



Pictures of the brain's activity during Yoga Nidra
by Robert Nilsson 

"We had not expected the meditators to be able to control their consciousness to such an extent." 
(Brain researcher Troels Kjær, The Kennedy Institute, Copenhagen, Denmark)

	

	Preparation for the scanning at The State University Hospital in Copenhagen. The 21 electrodes connected to the EEG are in place on the head. Now all that are needed are headphones for Yoga Nidra. Only the person being measured is in the room when the measurements begin. 


Researchers have for the first time succeeded in taking pictures of the brain during a meditative deep-relaxation, with as short an exposure time as one minute per photograph. The pictures were taken by one of the most advanced medical research instruments, the PET scanner at The State University Hospital in Copenhagen. The initiators were researchers, Dr. Hans Lou and Dr. Troels Kjær from the Kennedy Institute in Copenhagen. 
    When they contacted us, they said they wanted to measure awareness! But how do you do that? At the Scandinavian Yoga and Meditation School we have previously collaborated with a number of researchers who was examining the effect of yoga's breathing exercises on blood pressure, among other things. We have also measured participants for six consequtive years, at Håå Course Center to determine the effect the three months course has on the reduction of the content of harmful fat in the blood (cholesterol); on the body's hormone balance; on the balance between the two brain halves and on the result of awareness training, for instance on the reduction of fear in a normal person. To actually measure consciousness and how the brain functions by conscious control of awareness, was, however, quite new for us. 
    At first we proposed that people doing Kriya Yoga could be measured. This is a meditation which has given very distinct results in other measurements (one of which we will present in the next issue of Bindu). As, at present, it is only possible to lie down in a PET scanner; a person sitting in a meditation pose cannot be measured. 
    We therefore agreed with the researchers to measure people practising Yoga Nidra from a tape or CD guided by Swami Janakananda. This ensured that all those who were measured did exactly the same thing. We also wanted to limit it to those who practised Kriya Yoga regularly - they were to do Kriya Yoga in the morning, before going to the hospital to have brain scans. 

The measurements
The subjects lay one at a time in the PET scanner. 
    It takes just one minute to gather the data of the brain scan, but there must also be an interval of ten minutes before the next picture can be taken. Eight pictures were produced from the scanned material. The pictures show which areas were active before (one picture), during (four pictures) and after Yoga Nidra (three pictures). 
    The person lying in the PET scanner is not disturbed by the photography, but practises the deep Yoga Nidra without a pause from start to finish. 
    At the same time the brain's activity was measured by an electroencephalograph (EEG, see also page 5) during the entire procedure. The EEG curve showed, as expected, that the subjects were in a meditative state during the entire Yoga Nidra. 

Afterwards, their brain pictures were made to the same size, as it was important that the different areas of the brain were precisely the same size and in the same location (Talairach space). The data from the pictures were compared and the mean values calculated. 

Pictures were taken of a normal waking state with closed eyes, as well as pictures of four different practices in Yoga Nidra. By comparing this data and eliminating the normal activity from the activity during Yoga Nidra, it is possible to see in which areas of the brain the activity had increased during Yoga Nidra. 
    And in order to discover what was characteristic of the normal state, in comparison to the state during Yoga Nidra, the values of the pictures taken before and after Yoga Nidra were combined, and then the values of the four pictures taken during Yoga Nidra were subtracted. 

