROM A HIGH-TEMPERATURE RESERVOIR AND DOES 300 J oF woRrk. How
MUCH HEAT IS EXPELLED TO A LOW-TEMPERATURE RESERVOIR? W/HAT IS THE EFFICIENCY OF THIS ENGINE?

SoLuTIoN: THE HEAT ABSORBED IS QIN = 800 J, AND THE WoRk DONE IS W = 300 J. UsING THE FIRST LAwW, AU = 0 For A
COMPLETE CYCLE (WE'RE ASSUMING IT'S A COMPLETE CYCLE FOR THIS HEAT ENGINE). THEREFORE, QIN = W/ + QOUT. SOLVING
FOR QouT (HEAT EXPELLED), WE GET QouT = 800 J - 300 ) = 500 J. THe erriciency Is GIvVen BY (W / QIN) 100% =
(300)J/800)J) 1009% = 37.5%.

PROBLEM 8: A REFRIGERATOR ABSORBS 200 J OF HEAT FROM A LOW-TEMPERATURE RESERVOIR AND EXPELS 300 J OF HEAT TO
A HIGH-TEMPERA TURE RESERVOIR. HOW MUCH WORK MUST BE DONE ON THE REFRIGERATOR?
SoLUTION: THE WORK DONE ON THE REFRIGERATOR IS W. QIN = 200 J, QouT = -300 J (HeAT expeLLED). AU = 0 For A

COMPLETE CYCLE. THererore, O = 200 J - 300 - W, SoLviING For W/, we FIND W = -100 J (Meaning 100 J oF work
MUST BE DONE ON THE REFRIGERATOR).

CoNcLUSION

BY WORKING THROUGH THESE FIRST LAW OF THERMODYNAMICS PRACTICE PROBLEMS, YOU'VE SIGNIFICANTLY IMPROVED YOUR
UNDERSTANDING OF ENERGY CONSERVATION. REMEMBER TO PRACTICE CONSISTENTLY, FOCUSING ON THE SIGN CONVENTIONS AND
APPLYING THE FORMULA CORRECTLY. W/ITH ENOUGH PRACTICE, YOU'LL CONFIDENTLY SOLVE EVEN THE MOST COMPLEX
PROBLEMS. KEEP PRACTICING AND REMEMBER — MASTERY COMES WITH PERSISTENT EFFORT!

FAQs

1. W/HAT HAPPENS IF WORK IS DONE ON THE SYSTEM INSTEAD OF BY THE SYSTEM?



THE WORK TERM (\X/) BECOMES NEGATIVE IN THE EQUATION. THIS INDICATES THAT ENERGY IS BEING ADDED TO THE SYSTEM
THROUGH \WORK.

1. CAN THE INTERNAL ENERGY OF A SYSTEM BE NEGATIVE?

INTERNAL ENERGY IS A RELATIVE MEASURE;, IT'S THE ENERGY CONTENT RELATIVE TO A REFERENCE POINT. WHILE A CHANGE IN
INTERNAL ENERGY CAN BE NEGATIVE, THE ABSOLUTE INTERNAL ENERGY IS ALWAYS POSITIVE.

1. How DoES THE FIRST LAW RELATE TO OTHER LAWS OF THERMODYNAMICS?

THE FIRST LAW IS THE FOUNDATION UPON WHICH THE OTHER LAWS ARE BUILT. THE SECOND LAW DEALS WITH THE DIRECTION
OF ENERGY TRANSFER, AND THE THIRD LAW DEALS WITH ABSOLUTE ZERO.

1. ARE THERE ANY EXCEPTIONS TO THE FIRST LAW OF THERMODYNAMICS?

NO, THE FIRST LAW IS A FUNDAMENTAL PRINCIPLE OF PHYSICS, AND NO VERIFIABLE EXCEPTIONS HAVE BEEN FOUND.

1. How CAN | IMPROVE MY PROBLEM-SOLVING SKILLS IN THERMODYNAMICS?

PRACTICE CONSISTENTLY WITH VARIOUS PROBLEM TYPES, UNDERSTAND THE UNDERLYING CONCEPTS, DRAW DIAGRAMS, AND
CHECK YOUR UNITS AT EACH STEP OF THE CALCULATION. SEEK HELP WHEN NEEDED AND DON'T BE AFRAID TO ASK QUESTIONS.
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