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Abstract: Although mechanistic studies on Yoga and meditation have demonstrated their efficacy 

over the past few decades, very few studies have focused on the Yogic state of Samaadhi, characterized 

by an ultimate state of peace and happiness. In this study, we probed electrophysiological correlates 

of Samaadhi in a Yogi par excellence. This research was conducted in the 1980s and is now being 

brought to the public domain. We characterized changes in muscle, cardiac and brain electrical 

activity, as well as breathing during about 30 minutes of meditative Samaadhi using a multichannel 

polygraph system during two experiments in 1985 and 1988. Spectral analysis was carried out using 

computers in the late 1980s. During meditation, we observed a substantial reduction in breathing 

amplitude (to <5% of pre-meditation levels) and subjectively measured heartbeat and pulse 

amplitude. Cardiac electrical activity remained intact, but the data pointed to the possibility of a 

considerable reduction in cardiac mechanical activity. Muscle contractions were consistent and 

substantially higher. A unique pattern of alpha as well as beta activity was observed in frontal 

electroencephalogram (EEG) electrodes, and alpha activity with occasional beta activity was 

observed in occipital EEG electrodes. During an epoch of eyes open state (within the meditation 

phase), EEG patterns resembled a deep meditative state, such as high occipital alpha and beta activity 

and frontal beta activity, which is strange because occipital alpha activity typically vanishes with the 

eyes open. Taken together, we provide preliminary evidence for the electrophysiological correlates 

of Samaadhi. The patterns observed from multiple modalities, taken together, were unique and 

different from those typically seen in adults. They were distinct from the electrophysiological 

correlates of three typical states of consciousness (awake, dreaming, sleeping). Further research with 

the latest technologies and analytical tools is required for a better mechanistic understanding of the 

state of Samaadhi. 
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1. Introduction 

Yoga was developed in the Indian subcontinent several thousand years ago [1,2], and one of its 

core tenets is the existence of a fourth state of consciousness called Samaadhi (the earliest mentions of 
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it being in the Upanishads [3]), separate from the other three states, viz. awake, dream and non-dream 

sleep. Yoga deals with the understanding of and the means to attain Samaadhi [4,5] through the 

practice of Yogic meditation as a tool and supported by a lifestyle conducive to attaining it [6]. In 

Yogic tradition, meditation is used as a tool for achieving Samaadhi, whereby typically, focused 

attention-type meditation is employed [7] (focusing all attentional resources on an object/image of 

interest and maintaining that focus while blocking out all other distractors, including real-time input 

from the senses and memory input from the past). In ancient Indian literature, including Yogic 

literature, Samaadhi is described as the pinnacle of human achievement of supreme bliss and peace; a 

state which can be replicated across individuals and which every human being is equipped to attain 

[6,8]. Given the subjective nature of the Samaadhi experience, and the difficulty in explaining it to 

someone who has not experienced it, Samaadhi has primarily remained a topic of qualitative 

deliberation among traditional scholars [9]. The evidence for its existence and its characteristics have 

been chiefly the word of those who claim to have experienced it (e.g., [10,11]), the consistency of 

experiential accounts across scores of individuals [12], vast examples of such individuals in every 

century of India’s recorded history over thousands of years in distinct geographical sections of the 

Indian subcontinent [13], and the extensive philosophical literature on meditative states and Samaadhi 

in India as part of the Vedic and Yogic traditions over several millennia [9]. 

Despite this compelling background, the evidence so far is primarily subjective, qualitative, 

situational, and historical. There is a need for objective quantitative measurements of the state of 

Samaadhi from a neutral or third-person perspective. Such evidence is necessary for understanding 

the nature of Samaadhi from a neutral scientific standpoint. Treating this subject matter as a purely 

metaphysical one has kept it outside the realm of precise mechanistic investigation of scientific 

research. Quantitative measurements of Samaadhi are required to understand the bodily processes 

underway during Samaadhi, how it differs from other states, and whether it truly is the pinnacle of 

human experience [14]. To conduct such research investigations, two requirements must be met – (i) 

the availability of human subjects capable of attaining a higher state of consciousness such as 

Samaadhi, and (ii) the availability of technology and tools to measure quantitative changes in the body 

during that state. So far, a few scattered attempts have been made to study mystic phenomena, 

including the control of sensory and autonomic functions using Yogic practices [15–22]. However, 

not many studies have investigated Samaadhi directly (apart from one study claiming to study 

Samaadhi in four Yogis [23]). The collective progress toward the neurobiological and physiological 

understanding of Samaadhi has been insufficient, one reason being that it has been challenging to find 

suitable individuals in the last few decades after it became technologically feasible to conduct such 

experiments. The broad idea has been to make measurements of bodily signals during the Samaadhi 

state, to understand changes in the body (including the brain or spinal cord) during Samaadhi, and if 

possible, to decipher the physiological imprints of the experience during that state. 