Now the researchers wanted to see the difference between the various sections of Yoga Nidra. While the first picture was being taken, the subject was experiencing his/her body, especially the various parts of the face. The next photograph was taken during the experience of happiness and contentment, the third during the experience of a summer day in the countryside and the fourth at the end of Yoga Nidra, during the experience of "who am I". 
    After preparing the sampled data, two different pictures emerged: They showed that the more "concrete" tasks, such as the experience of the body and the landscape, activated more or less the same regions in the brain (fig. 4); while the more "abstract" tasks, such as happiness and who am I, activated other regions (fig. 3).
The results
The measurements of the brain's activity (EEG) during Yoga Nidra indicated that the subjects were in a deeply relaxed state the whole time, similar to that of sleep. The theta activity rose significantly on all the twenty one electrodes (11%p). The reduction of the alpha activity (2% NS) was insignificant; this shows that this meditative state is altogether different from that of the sleeping state and comprises conscious awareness. Furthermore, the state was constant and evenly distributed over the entire brain for the forty five minutes the relaxation lasted. 
    The research took one and a half hours per participant. During that period, the person lay completely still in the same position. When the state prior to and following Yoga Nidra - where one just lies and rests - was compared with the state during Yoga Nidra, the measurements showed a significant difference between the two states. This confirms the importance of using a technique if one wants to achieve results, such as those described in this and other articles in this periodical.

    The PET scanner's pictures show that the subjects were not in a drowsy or unconscious state during the relaxation, which is something one would expect of a person in such a deep state. The subjects remained in considerable control of what was happening. It is clearly visible how specific regions of the brain were activated sequentially, according to where the subject was in Yoga Nidra. What happens in the brain during Yoga Nidra or where it happens is not a matter of chance. 
    There was a surprisingly significant similarity between the pictures of the seven yoga teachers who were measured. 
    Something that may seem paradoxical to those who have no experience of meditation, is perhaps the fact that these clear results, which reveal a high degree of concentration, are brought about entirely without effort. While you are lying in Yoga Nidra, you are not trying to force the various things that you experience. On the contrary. The EEG shows that you are completely relaxed from start to finish. You just listen to the instructions and experience clearly what happens, as a child listening to a fairy tale - active and participating, but without effort. 
    The results confirm the experience of the yogi: Concentration is a spontaneous state, which comes of its own accord when a method is used that removes whatever is hindering it. 
    And as the doctors said: "It proves that the 1.5 kg (brain mass) with the unknown content can control its own activity in an astonishingly precise manner. From a holistic point of view, it indicates that the soul and body act in unity." 

Conclusion
Consciousness during Yoga Nidra is in a very deep and stable state. 
    At the same time the measurements show, for the first time, that one can be completely aware in such a deep state - that one can consciously experience and control the brain's activity simultaneously. This confirms that meditation is a fourth major state, equal to dreaming, sleeping and wakefulness (see also page 5). 

The results can therefore be said to be very important news within this field of research! 
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1. rest 
This picture is based on the photographs taken prior to and following Yoga Nidra. It illustrates the state closest to normal waking consciousness, though without being a tired or stressed state. Those who use Yoga Nidra remark that not only do they get something out of the deep relaxation while doing it, but that it has a definite beneficial effect on the rest of their day. 
    In this picture it is the front of the brain that is responsible for the superior control and which is active. One of its capacities is to ensure that we can function in a complex society, as it "processes" the signals from the deeper emotional and instinctive regions of the brain. 
    The brain stem and the cerebellum are also active, indicating that one is "ready for action". 
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2. meditation
This picture shows the general state during the entire Yoga Nidra. The visual centre at the back of the head and the centre for tactile sense (sense of touch and direction) at the top of the head are active and are in contact with the limbic system. This implies an increased ability to visualise and, more importantly, that there is better contact with emotions. 
    Some of the teachers also had distinct activity in the centre for long term memory, which is consistent with accounts from people who meditate, that very lucid memories can appear during or after a meditation. 
    It must, however, be emphasised from our side that the subjects' experience and their regular use of Kriya Yoga possibly intensifies the effects of Yoga Nidra.
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3. abstract
This picture is created on the basis of measurements taken during the experience of happiness and at the end of the relaxation during the experience of identity, of being centred. During these "abstract experiences" in Yoga Nidra, the centre for speech and language was especially active. 
    It must be said, however, that the pictures only show the areas where the most activity occurs, and not the general activity in the whole brain, as is shown in picture 2.
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4. concrete
It was primarily the visual and tactile centres which were active as the subjects went through the body's different parts (especially the face) and experienced a pleasant summer day in the country. 

