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Gravitational Force and Orbits Lab

Use the PhET Simulation. Make sure to click Gravity Force, Velocity and Path and make sure
Gravity is checked On. Run several simulations, changing parameters as you go.

1. What direction is the gravitational farce of the orbiting objects?
2. What direction is the velocity of the orbiting object?

3. If you turn gravity off, what happens? Wiy does this happen?

4. If you increase the mass of the Sun, provide an explanation of what happens to the Earth |

5. If you decrease the mass of the Sun, provide an explanation of what happens to the Earth .

GRAVITATIONAL Force AND ORrBITS LAB ANSWER KEY

UNDERSTANDING GRAVITATIONAL FORCE AND THE PRINCIPLES THAT GOVERN ORBITS IS FUNDAMENTAL IN THE FIELD OF PHYSICS
AND ASTRONOMY. THIS ARTICLE AIMS TO PROVIDE A COMPREHENSIVE OVERVIEW OF GRAVITATIONAL FORCE, HOW IT INFLUENCES
THE MOTION OF CELESTIAL BODIES, AND AN ANSWER KEY TO A TYPICAL LAB EXERCISE RELATED TO THESE CONCEPTS. W HETHER
YOU'RE A STUDENT PREPARING FOR AN EXAM OR AN EDUCATOR SEEKING RESOURCES FOR YOUR CLASSROOM, THIS CONTENT WILL
OFFER VALUABLE INSIGHTS.

UNDERSTANDING GRAVITATIONAL FORCE

GRAVITATIONAL FORCE IS ONE OF THE FOUR FUNDAMENT AL FORCES OF NATURE, ALONGSIDE ELECTROMAGNETIC, WEAK NUCLEAR,
AND STRONG NUCLEAR FORCES. |T IS THE FORCE OF ATTRACTION BETWEEN TWO MASSES, WHICH IS DIRECTLY PROPORTIONAL TO



THE PRODUCT OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEIR CENTERS.
THIS RELATIONSHIP IS MATHEMATICALLY REPRESENTED BY NEWTON'S LAW OF UNIVERSAL GRAVITATION:

NewToN’'s LAW ofF UNIVERSAL GRAVITATION

THE FORMULA IS GIVEN AS:
\[F =G \rrac{M_1\cooTm_2}{r"2}\]

\W/ HERE:

-\(F\) IS THE GRAVITATIONAL FORCE BETWEEN TWO OBJECTS.

-\(G\) 1s THe GRAVITATIONAL CONSTANT (\( 6.674 \TiMes 10°{-11} \, \texT{N mM}"2/\text{kc}"2 \)).
-\(M_1\) ano \(M_2 \) ARE THE MASSES OF THE OBJECTS.

-\(r\) IS THE DISTANCE BETWEEN THE CENTERS OF THE TWO MASSES.

Key ConcCePTS oF GRAVITATIONAL FORCE

1. MAsS: THE GREATER THE MASS OF THE OBJECTS, THE STRONGER THE GRAVITATIONAL FORCE.
2. DISTANCE: THE GRAVITATIONAL FORCE DECREASES RAPIDLY AS THE DISTANCE BETWEEN THE OBJECTS INCREASES.
3. DIRECTION: GRAVITATIONAL FORCE ACTS ALONG THE LINE CONNECTING THE CENTERS OF THE TWO MASSES.

OrBITS AND KepLER'Ss LAWS

AN ORBIT IS THE PATH ONE BODY IN SPACE TAKES AROUND ANOTHER. THE MOST FAMILIAR EXAMPLE IS THE PLANETS ORBITING
THE SUN. ORBITS ARE A DIRECT RESULT OF GRAVITATIONAL FORCES ACTING BETWEEN CELESTIAL BODIES.

Types oF OrBITS

- CIRCULAR ORBITS: THE DISTANCE FROM THE CENTER OF THE CENTRAL BODY REMAINS CONSTANT.
- ELLIPTICAL ORBITS: THE DISTANCE VARIES, THE BODY MOVES FASTER WHEN CLOSER TO THE CENTRAL MASS AND SLOWER
WHEN FARTHER AWAY.