We do not make any claims about the nature of Samaadhi, whether it is an extra-sensory divine 

experience or not. Our argument merely is that irrespective of the nature of Samaadhi, the experience 

must leave traces or correlates on the body, which can be measured with instruments. In the current 

study, we took a step in this direction by measuring the electrophysiological correlates of an altered 

state of consciousness in a Yogi par excellence. It is to be noted that we are studying only one Yogi 

here because Yogis who can attain the state of Samaadhi at will are extremely rare to find for 

conducting an experiment, and it is also challenging to get their consent to participate in an 

experiment. Our study must be viewed in this light and differentiated from those studies where a 

large number of meditators practicing meditation are considered.  

The report is organized as follows. The next section explains methodological details. The third 

section presents the findings, discusses them, and gives the scope for future work. The final section 

draws conclusions. 
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2. Materials and Methods 

2.1. The Yogi (Subject) 

Historical records and individual accounts consider Smt. Vijayalakshmi Srimataji to be a Yogi 

par excellence, with expertise in attaining the Samaadhi state with ease and at will [24–26]. In the 

1980s, in order to support the scientific investigation of Yogic meditation using modern technologies, 

we approached Smt. Vijayalakshmi Srimataji (the President of Ashtanga Yoga Vijnana Mandiram 

[AYVM] at the time) to participate in our proposed experiments. When we approached her with our 

ideas, she extended her support, provided informed consent, and agreed to our request to record 

data on her meditative states. The founder and first president of AYVM, Sri Sriranga Mahaguru, had 

initiated the idea of making scientific measurements of the Samaadhi state long ago in 1955. The 

experiments he had conducted with Srimataji as the subject served as a precursor and motivation for 

the current study. Details about this historical context and its relevance for the current study can be 

found in the Appendix. 

2.2. Experimental Timeline 

Below is an account of the two experiments conducted with Smt. Vijayalakshmi Srimataji as the 

subject and the corresponding timeline. The first experiment was conducted on 16 September 1985 

between 4:28 pm and 5:05 pm (37-minute acquisition) at National Institute of Mental Health and 

Neurosciences (NIMHANS), Bangalore, India. Multi-channel electrophysiological data were 

acquired with four electroencephalogram (EEG), one electrocardiogram (ECG), one electromyogram 

(EMG), and one respiration channel (using an 8-channel polygraph system). The second experiment 

was conducted on 26 November 1988 between 6:33 pm and 7:04 pm (33-minute acquisition) at 

NIMHANS with more channels and better equipment. In this case, 21-channel electrophysiological 

data were acquired with thirteen EEG, one electrooculogram (EOG), two EMG, two respiration, one 

galvanic skin response (GSR), one photo-plethysmogram (PPG), and one ECG channel. Additionally, 

specific observations were documented in real-time during both experiments. After that, a 

preliminary investigation of the recordings was conducted, and this manuscript resulted from the 

same. 

We emphasize that merely preliminary analyses are reported here, which were conducted in the 

1980s with the facilities, computational power, analytical tools and resources available at that time. 

The full breadth of planned analyses is scope for future work. Nevertheless, the nature of the 

preliminary results motivated us that the findings are significant and novel enough to report. The 

timeline of this project is as follows. The project was conceptualized by D.N.D. in 1982. The team of 

D.N.D, G.R.G. and C.R.R. led the experiments in 1985 and 1988. D.N.D. prepared a preliminary report 

on experiment-1 in 1988. Subsequently, analyses of data from experiment-2 were conducted between 

1988 and 1990 by D.N.D. and N.P. Recently, D.N.D. wrote a report of these findings with the help of 

D.R. and G.D. The report was further expanded into this comprehensive scientific manuscript mainly 

by D.R. and G.D. during 2022–24. We note that there is a long gap between data acquisition and 

public reporting of its results. This is because, even though we had consent to acquire the data, we 

obtained consent to publish those results in the public domain only now. 

2.3. Instruments Used and Signals Recorded 

For experiment-1, an 8-channel polygraph system situated at NIMHANS was used for data 

acquisition. A 4-channel Hewlett-Packard instrumentation tape recorder (connected to the 

polygraph) from the Indian Institute of Science, Bangalore, India, was used for recording EEG signals 

on a tape for further analysis on a computer. Independently, 8-channel data from the polygraph was 

printed in real-time on a paper trace. In addition, an audio tape recorder from AYVM was used for 

recording the real-time verbal description of the experiment during the course of the experiment. 

Specifically, naaDi was examined in real-time by an experienced Ayurvedic practitioner (G.R.G.) and 
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narrated for the audio record (more on this later). The experimental protocol was the same in 

experiment-2, except that 21 channels of data were acquired. 