When looking at these pictures (1, 2 and 4) one must imagine that the luminous areas are within the brain, and not only on the surface of the cerebral cortex. In picture number three, on the other hand, the activity is in the cortex. All active areas were basically the same, that is symmetrical, in both brain halves.


[image: image1.jpg]



The pictures of the brain were taken in a PET scanner (Positron Emission Tomography), which measures the flow of blood through different parts of the brain. This is done by injecting water with a weak radioactive trace into the blood stream. 
    Tomography is derived from the Greek word tomos, meaning section. In the PET scanner, numerous 4.25 mm thick sections of the brain are registered, giving a three dimensional picture of the brain's activity. 
    When one part of the brain is particularly active, the flow of blood increases, and by comparing several pictures it is possible to see where the brain's activity rises under certain conditions. 



Why it is interesting - a comment by psychologist Ronny Öhrnell. 

The EEG measurements have previously only been one dimensional - skin resistance, blood pressure etc. - and have only shown that the state changes. That means that a perpendicular dimension has been described, for example a deepening of the state. On the other hand, it has not been possible to measure or substantiate the content of that altered state. With this latest research, a horizontal dimension is added to the measurements of the altered state of consciousness, giving it life. What occurs on the deeper levels of consciousness can now be measured and shown. 
    The research shows that some sensory centers in the brain are active, but that activity is internal. From our own experience, we know that internal experiences are more changeable than those we see and hear through our senses in the reality around us. Our thoughts, our imagination and our dreams continuously take on new forms. When we allow these centers to be involved with the inner experiences, where then do the impulses come from when we are not aware of anything from outside? From deeper planes? From the surroundings, after all? Or are they formed there, in the sight and touch centers? Does the language center have the same function on the deeper inner plane? Or does it have other functions? 
    There is a "new" world to be discovered here. It can be done by taking measurements and by combining the measurements with the account the meditator gives of what he or she experiences on the way. The research also confirms a lot of what was previously described about relaxation and meditation by people who knew it through their own experience - and that what you experience within, is another reality to that of the external senses, which to a degree obey different laws. 
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Mapping the brains activity after Kriya Yoga 

by Erik Hoffmann, Ph.D. 

In the living brain, millions of nerve cells communicate with each other by emitting tiny electrical impulses. In this way, the brain is electrically active night and day throughout ones life. This activity can be registered as oscillations (popularly called brain waves) by placing electrodes on the scalp, amplifying the signals and displaying them on a computer monitor. This method of measuring is called electroencephalo-graphy (EEG). The brain oscillates at different rates (frequency) depending on the state of consciousness, just as the height of the waves (amplitude) can vary.
    There is a direct correlation between a persons activity or level of attention and his brain wave frequency (see fig. 1). During unconscious states (e.g. deep sleep) the slow delta waves with high amplitudes appear in the EEG. In the half conscious state, between wakefulness and sleep, theta waves are often dominant, and during the wakeful, mentally relaxed state with closed eyes, alpha waves dominate in most people. Finally, the high frequency beta waves with small amplitude appear during conscious wakeful activity. Thus the EEG measurements can verify whether a person is conscious (alpha and beta waves) or unconscious (delta and theta waves). The lower the EEG frequency, the more unconscious the state (fig. 1).
The four types of brain waves
Beta waves (13-36 oscillations (or waves) per second (Hz)). This is the brain rhythm in the normal wakeful state associated with thinking, problem solving and active attention directed towards the outer world. Beta waves may be classified as beta1 (13-20 Hz) and beta2 (20-36 Hz). Mental tensions, excitement and anxiety can increase both amplitude and frequency of the beta rhythms. This can cause a shift from beta1 to beta2.
    Alpha waves (8-13 Hz). Alpha is the most dominant of all brain rhythms. Most people have some alpha activity in their EEG, especially when they close their eyes, turn the attention inwards and relax. This increases the amplitude of the alpha waves. Alpha waves, which signify conscious awareness, are the "bridge" or "entrance ticket" to the unconscious, which is represented by even lower frequencies (theta and delta).
    Theta waves (4-8 Hz). Theta is the dominant brain rhythm of small children. In adults, theta waves normally appear only during dreaming or drowsiness, as well as during strong emotions. Theta waves are formed deep in the brain and reflect unconscious activity associated with emotions and dreams. Both when one comes close to unconscious memories during deep meditation and close to repressed feelings in therapy the theta activity tends to increase.
    In order to have conscious access to and remembrance of the unconscious content, alpha waves must be present in the EEG. Without alpha the unconscious content remains unconscious.
    The presence of a certain amount of theta combined with alpha in the EEG recorded during rest may signify personal insight and creativity.
    Delta waves (0,5-4 Hz). Delta is seen in new born babies and in adults during deep sleep. These slow rhythms are associated with basic survival functions deeply seated in the brain. During psychotherapy, where patients relive their own birth, the appearance of delta waves has been observed. Delta waves are associated with the deepest states of consciousness. Some consider that delta signifies contact with the collective unconscious. Delta rhythms combined with alpha can reflect an inner intuitive, empathetic radar, a kind of sixth sense.

