Answers to Nov-Dec issue's Do You Know?

1. Why do memories of vivid dreams disappear soon after waking up?

Ans: We forget almost all dreams soon after waking up. Our forgetfulness is generally attributed to neuro-chemical conditions in the brain that occur during REM sleep, a phase of sleep characterized by rapid eye movements and dreaming. But that may not be the whole story, according to some researchers.

Apparently there is a hormone called norepinephrine in the cerebral cortex, a brain region that plays a key role in memory, thought, language and consciousness. Its presence enhances memory in humans. Some scientists say it is the absence of norepinephrine that causes us to forget dreams.

In general, we are very good at forgetting non-essentials. In fact, many of our thoughts, not just those we have while dreaming, are lost. We tend to recall only things that we think about often or that have emotional significance for us: a problem, a date, a meeting. Mulling over important thoughts activates our dorsolateral prefrontal cortex (DLPFC), a brain region that facilitates memory.

Although most dreams vanish, certain ones tend to remain. These dreams were so beautiful or bizarre, they captured our attention and increased activity in our DLPFC. Thus, the more impressive your dream or thought, the more likely you are to remember it.

Try to remember exactly what you were thinking of when you were brushing your teeth this morning. If that is difficult, it should not be surprising that dreams are forgotten. 

2. Are strange science theories like Quantum Mechanics actually useful in everyday life? Should scientists waste public money on such research simply for their curiosity?

Ans: Without quantum mechanics there would be no transistor, and hence no personal computer; no laser, and hence no Blu-ray DVD players!

There are three very strange ideas that quantum mechanics asks us to accept: that light is a particle called a photon; that matter has a wave nature associated with its motion; and that everything, light and matter, has an intrinsic angular momentum or spin that can only have discrete values like 1/2, 1, etc. But if you accept these, you can then see how lasers work. You can see how a transistor works or a computer's hard disk drive or magnetic resonance imaging-a host of technologies that we take for granted in our life.

Lasers, for example, are devices that emit powerful light. Indeed, LASER stands for Light Amplification by Stimulated Emission of Radiation. The emitted laser light has a high degree of coherence, that is, the generated light is very similar to the input signal in wavelength and phase (this means that at a given time, all the light has the same amplitude). This is unattainable using other technologies.

At the heart of the functioning of a laser is the quantum mechanical understanding of atoms. Atoms have electrons going around a central nucleus, held together by electromagnetic forces. These electrons cannot occupy any space around the atom, but live in orbitals with specific energies: this discrete energy value is due to the quantisation. When light falls on an atom, it can interact with the atoms only if the energy of the light (fixed by its frequency) matches the difference in energies between two electron orbitals. Then the electron can absorb the light photon and jump to the higher energy orbital. 

Laser action involves pumping of several electrons up to a higher energy state, and then stimulating them to emit back photons and jump back to the lower energy state. The emission process causes light of the same frequency to be emitted, in phase, and the pumping action allows for an amplification of the signal as well.

The beautiful aspect to this is the scientists who developed this were not trying to make a cell phone; they were not trying to invent a DVD player. If you went to Erwin Schroedinger in 1926 and said, “Nice equation, Professor. But what is it good for?” He could not have said, “Well, if you want to store music in a compact digital format ...” Nor would we have believed him if he had made such predictions!

But without the curiosity-driven understanding of how atoms behave, how they interact with each other, and how they interact with light, the world we live in would be profoundly different, much poorer.

3. I have heard that watching TV can be bad for children. But can't regular physical exercise counteract any negative effects of TV watching?

Ans: If it is only the sedentary nature of TV watching and computer play (sitting in one place for a long time) that is the problem, it can easily be counteracted by regular physical exercise. But research suggests that what affects children are rather the media themselves.

When the TV watching or computer play is less than two hours in a day, high levels of physical activity might compensate. But above that threshold, the negative psychological effect of screen viewing dominates.

A study published in the medical magazine Pediatrics recently (in October 2011) reported that they examined nearly a thousand children in Bristol, England, and found that children who spend more time in front of a screen have emotional, social, conduct and concentration problems (than other children) and physical activity helped less. Moreover, with every half hour of TV watching, attention problems increased that much more.

4. Can people actually die because of hot weather as in a `heat wave'?

Ans: Extreme heat can be devastating but does not kill directly. But heat strokes can cause “loss of function” which can eventually be fatal. According to a 1998 study in the USA, among all those admitted to hospital for heat stroke, 28% died within a year.

Heat exhaustion is a common reaction to severe heat and can include symptoms such as dizziness, headache and fainting. It can usually be treated with rest, a cool environment and hydration (drinking lots of water, often including refueling of electrolytes, which are necessary for muscle and other body functions through salt intake). Heat stroke is more severe and requires medical attention-it is often accompanied by dry skin, a body temperature above 103 degrees Fahrenheit, confusion and sometimes unconsciousness. 

How do we cope with heat? The two ways we have are by perspiring and breathing. Humidity is the problem: If you have tremendously high temperatures and high humidity, a person would be sweating but the sweat would not be drying on the skin. When a person is exposed to heat for a very long time, the first thing that shuts down is the ability to sweat. Once a person stops perspiring, in very short order a person can move from heat exhaustion to heat stroke.

If the body temperature increases very rapidly, the central nervous system and circulatory system may be impacted. 

5. Is it possible for a muscle to turn into a bone?

Ans: Normally not, but in the case of a rare disease called Fibrodysplasia Ossificans Progressiva (FOP), patients have this problem. Some soft tissue cells in such a person's body randomly get the message to transform into stiff bone cells. The disease first appears at birth, when a baby appears normal but has bent big toes. By early childhood, however, some of the body's connective tissues-including muscles, ligaments and tendons-have begun ossifying into skeletal bone, locking the joints and distorting posture and movement. Some of this bone formation seems to be spontaneous, while some can be brought on by trauma from surgery or even a mild impact, sometimes with spinal cord injury. 

There is a protein pathway known for a long time to stimulate cells to differentiate into cartilage and bone. This (FOP) disease is caused by a mutation that occurs in the gene ACVR1 on that pathway. It then produces a protein that is a receptor which sits on the cell membrane-so part of the receptor is outside of the cell, and part is on the inside. The receptors receive a signal from outside, and when it binds, that information is transmitted through the receptor to other proteins within the cell, thus creating a chain of events to change how the gene works in the cell. 

Identifying these biochemical changes is important, since it offers hope for cure for patients afflicted with this rare disease.

6. I read of a cricketer developing a `stress fracture'. What is it, and how does it develop?

Ans: Consider the many forces involved in sports, then it would not be a surprise that when players put great stress on their bodies, the damage to bones may be too much for the body to repair. They may sustain serious injuries to their muscles, ligaments, tendons and bones.

What is a stress fracture, and how does it develop? It is actually a very small, microscopic fracture that occurs in the outside portion of a bone called the cortex. A bone that is constantly under stress will eventually weaken or give. The body keeps up with these stresses by generating “osteoblasts”, cells that make bones. At the same time there are “osteoclasts”-cells that take away older diseased or broken bone, or bone that is worn out.

You have a balance between osteoblastic activity and osteoclastic activity. Eventually osteoclastic activity wins out, and that is literally the breaking point.

It would be great if such fractures would heal naturally. Unfortunately, fracture in bones that do not have a good blood supply, do not heal on their own. Without a good blood supply you will not get the osteoblast cells. Under good conditions, for a relatively healthy young person, the fracture would heal in eight to 12 weeks. But professional players often rush back to play. Sometimes they put titanium screws and plates in to take the stress, but the bones themselves may not heal.
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