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About This Edition

In this edition, all the answers in the book have been reviewed in the light of current scientific findings. Incorrect calculations and explanations were corrected, outdated figures were updated, and incomplete answers were completed. The repeated question “The Toppling Minaret” has been combined into a single question. Fifteen new questions from the physics of recent years and twelve new questions from the fundamental concepts of physics have been added, and the book has grown from 111 questions to 137 questions. A list of the main changes made appears in the appendix at the end of the book.

Rapidly changing figures such as records, efficiency values, and climate data are given as of mid-2026.
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​Introduction
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Physics classes in high schools have been, and still are, a nightmare for many students. Most people say that physics is a difficult subject. So what is this physics, and what do physicists try to do?

In the simplest sentence, physics is the effort to find the laws of the order that prevails in the universe we live in. As these laws are discovered, it becomes possible to model the motion of matter and energy and to make predictions. In this way, things such as what time the Sun will rise and set on a date far in the future, for example on July 11, 2114; at what speed a vehicle intended to be sent into space must be launched to escape Earth’s gravity; and how much purified uranium is needed to make an atomic bomb can be calculated in advance. The Qur’an reports that the movements of the Sun and the Moon follow a reckoning. As we have observed the universe, we have understood that in fact every entity, great or small, moves according to certain laws. If we know these laws and the initial conditions, we can theoretically calculate how any system will behave.

In addition, as the properties of matter are better understood, matter can be used to make tools and devices that make human life easier. The computers, smartphones, LED lamps, and solar panels we use are examples of this. Whether natural or human-made, all material objects are made up of particles, and the interactions of these particles with one another take place according to the laws of physics.

This book is about how the objects and events that we see around us, that we use in our lives, and that we are intimately familiar with can be explained with the concepts and laws of physics. Physics from Everyday Life will both make us look at our surroundings more carefully and show our readers in an entertaining way what physics is and how it describes the workings of the material universe.

Discovering Physics in Everyday Life

BY WAY OF EXAMPLE, I would like to mention some of the questions that we will think about and seek answers to in this book. Does water always freeze at 0 °C? Why is the sky blue? Why are mountain peaks cold? What is the maximum height an athlete can jump with a pole? At what point does a toppling minaret break? Why are there no mountains on Earth ten times higher than Mount Everest? What causes geyser eruptions? Why do migratory birds fly in a V formation? Why do stars twinkle? How do mirages seen in hot weather form? Is it possible for a person to fly under their own power? How is the photograph of a black hole taken? How does our phone’s screen understand our touch? Why does time always flow forward?

In this edition of the book, the questions have been reviewed in the light of recent scientific findings, some answers have been corrected and expanded, and at the end of the book fifteen new questions have been added that describe discoveries that have recently excited the world of physics and new technologies entering our homes, along with twelve new questions that examine fundamental concepts of physics such as space, time, mass, and force.

Hoping that this book will awaken in our readers, even if only a little, a love of investigating the book of the universe and a love of truth, we leave you alone with the mysterious, magnificent, colorful, and entertaining world of physics.
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​1  QUESTION
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In the game of skipping stones on water, how does a stone glide over the water even though it is denser than water?

[image: ]

WHEN A STONE HITS THE water at a certain speed and at a small angle, it pushes the water forward and downward. Because of the inertia of water molecules, the water cannot immediately give way to this sudden push, and by Newton’s action-reaction law it exerts an upward force on the stone. This force is of the same kind as the force that lets a speedboat or a water ski glide over the water. Its size increases with the square of the stone’s speed and with the angle at which the stone hits the water. If the speed is large enough, this lift exceeds the stone’s weight and the stone lifts off again without sinking.

High-speed camera experiments carried out in 2004 showed that the stone loses the least energy and skips the most when it hits the water at an angle of about 20°. If the angle the stone makes with the surface is much larger than this, the stone plunges into the water; if it is much smaller, it quickly slows down due to friction on the water surface. The spin we give the stone with our wrist is also important. Thanks to the gyroscopic effect, a spinning stone remains flat, without tilting, both in the air and when it hits the water. A flat, smooth, and well-balanced stone can skip dozens of times when thrown with the right speed, angle, and spin. The world record is 88 skips.
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​2  QUESTION
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Why are mountain peaks cold?

[image: ]

BEING A FEW KILOMETERS closer to the Sun has no effect. Next to the 150- million-kilometer distance between Earth and the Sun, this difference is completely negligible. The real reason the peaks are cold is how the atmosphere is heated.

Most of the Sun’s light lies in the visible and near-infrared region, and it passes through the atmosphere with very little absorption. What actually absorbs the light and heats up is Earth’s surface. The atmosphere, too, gets its heat largely from this heated ground. In other words, the atmosphere is heated from below, not from above.