The polygraph instrument used by us simultaneously recorded multiple electrophysiological 

signals such as EEG, ECG, EMG, EOG and respiration. Its write-out system traced these signals on 

paper for later study. Its electrical output points were used to record the signals on tape using an 

instrumentation tape recorder. We present below a brief description of the signals that were recorded 

using instruments. A more detailed description can be found in the Appendix. We used ECG to 

measure the heart’s electrical activity [27]. Voluntary skeletal muscle contractions also result in 

measurable electrical activity, and were recorded as EMG [28]. Relatively higher EMG frequency and 

amplitude occur when muscles contract. We used EOG, a variant of EMG with electrodes placed 

close to the eyes, for measuring eye movements assessed based on the corneo-retinal standing 

potential [29]. For measuring breathing/respiration, we used  a thermistor (a temperature-sensitive 

resistor) [30] placed near the nostrils, wherein its resistance varied as hot air blew through it during 

expiration, and relatively colder air passed through it during inspiration. Finally, we acquired EEG 

that measures neuronal potentials on the scalp, where individual neuronal signals are summated, as 

millions of them discharge synchronously. Using EEG, we characterized Alpha waves (8–13Hz) that 

typically appear over the occipital lobes in the awake, mentally relaxed state with closed eyes, and 

disappear when the eyes are open [31], and beta waves (13–30Hz) [32] that often appear over the 

parietal and frontal lobes.  

Spatiotemporal blood flow patterns in the radial artery at the wrist (naaDi): In addition to the signals 

recorded via instruments described above, a trained Ayurvedic physician (author G.R.G.) also 

subjectively measured the spatiotemporal patterns of blood flow in the radial artery at the wrist from 

the subject during meditation (referred to as naaDi in Sanskrit [33–36], which is different from the 

simple wrist pulse). This was done to provide independent validation of the meditative states of the 

subject based on traditional systems, and it was one of the measured entities we utilized. The 

traditional Indian system of medicine, Ayurveda [37], has long used naaDi as a diagnostic tool to infer 

bodily states. While traditionalists may debate the value of studying the physiological correlates of 

higher meditative states, it must be emphasized that naaDi has been used in Ayurveda to diagnose 

both physiological and mental diseases. Sriranga Mahaguru not only passionately advocated, but 

also practically demonstrated the utility of naaDi as a tool to infer higher states of consciousness of 

individuals during meditation [6]. Hence, we next give a brief description of naaDi and its 

measurement during our experiments. G.R.G. had extensive experience in measuring naaDi with his 

fingers to infer bodily and mental states [6,33–35]. He was trained under Sriranga Mahaguru, and 

was skilled at inferring different meditative states in real time based on dynamic variations in 

spatiotemporal blood flow patterns at the radial artery. There is a long-recorded history of this skill 

in the Indian subcontinent [33–35]. The idea is that the circulatory system is a closed loop, and hence 

the three-dimensional pressure waves traveling through the arteries are modulated by changing 

bodily and mental conditions and thus contain information about physiological perturbations across 

the body and brain. These pressure waves are amplitude-modulated by the dominant pulse waves 

generated by heartbeats. NaaDi has been traditionally measured by subjectively sensing the 

spatiotemporal pressure patterns at the radial artery using the fingertips of the expert making the 

measurements (which is a rare and difficult skill to master, taking decades of practice). Obviously, 

there is a subjective element to this, and hence Ayurvedic physicians are trained to develop the skill 

to infer the demodulated spatiotemporal wave patterns underlying the pulse. So far, it has not been 

possible to measure naaDi at such precision with instruments, although preliminary progress has 

been made [36,38–53]. In our experiments, naaDi measurements were characterized by G.R.G. and 

narrated in real-time, but they were subjectively measured through his skill, and this was not 

available as quantifiable data to any other individual. 
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2.4. Methodological Details of the Experiments 

The first experiment was conducted on 16 September 1985, and the second on 26 November 

1988. In 1985 or 1988, NIMHANS (where the experiment was conducted) did not have a formal ethical 

approval process for human studies, i.e., it did not have an ethics committee or an institutional review 

board. The ethics committee at NIMHANS came into existence only in 1993. However, there was an 

informal process in place to conduct research ethically, wherein the authorities at NIMHANS did not 

allow experiments that they did not consider ethical. Since this experiment was conducted with the 

approval of NIMHANS authorities, we can claim that it received informal ethical approval. Also, in 

accordance with the principles of the Declaration of Helsinki, the human participant (i.e., Srimataji) 

provided informed consent for participating in the experiments. 

2.4.1. Experiment-1 (1985) 

Data was acquired for about 37 minutes. Srimataji sat in the Sukhaasana posture (a common 

Yoga posture) on comfortable seating overlaid with soft cotton fabrics. The first two minutes of the 

recording were made with Srimataji in an awake relaxed state with eyes open (Figure 1, Photo 1). 

Afterward, Srimataji meditated for about 30 minutes (Figure 1, Photos 2, 3 and 4). The moment she 

closed her eyes was timestamped as the onset of meditation. Srimataji had experience in a specific 

Yogic meditation for over 50 years at that time, which resulted in her attaining and maintaining an 

altered state of consciousness (which we consider as Samaadhi here). Then she opened her eyes 

(timestamped as the end of meditation) and remained seated for about 5 minutes. 