	Fig. 1. Brainwaves and states of consciousness
The meditative state builds a bridge between the conscious and unconscious. It is a drowsy/dreamy state observed by a clear, conscious awareness. The EEG pattern is a mixture of alpha and theta waves. Theta signifies subconscious activity, while alpha reflects the conscious awareness.
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Purpose of the Study
We wanted to study the effects of Kriya Yoga on the brains activity (EEG). In scientific literature there are often reports of an increase in alpha and theta waves during and after various forms of meditation. The ancient Tantric Kriya Yoga is a powerful method for awakening and expanding consciousness, as well as for strengthening the vital and psychic energy. We therefore anticipated that the EEG measurements before and after a single Kriya Yoga session would show significant changes. Furthermore, we wanted to chart the brains activity on coloured brain maps (see fig. 4 and 5) during the distinct changes in consciousness that occur in connection with Kriya Yoga. 
	Fig. 2. Increase of alpha and theta amplitudes after two hours Kriya Yoga
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	(Wilcoxon test: *p<.05, **p<.01, ***p<.001, ns=not significant)
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	Position of the electrodes on the head during recording


Results
Eleven yoga teachers from the Scandinavian Yoga and Meditation School - all with many years experience of Kriya Yoga - participated in the research. EEG measurements were taken immediately before and after two hours of Kriya Yoga from eight electrodes, four over the left side of the brain and four over the right, placed on the scalp with the aid of elastic bands. The amplified EEG signals were transmitted to a computer, displayed on a screen and simultaneously stored on a hard disk. Subsequently the EEG data were analysed for distribution of delta, theta, alpha and beta rhythms in the EEG.
    Following the meditation, a significant rise of alpha and theta rhythms in the brain was observed in ten out of eleven subjects. For some, the alpha waves more than doubled. The increase of these rhythms was greatest in the rear part of the brain (parietal regions), where both alpha and theta rhythms rose by an average of 40% (see fig. 2). There was a general tendency for these rhythms to spread from the rear part of the brain forwards. In ten of the eleven right handed people, the alpha increased more in the right than in the left side of the temporal regions (fig. 3).
    The significance of these changes will be discussed below. All the above mentioned results are statistically significant and therefore cannot be ascribed to coincidence. 
	Fig. 3. Change in the temporal right/left (R/L) alpha ratio after two hours Kriya Yoga
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	With mentally healthy human beings, an ideal R/L ratio is 1,05 - 1,10 - a little higher (culturally determined?) activity in the left compared to the right side.
    During deep relaxation, though, human beings come nearer to a balance of 1,00 between the brain halves.
    On the other hand, with neurotic and psychiatric patients, a R/L ratio far below 1,00 is found. The greater the mental disturbance, the lower the ratio: People suffering from anxiety neurosis, for instance, show values from 0,93 to extremely low values from 0,50 to 0,60 where you find schizophrenic paranoiacs (Hoffmann,1982).