KepLER’s LAWS OF PLANETARY MOTION

JOHANNES KEPLER FORMULATED THREE LAWS THAT DESCRIBE PLANETARY MOTION, WHICH ARE CRUCIAL FOR UNDERSTANDING
ORBITS:

1. KepLER'S FIRST LAW: THE ORBIT OF A PLANET IS AN ELLIPSE WITH THE SUN AT ONE OF THE TWO FOCI.

2. KEPLER'S SECOND LAW: A LINE SEGMENT JOINING A PLANET AND THE SUN SWEEPS OUT EQUAL AREAS DURING EQUAL
INTERVALS OF TIME, MEANING PLANETS MOVE FASTER WHEN CLOSER TO THE SUN.

3. KepLER'S THIRD LAW: THE SQUARE OF THE ORBITAL PERIOD OF A PLANET IS PROPORTIONAL TO THE CUBE OF THE SEMI-
MAJOR AXIS OF ITS ORBIT, EXPRESSED MATHEMATICALLY AS:

\[ T2 \prorTO "3 \]

¥/ HERE:
-\( T \) IS THE ORBITAL PERIOD.
-\(r\) IS THE AVERAGE DISTANCE FROM THE SUN.



CoNDUCTING A GRAVITATIONAL Force AND OrBITS LAB

IN A TYPICAL LAB SETTING FOCUSED ON GRAVITATIONAL FORCES AND ORBITS, STUDENTS MAY ENGAGE IN EXPERIMENTS THAT
INVOLVE CALCULATIONS AND SIMULATIONS BASED ON THE PRINCIPLES OUTLINED ABOVE. HERE’S A SIMPLIFIED STRUCTURE OF
WHAT SUCH A LAB MIGHT ENTAIL:

OBJECTIVES

- To UNDERSTAND AND APPLY NEWTON'S LAW oF UNIVERSAL GRAVITATION.
- TO ANALYZE THE RELATIONSHIP BETWEEN GRAVITATIONAL FORCE, MASS, AND DISTANCE.
- To EXPLORE KEPLER’S LAWS THROUGH SIMULATION OR EXPERIMENTAL DATA.

MATERIALS NEEDED

- MASSES OF VARYING SIZES (E.G./ BALLS OF DIFFERENT \X/EIGHTS)
- A SPRING SCALE OR FORCE SENSOR

- A RULER OR MEASURING TAPE

- GRAPHING SOFT\W ARE OR GRAPH PAPER FOR DATA ANALYSIS

- A COMPUTER WITH SIMULATION SOFTW ARE (OPTIONAL)

TypicaL LAB PROCEDURES

1. MEASURE MASSES: USE A BALANCE TO DETERMINE THE MASS OF EACH OBJECT.

2. SET UP THE EXPERIMENT: ARRANGE THE MASSES AT VARYING DISTANCES FROM EACH OTHER.

3. MEASURE GRAVITATIONAL FORCE: USE A SPRING SCALE TO MEASURE THE GRAVITATIONAL FORCE ACTING BETWEEN THE TWO
MASSES.

4. RecorD DATA: DOCUMENT THE MASSES AND CORRESPONDING DISTANCES.

5. ANALYZE DATA: GRAPH THE RELATIONSHIP BETWEEN GRAVITATIONAL FORCE AND DISTANCE TO CONFIRM THE INVERSE
SQUARE LAW.

6. SIMULATE ORBITS: |F USING SOFTWARE, SIMULATE THE ORBITS OF A PLANET AROUND A STAR AND OBSERVE THE EFFECTS OF
CHANGING MASS AND DISTANCE.

ANSWER KEY FOR THE GRAVITATIONAL FORCE AND ORrBITS LAB

BELOW IS A FICTITIOUS ANSWER KEY THAT MIGHT ACCOMPANY A TYPICAL LAB REPORT ON GRAVITATIONAL FORCES AND
ORBITS. PLEASE NOTE THAT ACTUAL DATA WILL VARY BASED ON EXPERIMENTAL CONDITIONS.