The electrophysiological signals recorded using the polygraph were as follows. ECG (lead 1) 

was recorded on one channel. One-channel EMG was recorded by placing an electrode pair (positive 

and ground) on the right forearm muscles. Respiration was recorded using a thermistor placed near 

the left nostril (Figure 1, Photo 2). EEG was recorded using bipolar electrodes at four positions (Figure 

1, Photo 4): two frontal channels, F3-C3 (frontal left) and F4-C4 (frontal right), and two 

posterior/occipital channels, C3-O1 (posterior left) and C4-O2 (posterior right). The Nyquist sampling 

rate was 70 Hz, with the maximum captured frequency being 35 Hz (hence, we sampled only up to 

the beta band). All signals were also recorded on paper using the polygraph. The paper speed of the 

polygraph was 25 mm/second, and the sensitivity was 50 microvolts per centimeter. In all, about 180 

sheets of data were generated. EEG signals were also recorded on the four channels of the 

instrumentation tape recorder, which started at counter number 47 and ended at counter number 

193, with each counter/epoch corresponding to about 15 seconds of data. The instrumentation tape 

recorder was run at a speed of 9.5 centimeters per second. Half-inch width tape was used. 
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Figure 1. Photos of the participant captured before (Photo 1) and during meditation (Photos 2, 3 and 4) during 

experiment-1 (16 September 1985). Photo 4 shows a posture (called ‘namaskaara mudra’ in Sanskrit) manifesting 

naturally at one point during meditation. The expression of Photo 3 with raised eyes and eyebrows manifested 

naturally as well. The photos are reproduced with permission. 

Those four EEG channels were chosen on the following basis. Even though we wished to record 

more than four channels, we were constrained by the limitations of the instruments available to us at 

that time. After accommodating other physiological signals, only four channels were available for the 

EEG channels on the 8-channel polygraph system. The instrumentation tape recorder also had only 

four channels available for recording. Hence, as mentioned before, we chose the two frontal and two 

occipital channels. Fronto-polar (Fp1 and Fp2) electrodes were not chosen due to their higher 

likelihood of having ocular artifacts. Upward movement of the eyes and eyebrows was not 

uncommon during her meditation, and nearby EEG electrodes can capture EOG/EMG artifacts as a 

result. Bipolar configuration was used. 
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Objective observations were made from the recorded 8-channel polygraph data. In the 1980s in 

India, clinical interpretation of EEG relied on the ability of the electroencephalographer to view, 

analyze and interpret the information contained in the graphic paper trace of the EEG signal. This 

was carried out in this study in consultation with a clinician with expertise in reading paper EEG 

records (Dr. H.P. Eshwara). Additionally, EEG data analysis using computers and programming 

tools (which were cutting-edge back then) was also explored to gain further insights. Computer 

analysis of certain portions of the signals recorded on the instrumentation tape recorder was carried 

out as follows. An average power spectrum (squared magnitude vs. frequency plot) was obtained 

with portions of the records from O1 (and F4) channels with counter numbers 49 to 58 (before 

meditation) and 77 to 82 (during meditation). Each epoch lasted for about 15 seconds. The resulting 

power spectra are presented and interpreted. 

During the experiment, G.R.G. continuously measured Srimataji’s naaDi, and heartbeat (with a 

stethoscope), and gave a verbal description of his observations, which was recorded onto an audio 

tape. He had prior experience in inferring meditative conditions and corroborating them with the 

experiences of the practitioners. Simultaneously, visual observations were made by another person 

(please refer to the Acknowledgments section) regarding the meditative condition of Srimataji (like 

the position of eyebrows and facial expressions), which were narrated onto another audio tape. Also, 

numbers on the counter of the instrumentation tape recorder were read aloud and recorded to 

synchronize the timings. Concurrently, these numbers were also marked on the recording paper of 

the polygraph. This procedure was adopted to later identify sections of the polygraphy data 

corresponding to the observations recorded on the audio tape by G.R.G. (such as the position of 

eyebrows, and expressions associated with meditative states). A few photographs and continuous 

videographs were also captured during the experiment. 

4.2.2. Experiment-2 (1988) 

Data was acquired for about 33 minutes on 26 November 1988. The experimental paradigm and 

specifics were consistent with experiment-1. The first minute of the recording was in an awake 

relaxed state with eyes open. The subsequent meditation phase with eyes closed (which included the 

altered state of consciousness) lasted for about 29 minutes (Figure 2, Photo 7). After that, Srimataji sat 

in the eyes-open state for about 1 minute. The 21 channels of electrophysiological signals recorded 

using the polygraph (Figure 2, Photo 5) were as follows. Thirteen EEG electrodes were placed 

(unipolar configuration, referenced to mastoids A1 and A2) at the frontal pole (Fp1, Fp2), lateral 

prefrontal (F3, F4), central/somatomotor (C3, C4, Cz), lateral parietal (P4, Pz), lateral temporal (T3, 

T4), and occipital (O1, O2) locations. The remaining eight channels included one EOG, two EMG, two 

respiration, one GSR, one PPG, and one ECG channel. In total, this was the maximum number of 

channels that could have been recorded with our instrumentation (Figure 2, Photo 6). Note that these 

were among the most sophisticated high-end instrumentation available in India in 1988. Although 

21-channel data was recorded on the paper trace, only 9 of these channels were digitally recorded 

using two instrumentation tape recorders (speed: 3.75 inches per second) – 4 EEG channels on a 

Schlumberger recorder, and 1 EMG and 4 EEG channels on a Hewlett-Packard recorder. A few 

photographs and continuous videographs were also captured. 