	Before
	After
	

	(Wilcoxon test: p<.05 (n=11))
	


Better contact with emotions and the subconscious
The considerable increase in alpha and theta activity in most regions of the brain after meditation (fig. 4) indicates that the brain is deeply relaxed and focused following Kriya Yoga. It also shows that through the meditation the subjects have obtained a better contact with their subconscious and their emotions.
    The great increase of alpha in the right temporal lobe is an interesting finding. Recent research in the US has shown that depressed, introvert people have more alpha in the left fronto-temporal region, while optimistic, extrovert people have more alpha in the right side. According to the American research, an increase of alpha in the right side, as found in this study of Kriya Yoga, counteracts stress and depression.
    Several scientific studies have demonstrated that theta rhythms in the EEG (mixed with alpha) correlate with the appearance of previously unconscious feelings, images and memories. Brain researchers claim that a person in the high alpha/theta state is able to confront and integrate unconscious processes.
    This knowledge from modern research supports the experience that yogis have had from Kriya Yoga over thousands of years, that the meditative state, characterised by high alpha/theta activity, can bring about a release or "cleansing" of unconscious material in a person. This study demonstrates that Kriya Yoga is an extremely effective technique for raising the alpha/theta activity in the EEG and therefore it also strengthens the associated positive effects. 

	Fig. 4 Mapping the activity of the brain before and after Kriya Yoga

	After two hours of practising Kriya Yoga, both the alpha and theta activity has risen considerably. This shows that the subject is more relaxed after the meditation and in better contact with his/her feelings and his/her subconscious.
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	Before Kriya Yoga
	After Kriya Yoga


 

	Fig. 5. Pictures of the brains electrical activity = brain maps 
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These brain maps are made on the basis of approximately 60 seconds recording of the brain waves from eight EEG channels during rest. Four electrodes are placed on the left side, four on the right side (and a reference electrode on the top of the head) (see fig. 2.). A brain map is constructed on the basis of a frequency analyser which shows the distribution in the brain of delta, theta, alpha and beta waves.

 

	As shown in fig.5, a brain map is made up of seven oval pictures, which with various colours indicate the distribution in the brain of a specific EEG parameter. These pictures depict the brain as seen from above, where the small tip is the position of the nose. Most interesting are the five pictures to the right, which show the distribution of delta, theta, alpha, beta-1 and beta-2 waves. The individual pictures show, in accordance with the tall vertical colour scale, the brain waves of the mean amplitude beneath each of the eight electrodes. Thus, the dark blue colour indicates a very small amplitude, while the red and white colours indicate maximum amplitude. The two oval pictures to the left on the brain map display respectively the distribution of the mean alpha frequency and distribution of the total amplitude regardless of frequency (0,5 -36 Hz).


	Comparing Kriya Yoga with other states 

Four examples of brain maps which show an increasing degree of contact with the subconscious. The strongly repressed person (a) has poor contact, while the meditating person (d) has the best contact with his/her subconscious. 

NB. These four brain maps come from various independent studies, fig. d. is from previous research done on some of the schools teachers where the measurements were taken during Kriya Yoga. Present research, however, measures the difference before and after Kriya Yoga meditation (see fig. 4.). 
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	a. Repressed - Extremely low alpha and theta indicates emotional blocking and poor contact with the subconscious.
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	b. Normal - Moderate alpha together with some theta shows a good balance between conscious and unconscious activity with some degree of contact with the subconscious.
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	c. Hypnosis - High theta activity during deep hypnosis shows activation of the unconscious. Low to medium alpha shows that there is little or no conscious experience of what is happening in the subconscious.
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d. Kriya Yoga - High theta activity during Kriya Yoga meditation shows activation of the unconscious at the same time as the very high alpha reflects a strong concentrated conscious awareness. There is optimal contact with feelings and the subconscious.
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Nadi Shodanas influence on the brain
Astonishing results achieved after 10 minutes – EEG measurements of the balance between the brain halves before and after Nadi Shodana 

By psychologist mag. art. Erik Hoffmann
Greater clarity and calm, but also more energy and inspiration, is what people often say they achieve by using Nadi Shodana (alternate nostril breathing). But can this be measured scientifically?
EEG and brain waves 
In the brain a continual rhythmic electrical activity is taking place, the so-called brain waves. Taking measurements from electrodes, which are placed on the scalp, is called electroencephalography (EEG).

