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Mpemba Effect- the Effect of Time 

Jian’an Wang 

Department of Physics, Shenzhen University, Shenzhen, China 
Email: wja@szu.edu.cn 

Abstract:  

This paper draws the following conclusions on the nature of time by analyzing the relationship 

between time and speed, the relationship between time and gravitational field, the gravitational 

redshift of the photon, and the black-body radiation theorem: 

1. Time on an object is proportional to the amount of energy flowing out (or in) per unit time 

(observer’s time) per unit surface area of the object. 

2. When an object radiates energy outward: 

𝑡′ = 𝜇𝐵(T)  = 𝜇𝜎𝑇4 = 𝜇
𝑛ℎ𝜈

𝑠𝑡
        

Where t’ is the time on the object, μ is a constant, B(T) is the radiosity，the total energy 

radiated from the unit surface area of the object in unit time (observer’s time), σ is the 

Stefan-Boltzmann constant, T is the absolute temperature, n is the number of the photons 

radiated, ν is the average frequency of the photons radiated, s is the surface area of the 

object and t is the time on the observer. 

3. When the object radiates energy outward, the higher the energy density of the space (for 

example the stronger the gravitational field of the space), the smaller the radiosity B(T) of 

the object in the space, the longer the average wavelength of the light quantum emitted by 

the object, the slower the time on the object, the longer the life of the system. 

4. When the object radiates energy outward, the faster the object moves relative to the ether, 

the higher the energy density of the local space in which the object is located, the smaller 

the radiosity B(T) of the object, the longer the average wavelength of the light quantum 

radiated by the object, the slower the time on the object, and the longer the life of the 

system. 

5. When the object radiates energy outward, the higher the temperature of the object, the 

greater the object's radiosity B(T), the shorter the average wavelength of the light quantum 

radiated by the object, the faster the time on the object, and the shorter the life of the 

system. 

Applying the above conclusions about the nature of time, the author analyzes the Mpemba 

effect and the inverse Mpemba effect, and reaches the following conclusion: the Mpemba effect 

is the time effect produced when heat flows from objects into space, and the "inverse" Mpemba 

effect is the time effect produced when heat flows from space into objects. 

Key words:  

Mpemba effect, inverse Mpemba effect, nature of time , time，time dilation, gravitational redshift, 

blackbody radiation 
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Introduction: 

" Mpemba effect ", also known as" Mupainmubar effect ", refers to the phenomenon that a slightly 

hotter liquid freezes first than a slightly cooler one under the same volume, mass and cooling 

conditions. In 1963, at a high school in Tanzania, there was a junior three student named Mpemba 

who enjoyed making ice cream with his classmates. They add sugar to boiling fresh milk, let it cool, 

pour it into a latticed container, and place it in the freezer. One day, Mpemba realized that the 

freezer room was running short of space. Fearing that the other students would be the first to use 

it, he quickly added sugar to the boiling milk and sent it to the refrigerator before it cooled down. 

An hour and a half later, Mpemba noticed something that puzzled him: hot milk freezes faster than 

cold milk. What's going on here? Confused Mpemba hurriedly ran to ask the teacher, but 

unfortunately, from junior high school to high school, no teacher took his problem seriously, and 

some people thought he was absurd and said he was lying. Until one day, Dr. Osborn, the head of 

the physics department of the University of Dar es Salaam, visited his school, and he seized the 

opportunity to consult Dr. Osborn. As a result, the doctor not only did not scoff at it, but also took 

him back to the laboratory to do the experiment. In 1969, Mpemba and Dr. Osborne wrote a paper 

on this effect and named it "Mpemba effect ". 

In fact, hot water freezes faster than cold water is a mystery that has been around for 

thousands of years. Historically, Aristotle, Francis Bacon and Descartes have described the 

phenomenon in different ways, but none of them has attracted much attention [1] 

More than 50 years after the "Mpemba effect " was officially named, scientists have done 

many experiments and written many papers want to prove the principle behind the 

phenomenon[2],[3],[4],[5],[6],[7] [8], but there is still no conclusion. 

