PHYSICS UNIT | REVIEW

MASTERING PHYsICS UNIT 1: A COMPREHENSIVE REVIEW

PHYSICS UNIT 1 REVIEW IS CRUCIAL FOR BUILDING A STRONG FOUNDATION IN THE SUBJECT. THIS COMPREHENSIVE GUIDE AIMS TO
DEMYSTIFY THE CORE CONCEPTS, PROVIDING YOU WITH THE KNOWLEDGE AND CONFIDENCE NEEDED TO EXCEL. WE’LL DELVE INTO
THE FUNDAMENTAL PRINCIPLES OF MECHANICS, EXPLORE THE LAWS THAT GOVERN MOTION AND FORCES, AND EXAMINE THE
ESSENTIAL TOOLS AND TECHNIQUES USED BY PHYSICISTS. W/HETHER YOU'RE ENCOUNTERING THESE IDEAS FOR THE FIRST TIME OR
SEEKING TO SOLIDIFY YOUR UNDERSTANDING, THIS REVIEW WILL EQUIP YOU WITH A CLEAR ROADMAP. FROM UNDERSTANDING
VECTORS TO GRASPING NEWTON'S LAWS, WE'LL COVER IT ALL, ENSURING YOU'RE WELL-PREPARED FOR ASSESSMENTS AND
FUTURE PHYSICS STUDIES. LET'S EMBARK ON THIS INSIGHTFUL JOURNEY TOGETHER AND UNLOCK THE SECRETS OF INTRODUCTORY
PHYSICS.
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INTRODUCTION TO PHYSICS AND MEASUREMENT

PHYSICS/ AT ITS HEART, IS THE STUDY OF THE UNIVERSE, FROM THE TINIEST SUBATOMIC PARTICLES TO THE VAST COSMIC
STRUCTURES. |T SEEKS TO UNDERSTAND THE FUNDAMENTAL LAWS THAT GOVERN EVERYTHING WE OBSERVE. THIS PURSUIT OF
KNOWLEDGE BEGINS WITH THE ABILITY TO ACCURATELY DESCRIBE AND QUANTIFY PHYSICAL PHENOMENA. MEASUREMENT IS THE
BEDROCK OF PHYSICS, ALLOWING US TO TRANSLATE ABSTRACT CONCEPTS INTO TANGIBLE, NUMERICAL DATA. W ITHoUT
PRECISE MEASUREMENTS, OUR THEORIES WOULD REMAIN SPECULATIVE, LACKING EMPIRICAL EVIDENCE TO SUPPORT THEM.

THE IMPORTANCE OF UNITS AND SIGNIFICANT FIGURES

UNDERSTANDING UNITS IS PARAMOUNT. A NUMBER WITHOUT A UNIT IS ESSENTIALLY MEANINGLESS IN A PHYSICAL CONTEXT.
\W/HETHER WE'RE DISCUSSING DISTANCE IN METERS, TIME IN SECONDS, OR MASS IN KILOGRAMS, THE UNIT PROVIDES CRUCIAL
CONTEXT. INCONSISTENCIES IN UNITS CAN LEAD TO SIGNIFICANT ERRORS IN CALCULATIONS, A COMMON PITFALL FOR MANY
STUDENTS. FURTHERMORE, THE CONCEPT OF SIGNIFICANT FIGURES IS VITAL FOR REFLECTING THE PRECISION OF A MEASUREMENT.
[T TELLS US HOW RELIABLE OUR MEASURED VALUE IS. USING THE CORRECT NUMBER OF SIGNIFICANT FIGURES IN CALCULATIONS
ENSURES THAT OUR FINAL ANSWER DOESN'T IMPLY A LEVEL OF ACCURACY THAT WASN'T PRESENT IN THE ORIGINAL DATA.

SCIENTIFIC NOTATION AND DIMENSIONAL ANALYSIS

W/HEN DEALING WITH VERY LARGE OR VERY SMALL NUMBERS, SCIENTIFIC NOTATION BECOMES AN INDISPENSABLE TOOL. IT
PROVIDES A CONCISE AND STANDARDIZED WAY TO EXPRESS THESE MAGNITUDES, MAKING THEM EASIER TO WORK WITH AND
COMPARE. THINK ABOUT THE DISTANCE TO A STAR OR THE SIZE OF AN ATOM; SCIENTIFIC NOTATION MAKES THESE NUMBERS
MANAGEABLE. EQUALLY IMPORTANT IS DIMENSIONAL ANALYSIS, A TECHNIQUE USED TO CHECK THE CONSISTENCY OF UNITS IN AN
EQUATION. BY TREATING UNITS LIKE ALGEBRAIC QUANTITIES, WE CAN ENSURE THAT OUR EQUATIONS ARE PHYSICALLY SOUND
AND THAT OUR CALCULATIONS LEAD TO THE CORRECT UNITS FOR THE FINAL RESULT. IT'S A POWERFUL METHOD FOR ERROR
DETECTION AND FOR UNDERSTANDING RELATIONSHIPS BETWEEN PHYSICAL QUANTITIES.