There are four types of brain waves. During deep sleep delta waves are predominant (1-4 oscillations per second), and in a dozy, dreamy state theta waves (4-8 oscillations per sec.) dominate.

The brain waves that interest us the most are the alpha waves (8-13 oscillations per sec.). They are mostly to be found when the person has closed eyes, is mentally relaxed, but still awake and able to experience. When the eyes are opened, or the person is distracted in some other way, the alpha waves are weakened, and there is an increase of the faster beta waves (13-40 oscillations per sec.), that is the brain is activated. The amount of alpha waves therefore shows to what degree the brain is in a state of relaxed awareness. When the beta waves are predominant, we to a great extent think and act habitually. Alpha waves, on the other hand, show that the brain is in a more open and creative state, with a better contact with the emotions and the subconscious.

Scientific studies have shown that the amount of alpha waves increases during meditation, and there is a lot to suggest that people who meditate have more alpha waves than normal.
The two brain halves
The left brain half is verbal, analytical and logical in its functioning, while the right is musical, emotional and spatially perceptive. The left brain hemisphere thinks in words and concepts, and the right thinks in pictures, feelings and perceptions. In a normal brain, a spontaneous shift in balance occurs between left and right, depending on what one is doing. When one is reading, writing and speaking, the left half will be more active than the right. On the other hand, when one is listening to music or is engaged in visual spatial perception, then the right half is most active.

It is important for the creative activity of the individual to have a “correct” balance and communication between the brain halves.
Alpha R/L ratio

By calculating the ratio between the amount of alpha waves in the right and left brain hemispheres, an expression for the balance between the brain halves is obtained, the so-called R/L ratio. If there is exactly the same amount of alpha waves in the right and left brain hemispheres, the R/L ratio will be 1.00. If there is more alpha in the right brain half, the R/L ratio will be more than 1.00, and vice versa, the R/L ratio will be less than 1.00 if there is more alpha in the left brain half. 

In most people during rest with closed eyes, the R/L ratio is normally slightly above 1.00. This is probably due to our culture’s emphasis on the functions of the left brain half.

During deep relaxation, however, a balance of 1.00 between the brain halves is approached.

Previous studies (see, amongst others, the articles in Bindu no. 5 and 12) point towards that the ideal temporal R/L ratio should be around 1.10, and the post temporal around 1.15. 

The American Richard Davidson has in recent comprehensive studies found that depressive patients had a R/L ratio in the temporal lobes permanently under 1.00, whereas out-going, optimistic people had a R/L ratio over 1.00. 

With children of the age of 2-3 he discovered a R/L ratio under 1.00 in a group of shy and inhibited children, while another group of outgoing, uninhibited children displayed a R/L ratio over 1.00.
Purpose
The purpose of this study was to test the hypothesis, that the breathing exercise Nadi Shodana improves the balance between the two brain halves as reflected by the alpha R/L ratio. 
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Nadi Shodana
The alternate nostril breathing (Nadi Shodana) is a classical yogic breathing exercise. It is performed in the following manner: One inhales through the left nostril (while closing the right), the breath is held (closing both nostrils), thereafter exhaling through the right nostril (closing the left). Then one inhales through the right nostril, the breath is held, and exhales through the left nostril. This constitutes one round.

For a detailed description of the various steps of Nadi Shodana, see the book Yoga, Tantra and Meditation in Daily Life by Swami Janakananda (Weiser).

Method 
Two groups, of 12 subjects each, had their EEG measured before and after Nadi Shodana. Group A consisted of teachers and students of the Scandinavian Yoga and Meditation School in Copenhagen with many years experience of Nadi Shodana. Group B consisted of students of the school who had just learnt Nadi Shodana. All subjects were right-handed. We avoided left-handed people, who can have a different balance between the brain hemispheres.

