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A STUDENT Is CALCULATING THE GRAVITATIONAL FORCE BETWEEN THE EARTH AND THE SUN. SHE KNows THAT Mass OF
THE EARTH AND THE SUN, ALONG WITH THE DISTANCE BETWEEN THEM, ARE ESSENTIAL PARAMETERS FOR UNDERSTANDING THE
GRAVITATIONAL INTERACTION BETWEEN THESE CELESTIAL BODIES. THIS PROCESS OF CALCULATION IS FUNDAMENTAL IN
ASTROPHYSICS AND HELPS EXPLAIN THE ORBITAL MECHANICS THAT GOVERN PLANETARY MOTION IN OUR SOLAR SYSTEM. IN THIS
ARTICLE/ WE WILL EXPLORE THE PRINCIPLES BEHIND GRAVITATIONAL FORCE CALCULATION, THE SIGNIFICANCE OF EACH
PARAMETER INVOLVED, AND STEP-BY-STEP METHODS TO DETERMINE THIS FORCE ACCURATELY.

UNDERSTANDING GRAVITATIONAL FORCE IN THE SOLAR SYSTEM

THe UNIVERSAL LAW OF GRAVITATION

THE GRAVITATIONAL FORCE BETWEEN TWO OBJECTS IS DESCRIBED BY NEWTON'S LAW OF UNIVERSAL GRAVITATION,
FORMULATED BY SIR ISAAC NEWTON IN THE 17TH CENTURY. ACCORDING TO THIS LAW:

® THE FORCE (F) IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THE MASSES OF THE TWO OBJECTS (M1 AND M2>.

® THE FORCE IS INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE (R) BETWEEN THEIR CENTERS.

MATHEMATICALLY, IT IS EXPRESSED AS:
\[F = G \iMes \rrAc{M_1 \TiMes M_2}{r"2}\]
WHERE:

- \(F\) Is THE GRAVITATIONAL FORCE,

- \(G\) 1s THE GRAVITATIONAL CONSTANT (\(6.674 \TiMes 10°{-11}\, \MATHRM{NM"2/kG"2}\)),
-\(M_1\) anp \(M_2\) ARE THE MASSES OF THE TWO OBJECTS,

- \(R\) IS THE DISTANCE BETWEEN THEIR CENTERS.

RELEVANCE IN THE EARTH-SUN SYSTEM

IN THE CONTEXT OF THE EARTH AND THE SUN:

- Tre SunN's Mass (\(M_{sun}\)) 1s approxiMATELY \(1.989 \TiMes 107{303\) ka.

- THe EArTH'Ss MASS (\(M_{earTH}\)) I1s APPrOXIMATELY \(5.972 \TiMes 10°{24}\) ka.

- THE AVERAGE DISTANCE BETWEEN THE EARTH AND THE SUN (\(R\)) Is ABOUT 149.6 MILLION KILOMETERS, OR 1.496 \TIMES
107{ 11} METERS.

(UNDERSTANDING THIS FORCE IS CRUCIAL BECAUSE IT EXPLAINS:
- THe EARTH'S ORBIT AROUND THE SUN.

- THE STABILITY OF THE SOLAR SYSTEM.
- THE GRAVITATIONAL INFLUENCE ON OTHER PLANETS, MOONS, AND SATELLITES.



PARAMETERS REQUIRED FOR CALCULATING GRAVITATIONAL FORCE

TO ACCURATELY COMPUTE THE GRAVITATIONAL FORCE BETWEEN EARTH AND THE SUNI THE FOLLOWING PARAMETERS ARE
ESSENTIAL:

Mass of THE EARTH (\(M_{earTH}\))

THIS IS A WELL-ESTABLISHED VALUE, OBTAINED THROUGH VARIOUS MEASUREMENTS AND SATELLITE DATA.

Mass oF THE SUN (\(M_{sun}\))

SIMILARLY, THE SUN'S MASS IS KNOWN W/ITH HIGH PRECISION.

DisTANCE BETWeEN EARTH AnD Sun (\(R\))

THE AVERAGE DISTANCE, KNOWN AS AN ASTRONOMICAL UNIT (AU), 1s APPROXIMATELY \(1.496 \TiMes 10°{11}\) MeTers,
BUT IT CAN VARY DUE TO EARTH'S ELLIPTICAL ORBIT.

