
Good morning!

Please, login into webassing, locate 
LectureMCQ_L22 (PY105)
and answer question 1 
(but ONLY Q1!).

Lab 9 is in B9



Gravity
(examples)



Between a large planet and a small object.
G = 6.67x10-11 Nm2/kg2

MEarth = 6x1024 kg

REarth = 6.4x106 m

Find the force acting 
from the Earth on a 
1 kg object placed on 
its (the Earth’s) 
surface.
0. ~  1 N      1. ~ 10 N
2. ~ 20 N     3. ~ 30 N  
4. ~ 40 N     …  Etc.
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G = 6.67x10-11 Nm2/kg2

MEarth = 6x1024 kg
REarth = 6.4x106 m

Find the force acting from the 
Earth on a 
1 kg object placed on its (the 
Earth’s) surface.





Calculate the Earth’s 
gravitational 
acceleration 20 km 
above the surface.



Calculate the net gravitational 
force acting on a 1 T satellite 
located exactly at the middle 
point on the line connecting the 
Moon and the Earth. 

MEarth = 6x1024 kg MMoon = 7x1022 kg DMoon-Earth = 385000 km
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For a small satellite orbiting 
a large planet with a constant 
speed, the acceleration at 
the shown instant points:
1. Up         2. Down
3. Left       4. Right
5. Away from the planet
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a = aC = V2/(R+h)
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Calculate the speed and the 
period for a satellite orbiting 
the Earth very close to it. 

G = 6.67x10-11 Nm2/kg2

MEarth = 6x1024 kg
REarth = 6.4x106 m

“very close”  =>   h << R => set h = 0

First Cosmic (orbital) Speed

! = #$
% = #$

& ≈ ( )*/,

≈



v1
v2
= ?

Two planets orbit a 
star. Calculate …

m1 = 4m2m1

m2

M



Wgravity =Ui −Uf

Ug

r

The EXACT expres-
sion for GPE

The SAME connection!

when  h << R !

!" =-G$%$&
'

or



r = ∞
v = 0 

Set h = 0 
vmin = ?





(Second Cosmic Speed)



Gravity
DONE!



Next topics (do not read this slide)
Temperature, temperature scales, thermal contact, thermal conduction, thermal 
equilibrium, measuring temperature, heat, internal energy, meaning of temperature, 
meaning of heat, thermal expansion, coefficient of thermal expansion (CTE), linear, 
areal, and volumetric CTE, heat capacity, specific heat (capacity), thermally 
insulated system, heat balance equation (an equation for thermal equilibrium), 
phase transition, critical temperature, latent heat (capacity), method for solving 
thermal equilibrium problems, convection, thermal radiation, thermal conduction, 
thermal conductivity, the ideal gas, absolute temperature, a mole, the Avogadro’s 
number, the universal gas constant, RMS values, the ideal gas law, iso – laws, 
graphs for gas processes (PV, VT, PT diagrams), the Boltzmann’s constant, the 
meaning of the absolute temperature, the meaning of the pressure, degree of 
freedom, the equipartition theorem, monatomic, diatomic, polyatomic gas, 
calculating internal energy, the first law of thermodynamics, work done by gas, 
calculating specific heat (Cv, Cp), isothermal process, adiabatic process, 
thermodynamic cycle, work done over a cycle, heat engine, entropy, second law of 
thermodynamics, heat engine efficiency, the Carnot cycle, maximum (ideal) heat 
engine efficiency, a heat pump and a refrigerator(the last topic of test 3)



A change by 1o C is the same as a change by 
1.8o F. To convert between Celsius and 
Fahrenheit we use:

A change by 1o C is the same as a change by 
1 K. The Celsius and Kelvin scales are just 
offset by about 273. T ~ t + 273

DTF = DTC



ΔT = Δt

~ t + 273



ΔT = Δt





What happens to holes?
When an object is heated and 
expands, what happens to any 
holes in the object when we heat it 
up? 

1. The holes get smaller
2. The holes stay the same size
3. The holes get larger
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From Prof. Skocpol



HEAT
HEAT, Q, is the amount of energy one object 
can transfer to another object (or take from 
another object) to (a) change the temperature 
of another object without doing any work on 
it, or (b) change the phase of the object 
without doing any work on it.