Now consider a mass of air rising from the ground. Because air pressure is lower higher up, the rising air expands, and during this expansion it does work by pushing the surrounding air. Since air is a very poor conductor of heat, heat exchange with its surroundings during this process is almost negligible. Its internal energy decreases by as much as the work it does; that is, the air cools. This is called adiabatic expansion.

The cooling calculated for dry air is about 1 °C for every 100 meters. If there is water vapor in the air, the vapor condenses as the rising air cools, and the heat released slows the cooling. For this reason, the average temperature decrease observed in the troposphere is about 0.65 °C for every 100 meters. Accordingly, on a day when the temperature is 25 °C at the seaside, we would expect the temperature on a 3,000-meter peak to be around 5–6 °C.
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​3  QUESTION
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Why does water freeze at 0 °C? Does it always freeze at this temperature?

[image: ]

AS THE TEMPERATURE drops, the motion of the molecules that make up the liquid slows down. At a certain temperature, the attractive forces between the molecules prevail, the molecules settle into an orderly crystal structure, and their positions relative to one another become fixed. We call this freezing. Under 1 atmosphere of pressure at sea level, the temperature at which ice and water are in equilibrium is 0 °C. This is the melting point of water.

However, water does not have to freeze immediately when it cools to 0 °C. For crystallization to begin, a “nucleus” is needed: a dust grain, the rough surface of the container, or a small piece of ice. Very clean water without any nucleus can remain liquid well below 0 °C. This is called supercooling. In the laboratory, very small pure water droplets have been cooled without freezing to around −40 °C, and in special experiments even lower. Most droplets in clouds are also in liquid form below 0 °C. When an ice crystal touches supercooled water, the water suddenly begins to freeze.

Substances dissolved in water, by contrast, have the opposite effect and actually lower the freezing point. Seawater freezes at about −2 °C. This is also why salt is spread on roads in winter.

Pressure also has an effect. Water is one of the rare substances that expand when freezing. For this reason, as pressure increases, the freezing temperature of water decreases slightly (about 0.75 °C for every 100 atmospheres).
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​4  QUESTION
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Why is the sky blue?

[image: ][image: ]

WHAT DETERMINES THE color of the sky is the scattering of light coming from the Sun by air molecules in the atmosphere. Because light is an electromagnetic wave, it sets the electrons in air molecules vibrating. The vibrating electrons then emit light in every direction. When the molecules are much smaller than the wavelength of the light, the intensity of the scattered light is inversely proportional to the fourth power of the wavelength. This is called Rayleigh scattering. Because the wavelength of blue light (about 450 nm) is shorter than that of red light (about 700 nm), blue light is scattered five or six times more than red. Whichever point of the sky we look at, the light reaching our eye from the molecules there is predominantly blue.

So why is the sky not purple, even though violet light has an even shorter wavelength? There are three reasons for this. Sunlight contains less violet than blue, some of the violet light is absorbed in the upper layers of the atmosphere, and our eyes are much less sensitive to violet than to blue. Our brain perceives the mixture of scattered light as “sky blue.”
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​5  QUESTION

[image: ]


Why do migratory birds fly in a V formation?

[image: ][image: ]

BY FLYING THIS WAY, birds reduce their energy expenditure. Spinning air vortices form at the wingtips of a flying bird. These vortices move air downward immediately behind the bird and upward just outside the wingtips. All the birds except the one in front fly diagonally behind the wingtip of the bird ahead and take advantage of this upward air current, expending less power. For the same reason, racing cyclists and passenger aircraft also line up behind one another to save fuel.

A study conducted in 2014 with precise GPS units and accelerometers attached to northern bald ibises showed that the birds adjust their positions relative to one another precisely so as to catch the upward current, and even match the timing of their wingbeats to the air motion produced by the bird ahead. Scientists were quite surprised that the birds can do this so precisely. Because the bird in front tires the most, the birds take turns in the leader position.

Source: https://www.nature.com/articles/nature12939
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​6  QUESTION
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Why do we see much better underwater with swimming goggles?

[image: ]

FOR A SHARP IMAGE TO form on the retina, the light-sensitive layer of the eye, the eye must refract and focus the incoming light. About two-thirds of this refraction takes place at the cornea, the front surface of the eye, as light passes from air into the cornea. The refractive index of air is 1, and that of the cornea is about 1.38. This large difference provides strong refraction.

When water touches the eye directly, the situation changes. Because water’s refractive index (1.33) is very close to that of the cornea, most of the refraction at the cornea disappears. The eye’s lens cannot compensate for this on its own, and the image is focused far behind the retina. As a result, everything looks blurry.

