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Gravitational potential enengy (GPE)

1. What is gravitational potential enerngy
2. GPE io propenty of a system
3. Denivation of the fovmula () = -GMm/r
4. Physical meaning of the formula
5. Companing 2 neference points (00 and Fanth's surface)

6. Fovmulas and equations

/. Common miaconceptions and oéa/wlfboa/ébww
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WHAT IS GRAVITATIONAL POTENTIAL ENERGY (GPE)?

Gravitational potential enengy of a system of two massesd M and m, sepanated by
a distance n (meaawred, from centen to centen), io given as .

U=-GMm/r

[hink of GPL as the ‘stored energy’ in a
ayatem of massed due to thein gravitational
attaction, similan to how a stretched spiing
atones potential enengy
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SYSTEM VS. OBJECT nez?

CUBE
]. GPE io not a property of a single object — it i a U i a shared propenty
propenty of the aystem of two masses. of M Cmd m
9. When one mase is much langen (like Fanth and a ball), o
we often attrnibute the enerngy to the smallen object for .
corenience.

3. When both masses are similar, we must teat the energy r
as shaned by the system. i

-
i

When M >> m, the PE or [/ can be attributed M~
tom. Ao an example when ball moves

A ‘ down, the change in (J i larngely in m ?;ow
| neven see the Lanth moving up o down) Note. there io no way to divide this
enegy and say that o much belongs to

one panticle and so much to the other
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DERIVATION OF U = -GMm / R e e

U at point () . Step-by-atep Overview

1. Fg = GMm / r? (Gravitational fovce) o
2. dW = F.dr (Wonk done to move diatance ? ggg#

dW = F dr cos(180°) drn - when object iv at distance i) E

AW = -(GMm /) dr o q i @Q (mas=m)
3. Wg=-GMm /R (After integrating, n = R to o)
4 AU = - W IR (atance from
5. U -U = -W (U = Grav. PE at ), at separation 1) ; ; centen of Lanth)
6. 0-U=-W s
7.U=W Tt
8. U=-GMm /R
9. U=-GMm/r (Using a more general value n)

By taking U = O at infinity, we simplify caleulations.
What is of nelevance is the change in (/ on A/
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PHYSICAL MEANING OF THE FORMVULA cUBE

U=-GMm/r

]. [he foumula shows that at infinite separation (n = 00), (/ = 0

2. Ao objects come closer — that is, as n neduces, (J becomes more negative (see next slide)
3. So to increase separation, you need to add energy to the system

4. That is, work needs to be done to separate them.

[hink of GPE like the effort you would nequire to pull two
magnets away from each other — the closen they are, the more

tightly they cling togethenr. /n a aimilan way, gravity makes
mabses cling more strongly as they get closen .
F
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CHANGE IN VU FROM INFINITY TO EARTHS SURFACE

Potential Energy U (x10° J)
I

|
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Ao n neduces, () becomes more
negative - [hat is the two masses

are beoommg more bound

On Eanth's sunface () io most negative. [o
unbound it and take it to infinity, positive work
needs to be done, equal to the magnitude of (/.

/n thio case I/ = + 0.63 X 108 J needs to be done to
unbind the object.

When n = oo, (] = ()

)

unbound’ means to give it
enough enengy to escape the
gravitational puwll and
neach inginite sepanation

A
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20 40 60
Radius r (x1000 km)
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PHYSICAL MEANING OF THE FORMVULA -

U=-GMm /r NOTE: Positive work is
done by the upward force
produced by burning of fuel

£ xample
W=42BJ

(a) Take a 100 kg rocket 100 km above Farnth. / is about

-6.2 billion joules.

(6) [f we add 15 J of enengy, U/ becomes -5.2 BJ. [he nocket

moved farthen out. W=18BJ
(c) Add another 1B/, and () becomes -4.2 BJ, indicating
even greaten separation. W=1BJ
(d) Continue this way, and once a total of 6.2 BJ is added, (/

neaches () — the nocket iv now infinitely far and jree from
Lanth's gravity ov wnbownd

'LHEZZ// .
CUBE www.TheScienceCube.com

U= 0 Rocketis Unbound

U=-52+1=-42BJ

U=-62+1=-52BJ

o, 1100 Km, U =-6.2BJ
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COMPARING TWO REFERENCE POINTS www.TheScienceCube.com

U = 0 on Eanth's surface

1. U =0 ioset at infinity — this ib a common conuvention ]. Henre, we define () = O at Farth's surface — this is an
uaed in planetarny phybdics. approximation valid near Farth's sunface.