Recently, two physicists Avinash Kumar and John Bechhoefer from simon fraser university, 

Canada, have bypassed the complexity of water by replacing water molecules with tiny glass beads, 

developing a method to exhibit the Mpemba effect in a controllable environment, confirming that 

when two systems with different initial temperatures are cooled to the same temperature, the 

system with higher initial temperatures can take less time than the system with lower 

temperatures.[9] 

The result suggests that the Mpemba effect is not only present in glass beads and water, 

but is more likely to be present in nature in general. 

Analyzes the nature of time by the relation between time and velocity, time and gravitational 

field, gravitational redshift, and the black-body radiation theorem 

The relationship between time and speed is revealed, that is, the faster the speed, the slower the 

time, and the relationship between time and gravitational field is revealed also, that is, the stronger 

the gravitational field, the slower the time. The author believes that the above two reflect the same 

property of time: "The higher the energy density of space, the slower the time" [10]. Because 

physical space is composed of ether (energy), the faster the object moves relative to ether, the 

more ether (energy) the object gathers, the greater the kinetic energy of the object, the higher the 

energy density of the local space where the object is located, so the time is slower [10].  According 

to formula (5.17) [10]: 
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t = t0√1 −
v2

c2
                                                                         （2.1） 

where, t0 is the time when the object is at rest relative to the ether, i.e., v=0; t is the time when the 

object is moving with a speed v relative to the ether, and formula (5.12) [10]: 

m =
m0

√1 −
v2

c2

                                                                       （2.2）  

and the formula: 

mc2 =
m0c2

√1 −
v2

c2

=  m0c2 + m0c2 {
1

2
(

v2

c2
) +

3

8
(

v2

c2
)

2

+ ⋯ . } =  E0 +  Ek     （3） 

where m is the moving mass of the object, m0 is the static mass of the object, c is the speed of light 

in vacuum, Ek is the kinetic energy of the object, and E0 is the static energy of the object, we can 

get: 

t = (
E0

E0 + Ek
) t0                                                              （4） 

Divide the numerator and denominator on the right side of equation (4) by the volume of the 

object, and we can get: 

t = (
ρ0

ρ0 + ρ
) t0  =

t0

(1 +
ρ

ρ0
)

                                                     （5） 

In the formula, ρ is the spatial energy density caused by the kinetic energy of the object, and ρ0 is 

the energy density of the object itself. According to formula (4) and (5), the greater the kinetic 

energy, the greater the space energy density, the slower the time. Therefore, the acceleration of 

the sun's motion speed in the Galaxy would slow down the time on the sun, and thus reduce the 

solar radiation power and lead to the generation of the Ice Age [11].  

Because the stronger the gravitational field, the higher the space energy density, the stronger 

the gravitational field, the slower the time, that is, the higher the space energy density, the slower 

the time. 

Because the energy density of any field ρ and the field strength E satisfy the relation: 

ρ = eE 2                                                                             (6) 

In the above equation, e is the coefficient. According to equations (5) and (6), we can get: 

t =
t0 

(1 +
eE2

ρ0
)

                                                                        (7) 

In the above equation, t is the time on the object when the object is in the field E, and t0 is the 

time on the object when the field is zero. Obviously, the stronger the field E is, the slower the time 

t is. 

In formula (7), E can be the gravitational field，electrostatic field, magnetic field or other fields. 

So we can predict that the stronger the electrostatic field or magnetic field, the slower the time on 

the object in the electrostatic field or magnetic field. 