When swimming goggles are worn, a layer of air remains in front of the eye. Because light again passes from air to the cornea, refraction occurs normally and we see clearly. Since the flat glass of the goggles refracts the light slightly, underwater objects appear about one-third larger and closer than they actually are.
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​7  QUESTION
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How do the mirages seen on roads or in deserts in very hot weather form?

[image: ]

THE MAIN REASON FOR mirage formation is that the refractive index of air changes with temperature. Because hot air is less dense, its refractive index is slightly smaller than that of cold air. In sunny weather, asphalt or sand becomes very hot. The layer of air near the ground also becomes very hot, and the temperature drops rapidly with height.

A ray coming from the sky and descending obliquely toward the ground enters progressively hotter and less dense layers of air. At each transition it bends so as to become a little more horizontal, and finally curves upward and reaches the observer’s eye. Our brain assumes that light comes in a straight line. Because the ray appears to come from below, we see the image of the sky on the ground ahead. Our brain interprets this shimmering blue image on the ground as a puddle. We call this phenomenon a mirage. Because the hot air shimmers, the image also undulates and trembles like a water surface.

[image: ]

Light coming from the sky curves upward near the hot ground; the eye sees it as if it were coming from the ground.
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​8  QUESTION
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How does a rainbow form?

[image: ][image: ][image: ]

A RAINBOW FORMS WHEN sunlight is refracted, reflected, and separated into its colors by millions of raindrops in the air. Sunlight entering a drop is first refracted at the front surface of the drop, then reflected from the back inner surface, and refracted a second time as it exits through the front surface.

Rays leaving the drop spread out over different angles. However, there is one angle at which the rays are most concentrated. Because the rays emerge in very nearly the same direction at this angle, very bright light is seen in that direction. Since the refractive index of water varies slightly with the color of the light, this angle also varies with color. Relative to the incoming sunlight, it is about 42° for red light and about 40° for violet light. This is why red lies on the outside of the arc and violet on the inside.

To see a rainbow, we need to have the Sun behind us. A rainbow is an arc of a circle with a radius of about 42°, centered on the point where the shadow of our head falls. Each observer sees their own rainbow, with light coming from different drops. Viewed from an airplane, a rainbow can be seen as a full circle. Light that is reflected twice inside the drop forms a second, fainter rainbow at about 51°, with the order of the colors reversed.

[image: ]

Refraction, internal reflection, and second refraction in a raindrop. The colors emerge at different angles (the angle difference is exaggerated in the drawing).
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​9  QUESTION
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Why do stars twinkle?

[image: ]

THE TWINKLING OF STARS is caused by turbulence in the atmosphere, and the turbulence is caused by the fact that the temperature and density of the air are not uniform. The refractive indices of constantly moving air cells a few centimeters in size are slightly different from one another. These cells refract light coming from the star first one way and then another. Sometimes more light reaches our eye, sometimes less, and the star flickers as if its brightness and color are changing. Stars near the horizon twinkle more because their light passes through a thicker layer of air.

Stars are so far away that they appear almost exactly as points in the sky, and these small deviations are clearly noticeable. Planets, because they are nearby, appear as small disks. Fluctuations in the light coming from different points of the disk cancel each other out, and planets hardly twinkle at all. If you see a “star” shining calmly in the sky without twinkling, it is most likely a planet. Today’s large telescopes obtain very sharp images by eliminating this twinkle with adaptive optics systems that bend and correct the mirror surface hundreds of times per second.
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​10  QUESTION
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How does a fluorescent lamp work?

[image: ]

ELECTRONS EMITTED FROM the electrodes at the ends of the lamp collide with mercury vapor atoms inside the tube and excite the atoms’ outermost electrons to a higher energy level. A very short time later, the excited atom returns to its former state and, in doing so, emits ultraviolet light. This invisible light is absorbed by the phosphor layer covering the inner surface of the tube. The phosphor atoms, in turn, lose part of their energy and emit visible light; this light illuminates our room. By changing the phosphor mixture, the tone of the lamp’s white light can be adjusted.

Update

Because fluorescent lamps are four or five times more efficient than incandescent bulbs, they were for many years the symbol of energy-saving lighting. However, the mercury they contain is a poisonous substance. Under the Minamata Convention, signed in 2013 and to which Türkiye is also a party, mercury-containing lamps are being phased out. Production of and trade in compact fluorescent bulbs will end at the end of 2025, and those of tube fluorescent lamps at the end of 2027. These lamps are being replaced by LED lamps, which are more efficient, longer-lasting, and mercury-free (see the question “LED Lamps”).
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​11  QUESTION
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If a stone is thrown from a boat floating in a swimming pool into the pool, how does the water level in the pool change?