KINEMATICS; DESCRIBING MOTION

KINEMATICS IS THE BRANCH OF MECHANICS THAT DEALS WITH MOTION WITHOUT CONSIDERING THE FORCES THAT CAUSE IT. IT's
ALL ABOUT DESCRIBING HOW THINGS MOVE. THIS INVOLVES DEFINING KEY CONCEPTS LIKE DISPLACEMENT, VELOCITY, AND
ACCELERATION, AND UNDERSTANDING THE RELATIONSHIPS BET\WEEN THEM. IMAGINE WATCHING A CAR DRIVE DOWN THE ROAD,
KINEMATICS HELPS US QUANTIFY ITS MOVEMENT, DETERMINING HOW FAR IT TRAVELED, HOW FAST IT WAS GOING, AND WHETHER
IT WAS SPEEDING UP OR SLOWING DOWN.

DisPLACEMENT AND DISTANCE

W/HILE OF TEN USED INTERCHANGEABLY IN EVERYDAY LANGUAGE, DISPLACEMENT AND DISTANCE HAVE DISTINCT MEANINGS IN
PHYSICS. DISTANCE IS THE TOTAL PATH LENGTH TRAVELED BY AN OBJECT. IF YOU WALK 5 METERS EAST AND THEN 5 METERS
WEST, YOU'VE TRAVELED A DISTANCE OF 10 METERS. DISPLACEMENT, ON THE OTHER HAND, IS THE CHANGE IN POSITION FROM
THE STARTING POINT TO THE ENDING POINT, CONSIDERING DIRECTION. IN THE PREVIOUS EXAMPLE, YOUR DISPLACEMENT WOULD BE
ZERO BECAUSE YOU ENDED UP BACK WHERE YOU STARTED. DISPLACEMENT IS A VECTOR QUANTITY, MEANING IT HAS BOTH
MAGNITUDE AND DIRECTION.

VELOCITY AND SPEED

VELOCITY IS THE RATE OF CHANGE OF DISPLACEMENT, SO IT'S A VECTOR QUANTITY. IT TELLS US NOT ONLY HOW FAST AN
OBJECT IS MOVING BUT ALSO IN WHAT DIRECTION. SPEED, CONVERSELY, IS THE MAGNITUDE OF VELOCITY AND IS THEREFORE A
SCALAR QUANTITY. IF A CAR HAS A VELOCITY OF 60 KM/H NORTH, ITS SPEED IS 60 KM/H. AVERAGE VELOCITY IS CALCULATED
BY DIVIDING THE TOTAL DISPLACEMENT BY THE TOTAL TIME TAKEN. INSTANTANEOUS VELOCITY IS THE VELOCITY AT A SPECIFIC
MOMENT IN TIME.

ACCELERATION

ACCELERATION IS THE RATE AT WHICH AN OB_JECT/S VELOCITY CHANGES. THIS CHANGE CAN BE IN SPEED, DIRECTION, OR BOTH. IF
A CAR SPEEDS UP, IT IS ACCELERATING. IFIT BRAKES, IT IS DECELERATING (\X/HICH IS A FORM OF ACCELERATION IN THE OPPOSITE
DIRECTION OF MOTION). EVEN IF A CAR TRAVELS AT A CONSTANT SPEED IN A CIRCLE, IT IS ACCELERATING BECAUSE ITS
DIRECTION OF MOTION IS CONSTANTLY CHANGING. UNDERSTANDING ACCELERATION IS KEY TO ANALYZING HOW FORCES IMPACT
MOTION.

VECTORS: MAGNITUDE AND DIRECTION

IN PHYSICS, MANY QUANTITIES ARE NOT FULLY DESCRIBED BY A SINGLE NUMBER; THEY ALSO REQUIRE A DIRECTION. THESE ARE
KNOWN AS VECTOR QUANTITIES. THINK ABOUT FORCE: PUSHING A BOX WITH A CERTAIN STRENGTH IN ONE DIRECTION HAS A
VERY DIFFERENT EFFECT THAN PUSHING IT WITH THE SAME STRENGTH IN THE OPPOSITE DIRECTION. VECTORS ARE THE
MATHEMATICAL TOOLS WE USE TO REPRESENT AND MANIPULATE THESE DIRECTIONAL QUANTITIES.