GrAVITATIONAL ConsTANT (\(G\))

A FUNDAMENTAL CONSTANT OF NATURE, ITS VALUE IS APPROXIMATELY \(6.674 \TiMes 107{-11}
\MATHRM{NM" 2 /kG" 2}\).

STEP-BY-STEP CALCULATION OF THE GRAVITATIONAL FORCE

HERE’S A DETAILED PROCESS THAT A STUDENT CAN FOLLOW TO COMPUTE THE GRAVITATIONAL FORCE:

STEP 1: GATHER ACCURATE DATA

ENSURE YOU HAVE PRECISE VALUES FOR:

-\(M_{sun} = 1.989 \1iMes 10"{303\) ka
-\(M_{earTH} = 5.972 \TiMes 107{24}\) kc
-\R=1.496 \1iMes 10*{11}\)' ™

Step 2: WRITE DowN THE FORMULA

Use NewToN's Law ofF UNIVERSAL GRAVITATION:

\[F = G \imes \rrAc{M_{sun} \TiMes M_{earTH}}{R"23\]

STEP 3: SUBSTITUTE THE V ALUES

INSERT THE KNOWN QUANTITIES INTO THE FORMULA!:

\[F=(6.674 \1imes 10°{-11}) \1imes \rrac{(1.989 \1iMes 10°{30}) \1iMes (5.972 \1imes 107{24 )} (1.496
\TiMes 10™{111)"21\]



STeP 4: SIMPLIFY THE NUMERATOR

CALCULATE THE PRODUCT OF THE MASSES:

\[
(1.989 \1iMes 10°{303) \1imes (5.972 \1iMes 107{243}) = 1.189 \1iMes 107{55}

\]

STEP 5: CALCULATE THE DENOMINATOR

SQUARE THE DISTANCE:

\[
(1.496 \1iMes 10°{113)"2 =2.238 \TiMes 10°{22}

\]

STEP 6: FINAL CALCULATION

COMPUTE THE FORCE:

\[

F=6.674\1iMes 10°{-113} \1iMes \rrac{1.189 \TiMes 10°{553}{2.238 \TiMes 10"{22}}
\]

\[

F=6.674\1iMes 10°{-113 \1iMes 5.3 1 \1iMes 10°{32}

\]

\[

F\approx 3.55 \TiMes 10"{22} \, \MATHRM{N}
\]

THIS IS THE MAGNITUDE OF THE GRAVITATIONAL FORCE EXERTED BY THE SUN ON THE EARTH.

SIGNIFICANCE OF THE CALCULATED GRAVITATIONAL FORCE

UNDERSTANDING THIS FORCE PROVIDES INSIGHTS INTO:

THE EARTH'S ORBITAL VELOCITY AND ACCELERATION.

e THE BALANCE OF GRAVITATIONAL PULL AND THE EARTH’'S INERTIA THAT RESULTS IN A STABLE ORBIT.
® THE GRAVITATIONAL INFLUENCE ON OTHER PLANETS, MOONS, AND ARTIFICIAL SATELLITES.

® |MPLICATIONS FOR SPACE MISSIONS AND SATELLITE DEPLOYMENT.

ADDITIONAL FACTORS TO CONSIDER

W/HILE THE CALCULATION ABOVE CONSIDERS AVERAGE VALUES, REAL-WORLD FACTORS CAN CAUSE VARIATIONS:



ORBITAL ECCENTRICITY

EARTH'S ORBIT IS ELLIPTICAL, MEANING THE DISTANCE VARIES THROUGHOUT THE YEAR, AFFECTING THE FORCE.

PerTURBATIONS FROM OTHER BODIES

OTHER PLANETS, ESPECIALLYJUPITEE AND \/ENUS/ EXERT GRAVITATIONAL INFLUENCES THAT CAN SLIGHTLY ALTER EARTH'S
ORBIT.

ReLATIVISTIC EFFECTS

IN HIGH-PRECISION CALCULATIONS, EINSTEIN'S GENERAL THEORY OF RELATIVITY PROVIDES CORRECTIONS, ALTHOUGH FOR MOST
EARTH-SUN CALCULATIONS, NEW TONIAN PHYSICS SUFFICES.