SAMPLE DATA TABLE

| TriAL | Mass 1 (kG) | Mass 2 (kG) | DisTance (M) | GraviTATIONAL Force (N) |



SAMPLE CALCULATIONS

1.For TrIAL 1:

- Given: \(M_1 =1\ \text{ka} \), \(M_2 =2\ \text{kc}\), \(r=0.5\, \Text{m} \)
- CALcuLATE \(F \):

\[F=G\rrac{m_1 \cootm_2Xr"23}\]

\[F=6.674\1iMes 10"{-11} \rrac{1 \cooT 2}{0.5"2} \approx 5.34 \, \TexT{N} \]

2.For TriAL 2:

-Given: \(m_1 =2\, \text{ka} \), \(M_2 = 3\, \text{ka} \), \(r = 1.0\, \Text{M} \)
- CaLcuLaTe \(F \):

\[F =G \rrac{mM_1 \cooT™m_2}{r"2}\]

\[F=6.674\1iMes 10°{-11} \rrac{2 \cooT 3}{ 172} \approx 2.00 \, \TexT{N} \]

ConNcLUSION QUESTIONS

1. WHAT DID YOU OBSERVE ABOUT THE RELATIONSHIP BETWEEN MASS AND GRAVITATIONAL FORCE?
- AS THE MASS INCREASES, THE GRAVITATIONAL FORCE ALSO INCREASES.

2. W/HAT TREND DID YOU NOTICE REGARDING DISTANCE AND GRAVITATIONAL FORCE?
- THE GRAVITATIONAL FORCE DECREASES AS THE DISTANCE BETWEEN THE MASSES INCREASES, CONFIRMING THE INVERSE SQUARE
LAW.

3. How DO THE RESULTS SUPPORT KEPLER'S LAWS?
- THE SIMULATIONS AND EXPERIMENTAL RESULTS ILLUSTRATE THAT GRAVITATIONAL FORCE PLAYS A CRUCIAL ROLE IN
DETERMINING THE MOTION OF ORBITING BODIES, ALIGNING WITH KEPLER'S OBSERVATIONS ON PLANETARY MOTION.

FINAL THOUGHTS

GRAVITATIONAL FORCE IS NOT ONLY A FUNDAMENTAL CONCEPT IN PHYSICS BUT ALSO A CORNERSTONE FOR UNDERSTANDING THE
UNIVERSE'S STRUCTURE AND BEHAVIOR. BY CONDUCTING EXPERIMENTS AND ANALYZING DATA RELATED TO GRAVITATIONAL
FORCE AND ORBITS, STUDENTS CAN GAIN PRACTICAL INSIGHTS INTO THESE ESSENTIAL SCIENTIFIC PRINCIPLES. THIS ANSWER KEY
SERVES TO REINFORCE THE LEARNING EXPERIENCE, EQUIPPING STUDENTS WITH THE KNOWLEDGE NEEDED TO NAVIGATE THE
COMPLEXITIES OF GRAVITATIONAL INTERACTIONS AND CELESTIAL DYNAMICS.

FREQUENTLY ASKeED QUESTIONS

WHAT IS THE FORMULA FOR CALCULATING GRAVITATIONAL FORCE BETWEEN TWO
OBJECTS?

THE GRAVITATIONAL FORCE CAN BE CALCULATED USING NEWTON'S LAW OF UNIVERSAL GRAVITATION: F =G (M1 M2) /R"2,
WHERE F IS THE GRAVITATIONAL FORCE, G IS THE GRAVITATIONAL CONSTANT, M1 AND M2 ARE THE MASSES OF THE OBJECTS,
AND R IS THE DISTANCE BETWEEN THE CENTERS OF THE TWO OBJECTS.

How DOES THE MASS OF AN OBJECT AFFECT ITS GRAVITATIONAL FORCE?

THE GRAVITATIONAL FORCE IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THE MASSES OF THE TWO OBJECTS INVOLVED.
THIS MEANS THAT AS THE MASS OF EITHER OBJECT INCREASES, THE GRAVITATIONAL FORCE BETWEEN THEM ALSO INCREASES.