We can prove that, from formula (7), we can get the following relation between time and 

gravitational field in general relativity:  



 4 / 9 
 

t = t0  √1 −
2GM

c2r
                                                         （8） 

In the above equation, t is the time interval in the gravitational field of the planet, t0 is the time 

interval outside the gravitational field of the planet, M is the mass of the planet, r is the radius of 

the planet，G is the gravitational constant, and c is the speed of light in a vacuum. From formula 

(7) we can get: 

t = t0  √1 −
2eE2

ρ0
                                                     （9）  

Since the specific gravity of a general object on the Earth is basically the same as that of the Earth, 

in Formula (9) we can approximately replace the energy density of a general object on the Earth 

with the energy density of the Earth: 

ρ0 =
Mc2

4π
3

r3
                                                             （10） 

where M is the mass of the earth, c is the speed of light in a vacuum, and r is the radius of the 

earth. Substituting formula (10) and the following formula for the strength of the earth's 

gravitational field:  

E =  G
M 

r2
                                                               （11） 

into Formula (9), we get: 

t = t0  √1 −
8πeG2

3

M

c2r
                                                 （12） 

In formula (12), let 

e =
3

4πG
                                                           （13） 

then formula (8) can be obtained. 

From the gravitational red shift of the photon, the stronger the gravitational field is, the longer 

the wavelength of the photon is, and the smaller the energy of the photon is. Because the stronger 

the gravitational field is, the slower the time is. Therefore, the stronger the gravitational field is 

(the higher the energy density of space), the less the energy of the light quantum radiated by the 

object in the gravitational field is, and the slower the time on the object is. So, we can infer that 

the shorter the average wavelength of the photons emitted by the object, the faster the time on 

the object. 

Figure 1 shows the relation between the emissionvity I(λ,T) of the blackbody at different 

temperatures T (that is, the energy radiated from unit area and unit solid Angle at unit wavelength 

intervals in unit observer time) and wavelength λ in accordance with Planck blackbody radiation 

theorem. 
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Figure 1 

 

As can be seen from the figure above, the higher the temperature of the black body, the shorter 

the wavelength of its maximum emissivity 𝜆𝑚 , and the higher the emissivity 𝐼(𝜆, 𝑇) 

corresponding to the same wavelength. That is, the higher the temperature, the shorter the 

wavelength of the photons emitted by the blackbody, and the greater the emissivity. Because any 

object can be approximated as a black body, so we can speculate: when the space energy density 

is certain, the higher the temperature of the object, the faster the time on the object. Therefore, 

increasing the temperature of an object has the same effect as reducing the energy density of 

space (such as reducing the intensity of the gravitational field). Both can increase the frequency of 

radiation photons and speed up the time on the object. 

Because all changes in an object (including the changes in position) are essentially the energy 

exchange between the object and the space, time is essentially the rate of energy exchange 

between object and space. 

According to Stefan-Boltzmann's law, the total energy radiated from a unit surface area of a 

black body with absolute temperature T in unit time (observer time) is 

 

B(T) = σT4                                                                             （14） 

 

Where σ is the Stefan-Boltzmann constant (also known as the blackbody radiation constant), equal 

to 5.67×10-8W/（m2·K4）,  and T is the temperature of the blackbody. Because the higher the 

temperature of the blackbody, the greater the radiosity B(T) of the blackbody, the author 

conjecture that the time on the blackbody is proportional to the radiosity of the blackbody, that is, 

to the energy radiated from the unit surface area of the blackbody in the unit observer time: 

𝑡′ ∝ 𝐵(T)  = 𝜎𝑇4 =
𝑛ℎ𝜈

𝑠𝑡
                                                       （15） 

Where t' is the time on the black body, n is the number of the photons radiated, ν is the average 

frequency of the photons radiated, s is the surface area of the black body, t is the observer time. 
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For two black bodies at temperatures T1 and T2, we have: 

t1
′ ∝ B(T1) = σT1

4 =
nhν1

st
                                                     （16） 

and 

t2
′ ∝ B(T2) = σT2

4 =
nhν2

st
                                                    （17） 

From equations (16) and (17), it can be obtained: 

t1
′

t2
′ =

T1
4

T2
4                                                                       （18） 

If T1= 343K and T2= 263K, then we have: 

t1
′

t2
′  =

T1
4

T2
4 = (

343

263
)