APPLICATIONS OF GRAVITATIONAL FORCE CALCULATIONS

CALCULATING GRAVITATIONAL FORCES IS FUNDAMENTAL IN VARIOUS FIELDS:

¢ ASTRONOMY: UNDERSTANDING PLANETARY MOTIONS AND PREDICTING CELESTIAL EVENTS.

SPACE EXPLORATION: PLANNING SPACECRAFT TRAJECTORIES AND LANDINGS.

SATELLITE TECHNOLOGY: ENSURING STABLE ORBITS FOR COMMUNICATION AND WEATHER SATELLITES.

ASTROPHYSICS RESEARCH: STUDYING STAR SYSTEMS, GALAXY INTERACTIONS, AND BLACK HOLES.

CoNCLUSION

THE PROCESS OF CALCULATING THE GRAVITATIONAL FORCE BETWEEN THE EARTH AND THE SUN IS A VITAL ASPECT OF
UNDERSTANDING CELESTIAL MECHANICS. BY KNOWING THE MASSES OF BOTH BODIES, THE DISTANCE BETWEEN THEM, AND THE
GRAVITATIONAL CONSTANT, A STUDENT CAN ACCURATELY DETERMINE THE MAGNITUDE OF THIS FORCE. THIS CALCULATION NOT
ONLY REINFORCES FUNDAMENTAL PHYSICS PRINCIPLES BUT ALSO UNDERSCORES THE DELICATE BALANCE OF FORCES THAT
MAINTAIN OUR PLANET'S ORBIT, ENABLING LIFE AS WE KNOW IT. MASTERY OF THESE CONCEPTS FORMS THE FOUNDATION FOR
ADVANCED STUDIES IN ASTRONOMY, ASTROPHYSICS, AND SPACE SCIENCE, OPENING DOORS TO EXPLORING THE UNIVERSE'S VAST
AND FASCINATING PHENOMENA.

FREQUENTLY AskeD QUESTIONS

W/HAT IS THE MAIN FORMULA USED TO CALCULATE THE GRAVITATIONAL FORCE
BETWEEN THE EARTH AND THE SUN?

THE MAIN FORMULA 1S NEWTON'S LAW OF UNIVERSAL GRAVITATION: F = G (M1 M2) / R"2, WHERE G IS THE GRAVITATIONAL
CONSTANT, M1 AND M2 ARE THE MASSES OF THE EARTH AND SUN, AND R IS THE DISTANCE BETWEEN THEM.



WHY IS KNOWING THE MASS OF THE EARTH IMPORTANT IN CALCULATING THE
GRAVITATIONAL FORCE?

KNOWING THE EARTH'S MASS ALLOWS THE STUDENT TO ACCURATELY COMPUTE THE GRAVITATIONAL FORCE EXERTED BY THE
SUN ON THE EARTH, WHICH IS ESSENTIAL FOR UNDERSTANDING ORBITAL DYNAMICS.

\WHAT IS THE APPROXIMATE MASS OF THE EARTH USED IN SUCH CALCULATIONS?

THE APPROXIMATE MASS OF THE EARTH IS 5.97 X 10"24 kILOGRAMS.

How DOES THE DISTANCE BETWEEN THE EARTH AND THE SUN AFFECT THE
GRAVITATIONAL FORCE?

THE GRAVITATIONAL FORCE IS INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM; AS THE DISTANCE
INCREASES, THE FORCE DECREASES SIGNIFICANTLY.

\WHAT IS THE SIGNIFICANCE OF KNOWING THE GRAVITATIONAL FORCE BETWEEN EARTH
AND THE SUN?

IT HELPS UNDERSTAND EARTH'S ORBITAL MOTION, CLIMATE PATTERNS, AND THE DYNAMICS OF THE SOLAR SYSTEM.

\WHAT OTHER FACTORS MUST THE STUDENT CONSIDER BESIDES THE MASSES AND
DISTANCE?

\WHILE MASSES AND DISTANCE ARE PRIMARY, FACTORS LIKE THE GRAVITATIONAL CONSTANT’S VALUE AND MEASUREMENT
ACCURACY ARE ALSO IMPORTANT FOR PRECISE CALCULATION.

How DOES THE EARTH'S MASS COMPARE TO THE SUN’'S MASS IN GRAVITATIONAL
CALCULATIONS?