VECTOR ADDITION AND SUBTRACTION

ADDING VECTORS IS NOT AS SIMPLE AS ADDING THEIR MAGNITUDES. BECAUSE DIRECTION MATTERS, WE NEED GRAPHICAL OR
COMPONENT METHODS FOR VECTOR ADDITION. THE GRAPHICAL METHOD INVOLVES PLACING THE VECTORS TIP-TO-TAIL, AND THE
RESULTANT VECTOR IS DRAWN FROM THE TAIL OF THE FIRST VECTOR TO THE TIP OF THE LAST. COMPONENT ADDITION
INVOLVES BREAKING EACH VECTOR DOWN INTO ITS HORIZONTAL (X) AND VERTICAL (Y) COMPONENTS, ADDING THE
CORRESPONDING COMPONENTS SEPARATELY, AND THEN RECOMBINING THEM TO FIND THE RESULTANT VECTOR. VECTOR



SUBTRACTION IS SIMPLY ADDING THE NEGATIVE OF A VECTOR.

CoMPONENTS OF A VECTOR

RESOLVING A VECTOR INTO ITS COMPONENTS IS A FUNDAMENTAL SKILL. ANY VECTOR CAN BE BROKEN DOWN INTO
PERPENDICULAR COMPONENTS, TYPICALLY ALONG THE X AND Y AXES. USING TRIGONOMETRY, WE CAN FIND THE MAGNITUDE OF
THESE COMPONENTS. FOr A VECTOR $\VEC{A}$ WITH MAGNITUDE $A$ AND MAKING AN ANGLE $\THETA$ WITH THE POSITIVE
X-AXIS, THE X-COMPONENT IS $A_x = A \coSs \THETA$ AND THE Y-COMPONENT IS $A_Y = A \siN \THETA$. THIS
DECOMPOSITION SIMPLIFIES MANY PHYSICS PROBLEMS, ESPECIALLY THOSE INVOLVING FORCES OR VELOCITIES ACTING AT AN
ANGLE.

NewToN's LAWS oF MoTION

Sk ISAAC NEWTON’'S THREE LAWS OF MOTION ARE FOUNDATIONAL TO CLASSICAL MECHANICS. THEY DESCRIBE THE
RELATIONSHIP BETWEEN AN OBJECT AND THE FORCES ACTING UPON IT, AND ITS MOTION IN RESPONSE TO THOSE FORCES. THESE
LAWS PROVIDE A FRAMEWORK FOR UNDERSTANDING WHY OBJECTS MOVE THE WAY THEY DO.

NewTON's FIRST LAW: THE LAW OF INERTIA

THIS LAW STATES THAT AN OBJECT AT REST WILL STAY AT REST, AND AN OBJECT IN MOTION WILL STAY IN MOTION WITH THE
SAME SPEED AND IN THE SAME DIRECTION UNLESS ACTED UPON BY AN UNBALANCED FORCE. INERTIA IS THE TENDENCY OF AN
OBJECT TO RESIST CHANGES IN ITS STATE OF MOTION. T HE MORE MASS AN OBJECT HAS, THE GREATER ITS INERTIA. THINK ABOUT
TRYING TO PUSH A SMALL SHOPPING CART VERSUS A LARGE, FULLY LOADED REFRIGERATOR; THE REFRIGERATOR HAS MUCH MORE
INERTIA.

NewToN’'s SECOND LAW: FORCE AND ACCELERATION

NEWTON’S SECOND LAW IS PERHAPS THE MOST FAMOUS AND MATHEMATICALLY EXPRESSED: $\VEC{F} {NeT} =m\vec{a}$. IT
STATES THAT THE NET FORCE ACTING ON AN OBJECT IS EQUAL TO THE PRODUCT OF ITS MASS AND ITS ACCELERATION. THIS
LAW QUANTIFIES THE RELATIONSHIP BETWEEN FORCE, MASS, AND ACCELERATION. IF YOU APPLY A LARGER FORCE TO AN OBJECT
OF THE SAME MASS, IT WILL ACCELERATE MORE. CONVERSELY, IF YOU APPLY THE SAME FORCE TO OBJECTS OF DIFFERENT
MASSES, THE MORE MASSIVE OBJECT WILL ACCELERATE LESS.