2. Ao the object falls from highenr to lowen altitude, GPE 9. In this model, / increases with height using (/) = mgh.
becomes more negative.

3. Vve this foumula in space o lange distance

r=oc U =0
________________ In eithen model the change in r T
EU"GMI’T]/I’E thheownecl{—mo(}/eot EU=mgh:
L | moves jrom any elevation hito  TTTTTTTTTTTOo
any othen elevation ho
r @ @
AU1 ﬂhé Q AU1 = AUZ AU2 ﬂh
9

Physico does not care about
the absolute value of (). Only
() matterw
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KEY FORMULAS & EQUATIONS

Fquation When to (Joe Noteo
7. Negative sign indicates the bound atate of the two masses.

-G %WWW 9. Themorenegative it iv, the more bound they are.
] enengy of tuo masses 3. This implies that mone external positive work needs to be done
it to unbound them. (Reference point i at infinity where (J = 0)
[o calculate change in

AU =U,-U, = Useful in converwation of enengy problemos. [n physics, this change

~GM-m (1/r, - 1/ry) WWW io what is more wseful to undenatand vaniows phenomenon,

Jo fi tati ' . , . .
U=mgh OWWW Valid only for h << R (Fanths nadius). Asswmes g is conatant.

%mhiewoa/adombyg/zau@to Uae[mfeg/za[wMzFéo varuable. Ewcmtéa[jmdméu&zg(/:
change in potential enengy. —G/Wm//z.

W = [ Fdr = -AU

www.TheScienceCube.com


https://www.thesciencecube.com/

THE D/

SCIENCE

CUBE

COMMON MISCONCEPTIONS &
CORRECT EXPLANATIONS
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B3 Misconception 7. Negative GPE means "less than gerno enengy”
2 Clanification: [he negative sign in the universal gravitational potential energy

fovmula (U = -GMm/r) does not mean "less than zen0 enengy” in a diminishing

sense.
o [t signifies a “bound system” indicating that the objects are gravitationally
attracted and nequine positive work to be done against this attaction to
separate them to an infinite distance, where GPE b conventionally set to

7e10.
o A more negative GPE value implies a lowen energy state and a strongen
gravitational atthaction, like being deepen in a gravitational well.
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X Misconception 2: Gravitational enerngy belongs only to the object
Clanification: GPE o not an  intruinsic propenty of a single object.

° [notead, it i a propenty of the interacting aystem, such as the
Eanth-object system.

o GPE arives from the mutual gravitational atthaction between two o
more maaaes,

o [hio implies that it i stored in the gravitational field due to their
nelative positions, not within one object in inolation.
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B3 Misconception 3: GPE and mgh mean the same thing alwaye.

Clarification.: No. U = mgh io a near-Larth approximation, valid only when
the height h io small compared to fFarth's nadius—becawse gravity () io
nealy conatant.

o () = -GMm/nr iv the univeraal formula for gravitational potential
enengy and mubt be used when dealing with space, planetary motion,
or satellites, whene gravity decreasesd with distance.

o (Joe mgh for ground-level problemos and -GMm/n for large-acale or

onbital acenaniod.
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B3 v iaconception 4 : Potential enengy is always meaningful on its own. [hat io
the abaolute value at variows separationsd i what ib woeful

Clarification: Only changes in potential energy (AU) have physical meaning.
o What mattens iv how much enengy changes when an object moves.

o [his change will alurays be the same no matter where you take the
neference value of (J = 0, as long as you arne consistent. [hat is, the basic
PAYLICH WOLRY

www.TheScienceCube.com


https://www.thesciencecube.com/

T 227
SCIENCE

CUBE
m M Laconception 5./ [ kinetic enengy i positive and potential energy ib negative,
the object has no enengy.

A Clanification: No. [n gravitational systems, kinetic enerngy (K) i always
positive, and potential enengy (U = -GM m/n) i negative. What matters is the
total mechanical enengy, £ =K + U.

° For bound systems like satellites in onbit on planets avound the Sun, the total
enengy £ b negative—thio means the object i gravitationally trapped. [t atill
has kinetic energy (it's moving!), but not enough to escape.

o Orbég when the total enerngy becomes zeno o positive can the oblect break free

from gravity—that's the idea behind eacape velocity. So, a negative total
enengy doean't mean “no energy —it means ‘not enough to eacape.

A satellite in low Fanth onbit has negative total energy — it's moving fast (kinetic)
but atill gravitationally tapped
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