THE SUN'S MASS IS APPROXIMATELY 330,000 TIMES GREATER THAN EARTH’'S, WHICH SIGNIFICANTLY INFLUENCES THE
GRAVITATIONAL INTERACTION AND ORBITAL MOTION.

CAN THE STUDENT CALCULATE THE GRAVITATIONAL FORCE WITHOUT KNOWING THE
SuN’s MASS?

NO, BECAUSE THE SUN’S MASS IS ESSENTIAL IN THE GRAVITATIONAL FORCE FORMULA; WITHOUT IT, THE CALCULATION CANNOT
BE COMPLETED ACCURATELY.

\WHAT REAL-WORLD APPLICATIONS DEPEND ON CALCULATING THE GRAVITATIONAL
FORCE BETWEEN THE EARTH AND THE SUN?P

APPLICATIONS INCLUDE PREDICTING EARTH'S ORBIT, UNDERSTANDING SATELLITE TRAJECTORIES, AND STUDYING CLIMATE
PATTERNS INFLUENCED BY ORBITAL MECHANICS.

ADDITIONAL RESOURCES

A STUDENT Is CALCULATING THE GRAVITATIONAL FORCE BETWEEN THE EARTH AND THE SUN. SHE KNows THAT Mass OF

IN THE QUIET HUM OF HER CLASSROOM, A YOUNG STUDENT SITS WITH A FOCUSED EXPRESSION, NOTEBOOK OPEN, CALCULATOR
AT THE READY. HER TASK: TO COMPUTE THE GRAVITATIONAL ATTRACTION BETWEEN OUR HOME PLANET, EARTH, AND ITS



DISTANT STAR, THE SUN. THIS EXERCISE IS MORE THAN JUST A CLASSROOM ASSIGNMENT;, IT’S A WINDOW INTO THE
FUNDAMENTAL FORCES THAT GOVERN OUR UNIVERSE. BY UNDERSTANDING HOW TO CALCULATE THIS FORCE, SHE IS STEPPING
INTO THE REALM OF ASTROPHYSICS, BRIDGING THEORETICAL CONCEPTS WITH REAL-\WORLD PHENOMENA.

THIS ARTICLE EXPLORES THE PROCESS OF CALCULATING THE GRAVITATIONAL FORCE BETWEEN EARTH AND THE SUN/ DELVING
INTO THE SCIENTIFIC PRINCIPLES, THE DATA INVOLVED, AND THE SIGNIFICANCE OF THIS CALCULATION. \WHETHER YOU’RE A
STUDENT, EDUCATOR, OR ASTRONOMY ENTHUSIAST, UNDERSTANDING THIS FUNDAMENTAL INTERACTION OFFERS INSIGHTS INTO
THE MECHANICS OF OUR SOLAR SYSTEM AND THE UNIVERSAL LAWS THAT KEEP PLANETS IN ORBIT.

UNDERSTANDING GRAVITATIONAL FORCE: THE FUNDAMENTALS

THe LAW oF UNIVERSAL GRAVITATION

AT THE HEART OF THIS CALCULATION LIES NEWTON’S LAW OF UNIVERSAL GRAVITATION, FORMULATED BY SIR ISAAC NEWTON
IN THE 17 TH CENTURY. |T STATES THAT EVERY TWO MASSES IN THE UNIVERSE ATTRACT EACH OTHER WITH A FORCE DIRECTLY
PROPORTIONAL TO THE PRODUCT OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN
THEM:

\[ F =G \1i™Mes \rrac{M_1 \TiMes m_2}{r"2} \]

W/ HERE:

- \(F\) Is THE GRAVITATIONAL FORCE,

-\(G\) 15 THE GrRAVITATIONAL CONSTANT (\(6.674 \TiMes 10"{-11}\, \MaTHRM{NM"2/kG"2}\)),
-\(M_1\) anD \(M_2 \) ARE THE MASSES OF THE TWO OBJECTS,

-\(r\) IS THE DISTANCE BETWEEN THEIR CENTERS.

THIS FUNDAMENTAL FORMULA ALLOWS US TO QUANTIFY THE INVISIBLE BUT POWERFUL FORCE THAT KEEPS PLANETS, MOONS,
AND SATELLITES IN THEIR CELESTIAL PATHS.

\WHY Does THis FOrce MATTER?

UNDERSTANDING GRAVITATIONAL FORCE ISN’T JUST ACADEMIC; IT EXPLAINS:

- PLANETARY ORBITS: HOW PLANETS STAY IN THEIR PATHS AROUND THE SUN.