NewTON’'s THIRD LAW: ACTION AND REACTION

FoRr EVERY ACTION, THERE IS AN EQUAL AND OPPOSITE REACTION. THIS MEANS THAT FORCES ALWAYS OCCUR IN PAIRS. IF YOU
PUSH ON A WALL, THE WALL PUSHES BACK ON YOU WITH AN EQUAL AND OPPOSITE FORCE. IF A ROCKET EXPELS GAS
DOWNWARDS, THE GAS PUSHES THE ROCKET UPW ARDS. IT'S CRUCIAL TO REMEMBER THAT THESE ACTION-REACTION FORCES ACT
ON DIFFERENT OBJECTS, SO THEY DON'T CANCEL EACH OTHER OUT.

WoRrk, ENERGY, AND POWER

THIS SECTION DELVES INTO THE CONCEPTS OF W ORK, ENERGY, AND POWER, WHICH ARE FUNDAMENTAL TO UNDERSTANDING HOW
FORCES CAUSE CHANGES IN MOTION AND THE CAPACITY TO DO SO. THESE CONCEPTS ARE DEEPLY INTERCONNECTED AND FORM
THE BASIS OF MANY ENERGY-RELATED PRINCIPLES IN PHYSICS.



DerINING W ORK IN PHYSICS

IN PHYSICS, WORK IS DONE WHEN A FORCE CAUSES AN OBJECT TO MOVE A CERTAIN DISTANCE IN THE DIRECTION OF THE FORCE.
MATHEMATICALLY, WORK ($\W$) IS CALCULATED AS THE PRODUCT OF THE FORCE ($F$) AND THE DISPLACEMENT ($D$) IN THE
DIRECTION OF THE FORCE: $\W = FD \cos \THETA$, WHERE $\THETA$ IS THE ANGLE BETWEEN THE FORCE AND THE
DISPLACEMENT. IF YOU PUSH A BOX ACROSS THE FLOOR, YOU ARE DOING WORK ON THE BOX. HOWEVER, IF YOU HOLD A HEAVY
WEIGHT STATIONARY, YOU ARE EXERTING A FORCE, BUT NO WORK IS BEING DONE BECAUSE THERE IS NO DISPLACEMENT.

TyPes oF ENERGY AND THE CONSERVATION OF ENERGY

ENERGY IS THE CAPACITY TO DO WORK. THERE ARE VARIOUS FORMS OF ENERGY, INCLUDING KINETIC ENERGY (THE ENERGY OF
MOTION) AND POTENTIAL ENERGY (STORED ENERGY DUE TO POSITION OR STATE). KINETIC ENERGY IS GIVEN BY $KE =
\FRAC{ T 23IMV"2%. GRAVITATIONAL POTENTIAL ENERGY NEAR THE EARTH’'S SURFACE IS $PE = MGH$, WHERE $H$ IS THE
HEIGHT. THE PRINCIPLE OF CONSERVATION OF ENERGY IS ONE OF THE MOST IMPORTANT LAWS IN PHYSICS: ENERGY CANNOT BE
CREATED OR DESTROYED, ONLY TRANSFORMED FROM ONE FORM TO ANOTHER.

UNDERSTANDING POWER

POWER IS THE RATE AT WHICH WORK IS DONE OR THE RATE AT WHICH ENERGY IS TRANSFERRED. |T TELLS US HOW QUICKLY
WORK IS ACCOMPLISHED. THE UNIT OF POWER IS THE WATT (W), WHICH IS EQUIVALENT TO ONE JOULE PER SECOND. IF TWO
PEOPLE LIFT THE SAME WEIGHT TO THE SAME HEIGHT, BUT ONE PERSON DOES IT MUCH FASTER, THAT PERSON HAS A HIGHER
POWER OUTPUT. POWER IS CALCULATED AS $P = \FRAC{WHT}$, WHERE $\W$ IS WORK AND $T$ IS TIME.

THIS REVIEW HAS PROVIDED A FOUNDATIONAL UNDERSTANDING OF KEY CONCEPTS WITHIN PHYSICS UNIT 1. BY GRASPING THESE
PRINCIPLES, YOU'LL BE WELL-EQUIPPED TO TACKLE MORE COMPLEX TOPICS AND EXCEL IN YOUR PHYSICS JOURNEY. REMEMBER
THAT CONSISTENT PRACTICE AND SEEKING CLARIFICATION ON ANY AREAS OF CONFUSION ARE VITAL FOR MASTERY.