As before, objective observations were made from the recorded data, albeit with a different 

approach for the EEG data. The EEG power spectrum analysis was not done. Instead, a compressed 

spectral array (CSA) analysis was carried out to generate CSA plots. A CSA plot is generated by 

decomposing a signal into a time-frequency plot by superimposing on each other the power spectra 

of short epochs of time across successive epochs [54,55]. It appears like a three-dimensional hill-and-

valley display of frequency horizontally (x-axis), time vertically (y-axis), and the power amplitude as 

the peaks (z-axis). The higher the spectral peak, the more will be the spectral energy at that frequency 

at that point in time. It informs us of changes in the frequency content of a signal across time. To 

obtain the CSA plot, the data were filtered digitally using a fourth order Butterworth band-pass filter 

in cascade [0.25–55 Hz]. A lower cut-off of 0.25 Hz was used to filter out movement and other low-
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frequency drifts. A higher cut-off of 55 Hz was used to filter out high-frequency noise. Given the 

sampling rate was 256 Hz, we used data segments of 1024 points (=4256) without zero padding for 

computing the CSA. These rolling 4-second segments were overlaid onto each other with hidden line 

suppression. Time domain data were transformed to the frequency domain using standard fast 

Fourier transform with a Hamming window. We interpreted the generated CSA plots qualitatively 

but objectively and grounded on visual evidence (instead of numerical). CSA plots were generated 

for Fp1 and O1 channels after ascertaining data quality. 

We understand that additional analyses were possible, such as generating CSA plots for all 8 

digitally recorded EEG channels instead of just the two, or generating CSA plots for experiment-1 

data, and so on. But we acknowledge that the results presented here were generated over 30 years 

ago, with the limitations and drawbacks of the circumstances and tools at that time. Conducting these 

additional analyses, including those with the latest analytical tools and approaches, is scope for future 

work. 

Overall, our analysis approach was mainly qualitative in nature, but it was grounded on 

objective inference and precise evidence from the data. Rather than the technology used or the 

methods employed, the most critical piece of this study was the participant being studied, owing to 

her Yogic achievements [24,26] and her ability to attain the state of Samaadhi at will, based on 

historical records, individual accounts and naaDi measurements (as cited before). 

 

Figure 2. Photos of the polygraph equipment for data acquisition (Photo 5), additional equipment used for 

recording the data onto a tape (Photo 6), and the participant during meditation (Photo 7) during experiment-2 

(26 November 1988). Reproduced with permission. 

3. Results and Discussion 

3.1. Respiration Results (Both Experiments) 

In experiment-1, before meditation, routine breathing waves at the rate of about 15 breaths per 

minute were observed (illustration in Figure 3a) (Figure 4a, Channel 1). Immediately after the onset 

of meditation, the breathing rate reduced to about 10 per minute (Figure 4b, Channel 1). 

Subsequently, the breathing amplitude became extremely low (with a mean value of <5% of the pre-

meditation amplitude), and the breathing waves were hardly visible on the paper trace (illustration 

in Figure 3b) (Figure 5b, Channel 1). It remained this way until nearly the end of the meditation 

period. It was also noted that there was no compensatory breathing after the periods of respiratory 
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suspension, such that even the extremely low amplitude breathing waves ran alike for pages on the 

paper trace over a majority of the meditation period, showing no signs of compensatory breathing. 

The whole process looked natural during the experiment, and we did not suspect any forced 

suspension of breathing. There was no compensatory breathing even after meditation (Figure 6b, 

Channel 1). We could not reliably infer the breathing rate during meditation because of the extremely 

low amplitude. Identical observations were made in experiment-2 (Figures 8, 9 and 10, Channel 18). 

These results indirectly indicated a considerable reduction in bodily metabolic activity, which likely 

reduced the oxygen demand, resulting in minimal breathing amplitude. Future studies must 

empirically confirm this by directly measuring metabolic rate through bodily glucose uptake using 

fluorodeoxyglucose positron emission tomography [56]. 

 

Figure 3. A pictorial illustration of typical breathing waveforms before and during meditation. This is a 

handwritten illustration only, not actual data. Shorter segments of acquired respiration data can be compared in 

Figures 4, 5 and 6 (channel 1) as well as Figures 8, 9 and 10 (channel 18). Before meditation (top graph), the 

respiration amplitude was normal, while during meditation (bottom graph), the respiration amplitude was 

extremely low (mean amplitude was <5% of that before meditation). 