- TibAL EFFeCTS: THE INFLUENCE OF THE MOON AND SUN ON OCEAN TIDES.

- STABILITY OF SOLAR SYSTEM: THE BALANCE OF FORCES THAT MAINTAINS PLANETARY ARRANGEMENTS OVER MILLIONS OF
YEARS.

For THE STUDENT, CALCULATING THE GRAVITATIONAL FORCE BETWEEN EARTH AND THE SUN PROVIDES A CONCRETE EXAMPLE
OF HOW THESE PRINCIPLES OPERATE ON A COSMIC SCALE.

GATHERING THE NECESSARY DATA

BEFORE PLUGGING NUMBERS INTO THE FORMULA, IT’S ESSENTIAL TO GATHER ACCURATE DATA!

Mass of THE EARTH (\( M_{EArTH} \))

- ApPrOXIMATELY \( 5.972 \TiMes 107{243} \) kiLOGRAMS.



- THIS VALUE IS WELL-ESTABLISHED THROUGH SATELLITE MEASUREMENTS AND GEOPHYSICAL RESEARCH.

Mass oF THE SuN (\( M_{Sun} \))

- ApPrOXIMATELY \( 1.989 \TiMes 107{303} \) kiLoGrRAMS.
- DERIVED FROM OBSERVATIONS OF PLANETARY MOTIONS AND GRAVITATIONAL EFFECTS.

AVERAGE DisTANCE BETWEEN EARTH AND SUN (\(r \))

- ABoUT 149.6 MILLION KILOMETERS, OR 1.496 X 10”11 METERS.
- KNownN AS AN AsTRONOMICAL UNIT (AU), THIS DISTANCE VARIES SLIGHTLY DUE TO EARTH'S ELLIPTICAL ORBIT BUT SERVES
AS A STANDARD MEASURE.

GrAVITATIONAL ConsTANT (\( G \))

-\(6.674 \1iMes 10™{-11}\, \MATHRM{NM"2/kG"2} \), A UNIVERSAL CONSTANT.

PeERFORMING THE CALCULATION; STEP-BY-STEP

\WITH ALL DATA IN PLACE, THE STUDENT PROCEEDS TO CALCULATE THE GRAVITATIONAL FORCE:
Ster 1: ConverT UNITS (IF NECESSARY)

- ALL QUANTITIES ARE ALREADY IN S| UNITS, SO NO CONVERSION IS NECESSARY.

STEP 2: WRITE THE FORMULA

\[ F = G \7iMes \rrAc{M_{EArTH} \TiMes M_{Sun}}{r"2} \]

STep 3: PLUG IN VALUES

\[F=(6.674 \1imes 10™{-11}) \1iMes \,rrAc{(5.972 \TiMes 10"{243) \TiMes (1.989 \Times 10™{30N}H(1.496
\TiMes 107{113)*2}3 \]

STEP 4: SIMPLIFY NUMERATOR

\[ (56.972 \TiMes 107{24}) \7iMes (1.989 \1iMes 107{30}) = 5.972 \1iMes 1.989 \1iMes 10"{24+30} \]
\[=11.87 \times 107{54} \]

STEP 5: SIMPLIFY DENOMINATOR

\[(1.496 \TimMes 10%{111)"2 = 1.496"2 \1iMes 10°{22} \]

\[=2.238 \1iMes 10"{22} \]

STEP 6: FINAL CALCULATION

\[F=6.674\1imes 10"{-11} \1iMes \rrac{11.87 \TiMes 10"{54}}{2.238 \1iMes 10"{22}} \]

\[F=6.674\1iMes 10°{-113 \1iMes 5.3 \1imes 10°{32} \]



\[ F \approx 6.674 \TiMes 5.3 \Times 10°{-11 + 32} \]
\[ F \approx 35.36 \TiMes 107°{21}\]
\[ F \approx 3.536 \TiMes 107°{22} \TexT{ NewTons} \]

THIS ENORMOUS FORCE DEMONSTRATES THE IMMENSE GRAVITATIONAL PULL EXERTED BY THE SUN ON EARTH, WHICH IS
BALANCED BY EARTH'S ORBITAL VELOCITY, RESULTING IN A STABLE ORBIT.