[image: ]

ACCORDING TO ARCHIMEDES’ principle, a floating object displaces a weight of water equal to its own weight. While the stone is in the boat, the boat additionally displaces a volume of water whose weight equals the weight of the stone. Because the stone is denser than water, this volume of water is larger than the stone’s own volume. For example, a stone whose density is 2.5 times that of water displaces 2.5 times its own volume of water while it is in the boat.

But when the stone is thrown into the pool and sinks to the bottom, it can displace only a volume of water equal to its own volume. This is why the water level in the pool falls after the stone is thrown in. This result, surprising at first glance, is a nice application of Archimedes’ principle.

	[image: ]
	 	[image: ]


[image: ]

​12  QUESTION
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How do the giant waves sometimes seen in the oceans form?

[image: ]

THESE WAVES, CALLED “rogue waves” or “monster waves,” are waves that are more than twice as high as the surrounding waves and that appear and disappear unexpectedly. For many years they were regarded as sailors’ exaggerated stories. Their existence was confirmed on January 1, 1995, when sensors on the Draupner oil platform in the North Sea measured a wave 25.6 meters high. Satellite observations also showed that such waves occur far more often than had been thought.

Several mechanisms play a role in the formation of giant waves. The first is that waves of different speeds and directions coincide in phase at certain points and reinforce one another. The second is that waves are compressed and rise when they travel against strong currents. The third is that, under certain conditions, energy is concentrated in a single wave as a result of nonlinear interactions among the waves themselves. The extent to which each mechanism contributes is still being investigated. Recent studies show that most giant waves in the open ocean can be explained by the first two mechanisms, that is, by waves piling up on top of one another.

These waves do not travel from one end of the ocean to the other. When the waves that formed them move apart, they disappear within a few minutes.
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​13  QUESTION
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How high can an athlete pole vault at most?

[image: ]

IN THE POLE VAULT, the pole’s job is to convert the kinetic energy of the athlete coming from the run into potential energy. The pole first bends and stores this energy as elastic energy, then straightens and launches the athlete upward. If we assume that energy is fully conserved, an athlete arriving with speed 𝑣 can raise their center of mass by ℎ = 𝑣2/2𝑔. The world’s best pole vaulters run at about 10 m/s. This speed raises their center of mass by about 5.1 m. If we also allow for the fact that the center of mass is initially 1 m above the ground, the height that can be reached comes out to about 6.1 m.

This simple calculation predicted the world record quite well for many years. But today’s record has passed this value. The Swedish athlete Armand Duplantis broke the world record repeatedly from 2020 onward and raised it to 6.31 m in March 2026. The reason the calculation cannot fully explain the actual record is that, while rising on the pole, the athlete uses the arms and torso to transfer additional energy to the pole, and while passing over the bar he can curl his body so that his center of mass stays below the bar. That is, the athlete is not simply thrown like a ball; he also does work in the air.
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​14  QUESTION
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If the weight of an hourglass were measured while the sand was flowing and after the flow had ended and all the sand had collected at the bottom, would there be any difference between the two?

[image: ]

THE ROUGH ANSWER IS that, as long as the flow continues steadily, there is no difference. In a running hourglass, some sand is in free fall in the air, and this sand does not exert weight on the scale. On the other hand, the sand grains that strike the bottom exert an additional force on it as they lose their momentum. These two effects are very close to each other.

A careful calculation, however, shows that during the flow the hourglass reads very slightly heavier. The reason is the way the center of mass of the hourglass moves. During the flow, the surface of the sand above falls, while the pile of sand below rises. Therefore the downward speed of the system’s center of mass decreases very slightly over time. Slowing a downward motion requires a net upward force, and the scale provides this force. The difference is so small that it can be measured only with very sensitive scales. At the very first moment the flow begins, when the sand has started to fall but has not yet hit the bottom, the hourglass becomes slightly lighter; at the moment the last grains fall, it becomes slightly heavier.
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​15  QUESTION
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Why does a factory chimney or a minaret break in mid-air as it topples? Where is the point at which it is most likely to break?

[image: ]

A TOPPLING MINARET tries to behave like a rigid rod rotating about its base. Because the upper part of such a rotating body traces a larger arc, it has to move with a larger acceleration. A free body falling on its own falls with acceleration 𝑔. By contrast, the upper end of a rigid rod is forced to descend with an acceleration greater than 𝑔 while it rotates. For this to happen, the lower parts of the minaret must “pull” the upper parts downward. In return, the lower parts, being near the base, move more slowly than free fall.

This difference in acceleration creates a bending effect in the body of the minaret. Chimneys and minarets built of brick or stone are resistant to compression but weak against bending. When the necessary calculations are made, for a uniformly built minaret the point where the bending effect is greatest is found to be about one third of the total height up from the base. If the minaret is not strong enough, it usually breaks around there. This break can be seen clearly in photographs and videos of collapsed factory chimneys.
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