All subjects performed five rounds of Nadi Shodana as described previously. This took 10 to 15 minutes. The EEG measurement was taken from four electrodes on the left and four on the right side, placed on the head with the aid of an elastic band (see fig. 2). The signals from the electrodes were relayed through an amplifier to a computer, where the eight channels of EEG was displayed on screen. They were simul​taneously stored on the hard disk for future analysis. Periods of about 60 seconds EEG recording, one before and one following Nadi Shodana, were analysed for the temporal and post-temporal lobes, which are considered the most important sites to measure this balance.
Result 
With all subjects in the experienced group, changes occur towards an optimal balance (fig. 1). Five people, who previously exhibited a R/L ratio below 1.00, had a value over 1.00 following Nadi Shodana. And vice versa, five people who had a high R/L ratio before the exercise achieved lower values towards the optimal after the exercise. 

The mean temporal ratio fell from 1.19 to 1.11, while the post temporal ratio fell from 1.43 to 1.19. These changes are statistically significant and cannot be due to coincidences.

Even though most of the changes in the inexperienced group are in the direction towards balance they are not, however, statistically significant.
Discussion and conclusion
For several of the advanced participators, apart from more alpha waves, there was also an increase of the amount of beta waves after Nadi Shodana. This might seem paradoxical, as such an activation of the brain normally involves a decrease in the amount of alpha waves. This could be interpreted as that you become more active and at the same time remain calm and clear in the head. 

We found a similar “paradox” during a previous study where we measured EEG during the deep relaxation Yoga Nidra. Normally when the amount of theta waves increases, the alpha waves decrease and you fall asleep. During Yoga Nidra, however, the theta waves increased, but the decrease of alpha waves was minimal. This means that you don’t fall asleep, but remain aware and awake also in the deeper state. 

In figure 3 you can see how the amount of alpha waves has increased in the right brain half after Nadi Shodana, and there is an optimal R/L ratio. 

Previous measurements before and after Kriya Yoga show the same favourable changes as after Nadi Shodana. The average temporal R/L ratio after Kriya Yoga was 1.12 together with a significant rise of alpha waves (see Bindu no. 12).

EEG-measurements of participants on the three month courses (1986-91) showed the same improvement of the R/L ratio. The measurements then, however, were not done in connection to any meditation practice, but during ordinary rest, before and after the course. This result indicated a permanent long-term effect (see Bindu no. 5).

These positive changes were found in all instances in regions of the brain that are closely linked to the limbic system, which is the seat of our emotions.

On the basis of our results we therefore conclude that Nadi Shodana, if it is done regularly over a longer period of time, has a favourable influence on the balance between the brain halves and thereby an emotionally stabilising effect on the individual.
	Fig. 1 R/L ratio before and after Nadi Shodana (alternate nostril breathing)
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	A. Five persons in the advanced group, who initially had a R/L ratio below 1.00, after Nadi Shodana exhibited values over 1.00. And conversely, five persons who before the exercise had a high R/L ratio achieved lower values after the exercise. So all persons in this group approached the best possible relation between the brain halves. After Nadi Shodana everybody in the advanced group came very close to the average value, which means it is statistically significant. 

B. In the inexperienced group the values after Nadi Shodana showed greater variance, which entails that this result is not statistically significant (even though their average for the temporal area is the same as the optimal value).

	* these changes are statistically significant and cannot be ascribed to coincidence.
Wilcoxon test: * p<.001, ns= not signifikant, N=10


 

	Fig. 2 The position of the electrodes on the head during EEG-measurement
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	In this study we have used the four points of measurement (T3-T6) on the temporal lobes


 

	Fig. 3 Brainmaps
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	The central figures on the pictures (see arrows) show the alpha activity before and after Nadi Shodana. If you compare these you see that after Nadi Shodana the amount of alpha waves in the right brain half has increased (more red), and that the balance between the brain halves has improved. (For more information about brainmaps see Bindu no. 12.)