\WHAT ROLE DOES DISTANCE PLAY IN GRAVITATIONAL FORCE?

GRAVITATIONAL FORCE IS INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THE CENTERS OF THE TWO
OBJECTS. THIS MEANS THAT AS THE DISTANCE INCREASES, THE GRAVITATIONAL FORCE DECREASES RAPIDLY.

W/HAT IS THE SIGNIFICANCE OF ORBITS IN THE CONTEXT OF GRAVITATIONAL FORCE?

ORBITS OCCUR DUE TO THE BALANCE BETWEEN THE GRAVITATIONAL FORCE ACTING AS A CENTRIPETAL FORCE PULLING AN
OBJECT TOWARD A LARGER MASS AND THE OBJECT/S INERTIA ATTEMPTING TO MOVE IT IN A STRAIGHT LINE. THIS RESULTS IN A
CURVED PATH AROUND THE LARGER MASS.

How CAN WE EXPERIMENTALLY DETERMINE THE GRAVITATIONAL FORCE IN A LAB
SETTING?

IN A LAB SETTING, GRAVITATIONAL FORCE CAN BE DETERMINED USING A SETUP THAT MEASURES THE ACCELERATION OF AN
OBJECT DUE TO GRAVITY (LIKE A PENDULUM OR FREE FALL EXPERIMENT) AND APPLYING THE FORMULA F = M G, WHERE G IS THE
ACCELERATION DUE TO GRAVITY.
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In physics, gravity (from Latin gravitas 'weight'[1]), also known as gravitation or a gravitational
interaction, [2] is a fundamental interaction, a mutual attraction between all massive particles.

Gravity | Definition, Physics, & Facts | Britannica
Jun 28, 2025 - The works of Isaac Newton and Albert Einstein dominate the development of
gravitational theory. Newton'’s classical theory of gravitational force held sway from his ...

GRAVITATIONAL | English meaning - Cambridge Dictionary
A gravitational field is the area around a large object, such as a planet, where gravity has an effect.

Gravitational Force: Definition, Formula, and Examples
Feb 3, 2023 - All objects having mass attract each other with force known as the gravitational force.
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In physics, gravity (from Latin gravitas 'weight'[1]), also known as gravitation or a gravitational
interaction, [2] is a fundamental interaction, a mutual attraction between all massive particles.
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Jun 28, 2025 - The works of Isaac Newton and Albert Einstein dominate the development of
gravitational theory. Newton'’s classical theory of gravitational force held sway from his Principia,
published in 1687, until Einstein’s work in the early 20th century.

GRAVITATIONAL | English meaning - Cambridge Dictionary
A gravitational field is the area around a large object, such as a planet, where gravity has an effect.

Gravitational Force: Definition, Formula, and Examples

Feb 3, 2023 - All objects having mass attract each other with force known as the gravitational force.
It is quite noticeable in astronomical objects such as Sun, Earth, and Moon that have enormous
masses. The reason is that the force is proportional to the products of ...

What Is Gravity? | NASA Space Place - NASA Science for Kids

Jul 2, 2025 - The answer is gravity: an invisible force that pulls objects toward each other. Earth's
gravity is what keeps you on the ground and what makes things fall. An animation of gravity at work.
Albert Einstein described gravity as a curve in space that wraps around an object—such as a star or
a planet.
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Gravitational definition: of or relating to the force of attraction between two masses.. See examples
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Newton’s universal law of gravitation, formulated in his great work of mathematical physics, the
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What is gravity? | Space

Jul 30, 2023 - Gravity is one of the universe's fundamental forces and dominates every moment of
our conscious experience. It keeps us close to the ground, drags baseballs and basketballs out of the
air and...

Universal Gravitation - The Physics Hypertextbook

Every object in the universe attracts every other object in the universe with a gravitational force.
The magnitude of the gravitational force between two objects is...

Unlock the mysteries of gravitational force and orbits with our comprehensive lab answer key.
Discover how these concepts shape the universe! Learn more now!
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