 

Figure 4. Experiment-1 8-channel electrophysiological data of about a 10-second epoch (a) before, and (b) 

immediately after the onset of meditation. Two deep breaths are visible at the onset of meditation, along with 

changes in EEG activity especially in the frontal electrodes. 
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Figure 5. Experiment-1 8-channel electrophysiological data of about a 10-second epoch (a) before (for 

comparison), and (b) during meditation. The latter was about 15 minutes after the onset of meditation. A 

reduction in breathing amplitude and an increase in EMG muscle contractions are visibly apparent, apart from 

changes in EEG discussed in section 4.4. 

 

Figure 6. Experiment-1 8-channel electrophysiological data of about a 10-second epoch (a) before (for 

comparison), and (b) after meditation. 

These observations corroborate with related descriptions provided by Sriranga Mahaguru in 

1955 and 1962 [6,25,26]. Based on his experiments, experiences, and observations, he had elaborated 

that deep breathing at the initiation of Yogic meditation is generally followed by extremely low 

amplitude breathing during the Yogi’s ‘deep’ and ‘inward’ meditative states. Figure 4a (Channel 1) 

elucidates the breathing pattern of Srimataji just before the start of meditation, showing clear peaks 

and breathing cycles, which transitioned to deeper breaths at the beginning of meditation (Figure 4b, 
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Channel 1). Breathing cycles disappeared after some time, and extremely low amplitude breathing 

was seen during meditation (Figure 5b, Channel 1). Overall, the breathing patterns seemed to be 

unique and unusual, yet not pathological. 

3.2. Electrical Activity of the Muscles (EMG Results) (Both Experiments) 

During experiment-1, before meditation, the EMG signal was nearly flat, indicating that the 

forearm muscles were relaxed (Figure 4a, Channel 2). This transitioned to high amplitude high-

frequency EMG activity about a minute after the onset of meditation, and was sustained throughout 

the period of meditation. Figure 5b (Channel 2) shows the EMG signal during meditation at about 15 

minutes after onset. This indicated that her forearm muscles contracted stiffly and sustained that state 

throughout the meditation. Identical observations were made during experiment-2 (Figures 8 and 9, 

Channel 15). High amplitude high-frequency EMG activity was seen immediately upon the onset of 

meditation and sustained throughout the meditation period. Visual observations during meditation 

showed stiffened muscles, which corroborate inferences made from EMG data. This coincides with 

observations made by Sriranga Mahaguru on Srimataji during Samaadhi several decades before the 

experiment (in 1955 and 1962) [6,25,26], as well as claims made in ancient Vedic texts, which assert 

that the body becomes stiff like a log of wood during Samaadhi (in Sanskrit: ‘kaashthavat jaayate vapuhu' 

[57]). Interestingly, during meditation, GSR amplitude was noticeably reduced to the level of being 

imperceptible (Expt-2: Figure 9b, Channel 19), indicative of a calm state with minimal arousal and 

low sympathetic response [58]. This implies that, strangely, Srimataji was very relaxed and calm 

while her forearm muscles were stiffened during meditation. 

Experiment-2 also included an EOG channel that showed a positive signal change immediately 

after meditation onset (Figure 8, Channel 14), indicative of considerable upward movement of the 

eyeballs. This phenomenon is documented in ancient Vedic literature [59]. EOG evidence suggested 

an immediate and quick transition to a meditative state upon closing the eyes and marking the 

beginning of meditation. 

3.3. Electrical Activity of the Heart (ECG Results) (Both Experiments) 

In both experiments, during meditation, ECG showed regular waves with QRS segments of 

almost equal amplitude compared to before meditation (Expt-1: Figure 5, Channel 4) (Expt-2: Figure 

9, Channel 21). The fast baseline variations seen only during meditation were either due to artifacts 

or because of muscular contractions (as seen in EMG signals) that confounded the ECG signal as 

noise. 

Interestingly, the heartbeat as heard on a stethoscope and the pulse as felt on the wrist with his 

finger by G.R.G. during meditation differed from what was seen in ECG. Specifically, heartbeat and 

wrist pulse (both related to mechanical pumping of the heart) had extremely low amplitude to the 

level of being imperceptible, even though the ECG waves (related to the electrical activity of the heart) 

appeared normal. It is worth mentioning that experiments conducted on voluntary control of the 

heart and pulse by certain Yogic practitioners found that their ECG showed consistent cardiac 

electrical activity, but the pulse was almost imperceptible, and no heart sounds were heard [17]. Similar 

observations were made in our study as well, although, in contrast, we did not observe any significant changes in P waves or 

the QRS complex during meditation. This indicates that Srimataji’s meditation did not interfere with natural 

cardiac electrical activity. It is likely that the cardiac output (and mechanical activity) was 

significantly reduced to meet lower metabolic demands, as corroborated by observations made from 

the respiration data. Such dissociation between cardiac electrical and mechanical activities is possible, 

and has been reported, for instance, during hypothermia [60,61]. ECG measures the electrical activity 

of the heart, but it need not necessarily correlate with the intensity of mechanical pumping of the 

heart. This might explain why heartbeat sounds were very feeble or imperceptible. The wrist pulse 

felt at the radial artery is not merely a function of the heartbeat but also the vascular system and its 

neural control [33,35]. This could underlie low-amplitude wrist pulse observed during meditation. 