1 calorie = 4.184 J

HOT COLD HOT COLDOR

Direct contact Radiation



“When an ice cube is taken out of a 
freezer and placed on a heat plate it 
immediately starts melting”

1. This statement is correct
2. This statement is wrong
3. This statement depends on a 
personal views on climate change
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An ice cube is taken out of a freezer 
and placed on a heat plate.

t (s)

t (0C)



An ice cube is taken out of a freezer and 
placed on a heat plate (in a closed container).

t (s)

t (0C)

ice warms up;
“solid water”
a.k.a. ice

ice melts;
mixture of 
“solid and 
liquid water”

water warms up;
“liquid water”

water boils;
mixture of “liquid 
water” and “gaseous
water”, a.k.a. vapor vapor warms up

start

finish
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Vapor (in a closed container) taken from on 
oven and placed into a freezer. 

t (s)

t (0C)

ice cools down

water freezes water cools down

condensation 
of vapor 
into water vapor cools down

start

finish



Heat 
Heat exchange might lead to: (a) temperature 
change or (b) phase/state change/transition.

Larger DT

More heat

For an object 
changing its 
temperature:

For an object 
changing its 
phase (state):

More massive 
object

More heat



Heat exchange might lead to: (a) temperature 
change or (b) phase/state change/transition.

Q = C*(Tf - Ti)

For an object 
changing its 
temperature:

Heat capacity 
of an object

For an object 
changing its 
phase (state):

Latent heat of 
substance

|Q| = Lm
C = Q/DT

c = C/m
Specific heat capacity 
of the material/substance Q = cm*(Tf - Ti)



Q = cm*(Tf - Ti)

Q = Lm

Q = Lm

Q = cm*(Tf - Ti)

Q = cm*(Tf - Ti)

Absorbing heat

start

finish



Q = cm*(Tf - Ti)

Q = -Lm

Q = -Lm

Q = cm*(Tf - Ti)

Q = cm*(Tf - Ti)

Releasing heat



Q = ±Lm ( + is for absorbing Q
- Is for releasing Q)



Q = C*(Tf - Ti)
For an object changing its temperature:

Heat capacity 
of an object

Absorbing: Q > 0 ó Tf > Ti

Releasing: Q < 0 ó Tf < Ti

For an object changing its phase (state):

Latent heat

Q = ±Lm
Q = ±Lm

Absorbing (melting, boiling): 

Releasing (freezing, condensing): -Lm < 0
> 0

We need to select + or -



Q =C(Tf −Ti ) = cm(Tf −Ti )
C = cm is heat capacity of an object

c =C/m is specific heat capacity 
of a substance

for a temperature 
change



c = Q
m(Tf −Ti )

=
Q11
1⋅1

Specific heat 



Thermal equilibrium

T3i

T2iT1i

T1 f = T2 f = T3 f = Tf

Tf
Tf

Tf

1. Insulated (isolated) system (there is NO heat 
exchange with the surroundings; No heat 
exchange with the outside world

2. No mechanical work is done   



Thermal equilibrium

T3i

T2iT1i

T1 f = T2 f = T3 f = Tf

Tf
Tf

Tf

or
ΣQ =Q1 +Q2 +Q3 + ... = 0

Σ |Q |Absorbed= Σ |Q |Released HBE

LCE



The 
summary 
for HW3P3 

ΣQ =Q1 +Q2 +Q3 + ... = 0 For an insulated system

ALWAYS!



READY  TO  FINISH!



A 10 g lead bullet travels at 
100 m/s. The initial temperature of the 
bullet is 20° C.

Then the bullet hits a target and stops. 
Will the bullet melt?
1. Yes!        2. NO!
3. We need more information!
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A 10 g lead bullet travels at 
100 m/s. The initial temperature of 
the bullet is 20° C. 
Then the bullet hits a target and 
stops. 
Will the bullet melt?
1. Yes!        2. NO!
3. We need more information!



Q = ±Lm

Q = cm(Tf −Ti )cIce = 2.09 kJ/(kg C)

Convenient approximations:
cW = 4000 J/(kg °C);     cice = 2000 J/(kg °C); 
Lf = 300000 J/kg;         Lv = 2000000 J/kg; 

: WATER/ice

water        ice
water         vapor