4

= 2.891                                                （19） 

If T1= 10000K, T2= 1000K, then: 

t1
′

t2
′  =

T1
4

T2
4 = (

10000

1000
)

4

= 10000                                         （20） 

From the above analysis, we can conclude that the higher the temperature of the blackbody, the 

greater the average energy of the photons radiated by the blackbody, the faster the time passes 

on the blackbody, and the shorter the life of the system. 

Although the blackbody is only an ideal object, any object can be approximated as a 

blackbody, and its thermal radiation will follow Planck's law. Because any system (such as the 

heat of an object, or the deuterium tritium nucleofusion energy of a star) is composed of 

quantum. Based on the above analysis of the relationship between time and velocity, the 

relationship between time and gravitational field, gravitational redshift and blackbody radiation 

theorem, we can draw the following conclusions: 

1. Time on an object is proportional to the amount of energy flowing out (or in) per unit time 

(observer time) per unit surface area of the object. 

2. When an object radiates energy outward: 

t′ = μB(T)  = μσT4 = μ
nhν

st
                                               （21）  

where t’ is the time on the object, μ is a constant, B(T) is the radiosity，the total energy 

radiated from the unit surface area of the object in unit time (observer’s time), σ is the Stefan-

Boltzmann constant, T is the absolute temperature, n is the number of the photons radiated, 

ν is the average frequency of the photons radiated, s is the surface area of the object and t is 

the time on the observer. 

3. When an object radiates energy outward, the higher the energy density of the space (for 

example the stronger the gravitational field of the space), the smaller the radiosity B(T) of the 

object in the space, the longer the average wavelength of the light quantum emitted by the 

object, the slower the time on the object, the longer the life of the system. 

4. When an object radiates energy outward, the faster the object moves relative to the ether, 

the higher the energy density of the local space in which the object is located, the smaller the 

radiosity B(T) of the object, the longer the average wavelength of the light quantum radiated 

by the object, the slower the time on the object, and the longer the life of the system. 

5. When an object radiates energy outward, the higher the temperature of the object, the 

greater the object's radiosity B(T), the shorter the average wavelength of the light quantum 
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radiated by the object, the faster the time on the object, and the shorter the life of the system. 

Based on the above time-related conclusions, we can explain why quasars have such short lifetimes 

[12] [13],[14],[15]. Due to the extremely high temperature of quasars (up to 4 × 1013K), the average 

wavelength of the photons emitted by the quasars is very short, and the radiosity B(T) of the 

quasars is very high, which means that the time on the quasars passes very quickly, so the lifetime 

of the quasars is very short. 

In the same way, we can explain why the greater the stellar mass, the shorter the lifetime. 

Because the more massive the star, the hotter the star. The hotter the star, the greater the star's 

radiosity B(T), that is, the faster the time on the star. So，the more massive the star, the shorter 

the lifetime of the star. 

It can be seen from conclusion 4 above about time, the faster the sun moves relative to the 

Galaxy, the slower the time on the sun, the longer the average wavelength of the photons emitted 

by the sun, the smaller the radiation power of the sun, and the fewer sunspots. That is also why 

the Earth enters the ice age at regular intervals. Because the sun's speed around the galaxy is not 

uniform, when the sun moves in the orbital segments of greater speed, the solar radiation power 

will be reduced, so the earth will receive less sunlight, the temperature on the Earth will drop. In 

the orbital segment that is closest to the Galactic center, the Sun moves at the highest speed 

relative to the Galaxy, so once the solar system enters this orbital segment of the Galaxy, the earth 

enters the Great Ice Age. 

The author believes that the Mpemba effect and the effect observed by Avinash Kumar and 

John Bechhoefer in the experiment [9] are also the time effect. 