Further experiments are needed to test these empirical observations more thoroughly. 
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3.4. Electrical Activity of the Brain (EEG Results) (Experiment-1, 1985) 

EEG results are shown in Figure 5a (before meditation) and Figure 5b (during meditation, 15 

minutes after onset) on Channel 5 (F3-C3), Channel 6 (C3-O1), Channel 7 (F4-C4) and Channel 8 (C4-

O2). Observations made by a visual examination of the four EEG channels on the paper trace record 

(in consultation with Dr. H.P. Eshwara) are summarized in this and next paragraphs: Before 

meditation, the EEG background activity consisted of medium amplitude 11 Hz waves well-formed 

over posterior regions. Artifacts were noted anteriorly related to eye movements. Corroborating EMG 

data, immediate changes in the EEG paper trace could be visually noticed upon starting meditation. 

With the onset of meditation, bifrontal slow activity was noted in the range of 5 Hz theta wave and 

2.5 Hz medium amplitude delta wave activity, as well as bi-occipital 11 Hz medium amplitude alpha 

wave activity. Intermixed with bifrontal slow theta and delta activity, alpha activity was also 

apparent. During meditation, the bifrontal delta wave became more prominent, along with associated 

muscle tension artifacts. 

Frontal slow-wave activity is typically seen in sleeping adults; however, the stiff muscle tone 

observed in EMG rules out sleep or drowsiness as a likely cause. Evoked slow-wave frontal response 

has been shown to be a marker of response inhibition and sustained attention [62]. However, we 

observed spontaneous (and not evoked) slow-wave frontal activity. Therefore, we can only speculate 

that both response inhibition and sustained attention, which are essential aspects of meditation, may 

have played a role. Yet, it appears that there is something distinct about seeing slow-wave frontal 

activity in spontaneous EEG. These do not represent clinically abnormal records either, because the 

data were essentially normal before and after meditation (the participant also did not have any 

history of neurological or psychiatric symptoms). When these observations were taken together with 

the associated findings from the other channels, it appeared that the data pointed towards a state of 

consciousness different from awake, dreaming or sleeping. Specifically, EMG findings indicated 

rigidity of the body during meditation, which was opposite to that commonly seen during 

drowsiness or sleep (looseness of the body). Respiration amplitude was an order of magnitude lower 

during meditation, which is not characteristic of awake, dreaming or sleeping states (or even a 

hypnotic state). Taken together with the visual description during meditation, the evidence points 

towards a distinct state of consciousness that could correspond to Samaadhi, or what is called the 

fourth state of consciousness in Yogic literature. The subjective experiences of Srimataji, as narrated 

to us later, also lend support to this. 

Analysis of the digitally recorded EEG data on a computer using programming tools was carried 

out (computer processing was cutting-edge at that time). The resulting power spectrum plots are 

shown in Figure 7. The power spectrum during meditation seemed unique, and the audio description 

by G.R.G. based on naaDi measurements indicated the possibility of an exceptional meditative 

experience during this epoch. We observed 30 Hz beta wave activity in the right frontal region (F4) 

during meditation, corresponding to the exceptional meditative condition as noted by G.R.G, 

suggesting that certain Yogic meditative experiences could be associated with bursts of high-

frequency EEG activity. It is noteworthy that frontal beta was accompanied by a smaller alpha peak 

in this meditative epoch. This is a rare signature since it indicates high arousal and high relaxation 

during the same state. Generally, arousal and relaxation are inversely related, but here we have an 

example where they occur simultaneously during meditation. Our acquisition upper cut-off 

frequency was 35 Hz; hence sampling at higher rates in the future could reveal even higher frequency 

contents (up to 80 Hz gamma waves) during such meditative states. It is also possible that a higher 

frequency 40 Hz peak got aliased into 30 Hz due to the 35 Hz cut-off. 
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Figure 7. The average power spectrum of two tracks/channels during a 10-second epoch (a) before meditation, 

and (b) during meditation. Track-1 corresponds to the O1 electrode, and track-2 to the F4 electrode. Although 

the x-axis ranges from 0 to 50.8 Hz (because of the software used to generate the plots), the sampling rate was 

70 Hz, and hence the maximum sampled frequency was 35 Hz (thick vertical dotted lines), During meditation, 

a high-frequency peak around 30 Hz in the beta band (13–30 Hz) of channel F4 was observed (red arrow), which 

was not present before meditation. 