FAQ

Q: WHAT ARE THE MOST COMMON UNITS USED IN PHYsICS UNIT 1?2

A: THE INTERNATIONAL SYSTEM OF UNITS (SI) IS PREDOMINANTLY USED. KEY UNITS INCLUDE METERS (M) FOR DISTANCE,
SECONDS (S) FOR TIME, KILOGRAMS (KG) FOR MASS, METERS PER SECOND (M/S) FOR VELOCITY, AND METERS PER SECOND
SQUARED (M/s?) FOR ACCELERATION. FORCE IS MEASURED IN NEWTONS (N), AND WORK AND ENERGY ARE MEASURED IN JOULES
(J). Power 1s MEASURED IN WATTs (\W/).

Q: How DO | DIFFERENTIATE BETWEEN DISTANCE AND DISPLACEMENT IN PHYSICS
PROBLEMS?

A: DISTANCE IS THE TOTAL LENGTH OF THE PATH TRAVELED, REGARDLESS OF DIRECTION. DISPLACEMENT IS THE STRAIGHT-LINE
DISTANCE AND DIRECTION FROM THE STARTING POINT TO THE ENDING POINT;, IT'S A VECTOR QUANTITY. IF You waLk 10
METERS EAST AND THEN 10 METERS WEST, YOUR DISTANCE TRAVELED IS 20 METERS, BUT YOUR DISPLACEMENT IS O METERS
BECAUSE YOU RETURNED TO YOUR STARTING POSITION.

Q: WHAT IS THE SIGNIFICANCE OF NEwTON's SEconp Law ($\vec{F} {neT} =
M\vec{Aal$)?

A: NEWTON'S SECOND LAW IS FUNDAMENTAL BECAUSE IT QUANTITATIVELY LINKS THE CAUSE OF MOTION (NET FORCE) TO THE



RESULTING MOTION (ACCELERATION) AND THE OBJECT/S RESISTANCE TO THAT MOTION (MASS). [T ALLOWS US TO PREDICT
HOW AN OBJECT WILL ACCELERATE IF WE KNOW THE FORCES ACTING ON IT AND ITS MASS, OR CONVERSELY, TO DETERMINE THE
NET FORCE IF WE KNOW ITS MASS AND ACCELERATION.

QZ CAN YOU EXPLAIN THE CONCEPT OF INERTIA IN SIMPLER TERMS?

A: INERTIA IS SIMPLY AN OB_JECT/S RESISTANCE TO ANY CHANGE IN ITS STATE OF MOTION. [F SOMETHING IS STILL, IT WANTS TO
STAY STILL. IFI1T's MOVING, IT WANTS TO KEEP MOVING AT THE SAME SPEED AND IN THE SAME DIRECTION. THE MORE MASSIVE
AN OBJECT IS, THE MORE INERTIA IT HAS, MEANING IT'S HARDER TO GET IT MOVING OR TO STOP IT ONCE IT'S MOVING.

Q: WHAT IS THE DIFFERENCE BETWEEN VELOCITY AND SPEED, AND WHY IS IT IMPORTANT
IN PHYSICS?

A: SPEED IS A SCALAR QUANTITY THAT ONLY TELLS YOU HOW FAST AN OBJECT IS MOVING (E.G., 50 KM/H). VELOCITY IS A
VECTOR QUANTITY THAT INCLUDES BOTH SPEED AND DIRECTION (E.G., 50 KM/H NORTH). THIS DISTINCTION IS CRUCIAL BECAUSE
THE DIRECTION OF MOTION CAN SIGNIFICANTLY AFFECT HOW FORCES INTERACT WITH AN OBJECT AND HOW IT BEHAVES,
ESPECIALLY IN PROBLEMS INVOLVING MULTIPLE FORCES OR CHANGING DIRECTIONS.

Q: How DOES WORK DIFFER FROM ENERGY IN PHYSICS?

A: WORK IS A PROCESS BY WHICH ENERGY IS TRANSFERRED FROM ONE OBJECT OR SYSTEM TO ANOTHER THROUGH THE
APPLICATION OF A FORCE THAT CAUSES DISPLACEMENT. ENERGY IS THE CAPACITY TO DO WORK. SO, WORK IS AN ACTION, AND
ENERGY IS THE POTENTIAL FOR THAT ACTION. FOR EXAMPLE, LIFTING A BOX REQUIRES YOU TO DO WORK, AND THIS WORK
INCREASES THE BOX'S POTENTIAL ENERGY.
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