 

The explanation of the Mpemba effect 

As we can see from the conclusions in the above section, when the energy density of space remains 

constant, the higher the temperature of the object, the greater the radiosity B(T) of the object, the 

shorter the average wavelength of the photons radiated by the object, the faster the time on the 

object, and the shorter the life of the system. Therefore, although a high temperature object needs 

to emit more heat from the beginning to the end of the temperature than a same object of lower 

temperature, the average temperature of the high temperature object in the process of cooling 

from the beginning to the end of the temperature is higher than that of the low temperature object, 

the average time on the high temperature object is faster than that on the low temperature object, 

which makes it possible for the high temperature object to reach the end of the temperature first. 

In the Mpemba experiment, the water is not in a vacuum, but in the air, so in addition to the 

presence of heat radiation in water, there are also heat exchange and heat convection between 

water and air. Nevertheless, the time in the cup of water is still proportional to the energy inflow 

(or outflow) per unit surface area in unit observer time. 

In the Mpemba experiment, because the refrigerator pumps away the heat of the space in 

time to maintain the same temperature of the space in which the two cups of water are located, 

the difference of time between the two cups of water are determined only by the temperature 

difference between the two cups of water. If the initial temperature of the cold water and the 

temperature difference between the two cups of water are set properly, then it should be observed 

that the hot water freezes first. 

Since the substance (water) involved in the Mpemba experiment does not produce any 
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nuclear reactions, the static mass of the substance (water) is independent of the system under 

study, which is simply composed of the heat contained in the substance(water). Therefore, the 

change of time on the system studied does not require much energy (heat) flowing from the object 

(the water in the cup). 

 

Why is the Mpemba efect difficult to observe? 

Many people did the Mpemba experiment and most people observed that the lower temperature 

water froze first. Why? The author believes that the main reasons are: 

1. The power of the refrigerator is too small relative to the amount of water put in, so the 

temperature of the space around the high temperature water is much higher than that around 

the low temperature water. As a result, the time difference between the high temperature 

water and the low temperature water is reduced, and the low temperature water freezes first. 

This is why we observe that a basin of warm water above room temperature turns to room-

temperature cold water more quickly than a same basin of boiling water。 

2. The initial temperature of low temperature water and the initial temperature difference 

between high temperature water and low temperature water are not set properly. Because 

the loss of heat and the passage of time in the Mpemba experiment are carried out 

simultaneously and affect each other, whether hot water or cold water freezes first is related 

to the initial temperature of low temperature water and the initial temperature difference 

between high temperature water and low temperature water. 

 

The explanation of the "inverse" Mpemba effect. 

The “inverse” Mpemba effect is the effect in which “heating a cooled, far-from-equilibrium object 

takes less time than another object that is initially closer to equilibrium under the same volume, 

mass and heating conditions.” [16]. In this case, the time on the object is proportional to the 

amount of energy flowing into the object per unit surface area, per unit time (observer time). So, 

when the ambient temperature stays the same, the energy flows into the cold object faster, and 

the time on the cold object is faster. Therefore, although the low temperature object needs to 

absorb more heat from the temperature start point to the end point (equilibrium) than the high 

temperature object, since the average temperature of the low temperature object is lower than 

that of the high temperature object in the process of heating from the starting point to the end 

point of temperature, the average speed of time passing on the low temperature object is greater 

than that on the high temperature object, thus the low temperature object reach the end 

point(equilibrium)of temperature first. 

 

Conclusions: 

1. Time on an object is proportional to the amount of energy flowing out (or in) per unit time 

(observer time) per unit surface area of the object. 

2. In the Mpemba experiment the system under study is composed of the heat contained in the 
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object. The Mpemba effect is the time effect produced when heat flows from objects into 

space. The "inverse" Mpemba effect is the time effect produced when heat flows from space 

into objects. 
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