IMPLICATIONS AND REAL-\Y/ ORLD SIGNIFICANCE

UNDERSTANDING EARTH'S ORBIT

THE CALCULATED GRAVITATIONAL FORCE IS WHAT KEEPS EARTH IN A CONTINUOUS, ELLIPTICAL ORBIT AROUND THE SuN. THIS
BALANCE BETWEEN GRAVITATIONAL PULL AND EARTH'S VELOCITY RESULTS IN THE NEARLY CIRCULAR PATH WE OBSERVE. THE
FORCE ALSO EXPLAINS PHENOMENA LIKE SEASONAL VARIATIONS AND CLIMATE PATTERNS, AS EARTH'S POSITION RELATIVE TO
THE SUN CHANGES OVER THE YEAR.

PREDICTING PLANETARY MOTION

ACCURATE CALCULATIONS OF GRAVITATIONAL FORCES ENABLE ASTRONOMERS TO PREDICT PLANETARY POSITIONS, PLAN SPACE
MISSIONS, AND UNDERSTAND THE LONG-TERM STABILITY OF THE SOLAR SYSTEM. For INSTANCE, KNOWING THE GRAVITATIONAL
INTERACTIONS HELPS IN DETERMINING ORBITAL RESONANCES AND POTENTIAL PERTURBATIONS CAUSED BY OTHER CELESTIAL
BODIES.

BroADER CosMic CONTEXT

W/HILE THIS CALCULATION FOCUSES ON EARTH AND THE SUN, THE SAME PRINCIPLES APPLY UNIVERSALLY. FROM UNDERSTANDING
THE BEHAVIOR OF DISTANT EXOPLANETS TO PREDICTING THE MOTION OF GALAXIES, NEWTON’S LAW OF GRAVITATION REMAINS
A CORNERSTONE OF ASTROPHYSICS.

CHALLENGES AND LIMITATIONS

DESPITE ITS ROBUSTNESS, CALCULATING GRAVITATIONAL FORCES ON A COSMIC SCALE INVOLVES COMPLEXITIES:

- VARIATIONS IN DISTANCE: EARTH'S ORBIT IS ELLIPTICAL, SO DISTANCE VARIES THROUGHOUT THE YEAR.

- NoN-PoINT MASSES: REAL CELESTIAL BODIES ARE NOT PERFECT SPHERES, AND MASS DISTRIBUTION CAN INFLUENCE
GRAVITATIONAL EFFECTS.

- RELATIVISTIC EFFECTS: FOR EXTREMELY MASSIVE OR DENSE OBJECTS, EINSTEIN’S GENERAL THEORY OF RELATIVITY PROVIDES
MORE ACCURATE MODELS THAN NEWTONIAN GRAVITY.

HO\X/EVER/ FOR MOST PLANETARY CALCULATIONS WITHIN THE SOLAR SYSTEM, NEWTON’S LAW PROVIDES REMARKABLY PRECISE
RESULTS.



ConNcrusioN; THE Power oF FUNDAMENTAL PHYsICS

THE STUDENT’S EXERCISE IN CALCULATING THE GRAVITATIONAL FORCE BETWEEN EARTH AND THE SUN UNDERSCORES THE
ELEGANCE AND POWER OF FUNDAMENTAL PHYSICS. THROUGH STRAIGHTFORWARD DATA AND THE APPLICATION OF NEWTON’S
LAY, SHE CAN QUANTIFY A FORCE THAT SHAPES THE VERY ARCHITECTURE OF OUR SOLAR SYSTEM. SUCH CALCULATIONS NOT
ONLY DEEPEN OUR UNDERSTANDING OF PLANETARY DYNAMICS BUT ALSO INSPIRE CURIOSITY ABOUT THE FORCES GOVERNING THE
UNIVERSE.

IN THE GRANDER SCHEME, MASTERING THESE PRINCIPLES EQUIPS STUDENTS AND SCIENTISTS TO EXPLORE BEYOND, WHETHER
STUDYING DISTANT PLANETS, BLACK HOLES, OR THE COSMOS ITSELF. [T’S A TESTAMENT TO HOW SIMPLE MATHEMATICAL
FORMULAS, GROUNDED IN EMPIRICAL DATA, UNLOCK THE SECRETS OF THE UNIVERSE——ONE CALCULATION AT A TIME.
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