3.5. EEG Results (Experiment-2, 1988) 

Corroborating EMG/EOG observations, immediate changes in EEG signals could be visually 

noticed upon the onset of meditation (Figure 8). It can be seen that Srimataji instantly transitioned to 

a meditative state in under a second with drastic changes in all EEG channels along with instant 

upward movement of the eyeballs (EOG channel) and stiffening of both arm and chin muscles (EMG 

channels). The immediate upward eye movement upon meditation onset seemed to create artifacts 

in Fp1 and Fp2 channels that were close to the eyes. We observed a widespread increase in alpha 

activity across EEG channels, with relatively more increase in O1 and O2 channels. It is not surprising 

that occipital channels displayed alpha activity, as often happens during the eyes closed condition 

[63]. However, increased magnitude of alpha activity unanimously across the rest of the cortex was 

unexpected. High beta activity was observed in the frontal electrodes in certain epochs during 

meditation, along with high EOG and EMG activity, low GSR amplitude, and reduced respiration 

amplitude and rate (Figure 9). The records after meditation are shown in Figure 10. 

While we obtained an interpretation of EEG records from a clinician and generated power 

spectra in experiment-1, we generated CSA plots in experiment-2 for channels Fp1 (Figure 11) and 

O1 (Figure 12), which provided richer information compared to power spectra. Before meditation 

(6:33:20 pm to 6:34:20 pm), both channels saw minimal alpha and beta activity. The moments 

immediately after the start of meditation at 6:34:20 pm saw the onset of visibly higher alpha activity 

at both Fp1 and O1. The beginning of a deep meditative state was observed by G.R.G. based on naaDi 

measurements at 6:37:20 pm, and at that precise moment, EEG data revealed the onset of high beta 

activity along with alpha activity at Fp1; also high alpha activity was observed at O1. This state lasted 

for just over two minutes, and then Srimataji returned to the meditative state that existed before this. 

Several such cycles were observed over the course of the experiment. Another such epoch of deep 

meditation lasting for about two and half minutes around 6:46 pm is shown in the figures wherein 

high beta activity at Fp1 and high alpha as well as beta activities at O1 were observed. 

An interesting observation was made during a two-and-a-half minute epoch around 6:56 pm 

when Srimataji had her eyes open. When a person is awake with the eyes open, alpha activity is 

absent in the occipital cortex [63]. However, Srimataji exhibited precisely the same EEG patterns 

during this eyes-open epoch compared to the deep meditation epochs (with eyes closed) observed 

earlier. Specifically, high beta activity was observed at Fp1, and high alpha, as well as beta activity, 

were observed at O1. This indicated that Srimataji was possibly in a deep meditative state even 
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though her eyes were open. The presence of alpha activity at O1 suggests the possibility that visual 

information from the eyes was not being relayed to the occipital cortex but was gated at the lateral 

geniculate nucleus of the thalamus [64]. This possibility can be empirically tested in future studies by 

measuring brain function during this state using functional magnetic resonance imaging (fMRI) [65]. 

NaaDi measurements by G.R.G. also indicated that Srimataji was in a deep meditative state. In Yogic 

literature, this is described as a unique Yogic condition called ‘poornima drishti’ [5,35]. 

 

Figure 8. Experiment-2 21-channel electrophysiological data of about a 10-second epoch (a) before, and (b) at the 

onset of meditation. The onset is marked with a thick vertical dotted line. An increase in EMG muscle 

contractions and immediate upward eye movement upon the onset of meditation are visibly apparent, apart 

from changes in EEG discussed in sections 4.4 and 4.5. Overall, an increase in alpha activity across EEG channels 

immediately following meditation onset is also apparent. 

Although 7:03 pm was marked as the end of meditation when Srimataji opened her eyes, EEG 

patterns during the subsequent 3-minute post-meditation phase were different from pre-meditation, 

and more similar to EEG patterns during meditation, especially at O1. Specifically, high alpha activity 

was observed at O1 even though her eyes were open. But unlike the ‘poornima drishti’ epoch, beta 

activity was not seen at Fp1. This pattern was similar to EEG signatures during certain meditation 

periods between the deep meditative epochs. EOG and breathing had returned to a normal state 

during the post-meditation phase. Ice cubes were placed on Srimataji’s arm at this stage, and to the 

experimenters’ surprise, this did not result in any noticeable changes in Srimataji (arm reflexes, tactile 

sensations, facial expressions, naaDi measurements); she confirmed after the experiment that she did 

not feel the sensation of ice cubes. She gained awareness of the external world only after some time 

had passed in the eyes-open post-meditation phase. 

On a side note, low-frequency delta and theta waves were also noticed consistently during 

meditation at O1 and during certain epochs at Fp1. As in experiment-1, high frequency beta activity 

was accompanied by alpha activity in the same electrodes, indicating simultaneous relaxation and 

arousal. Overall, specific unusual and atypical EEG observations were made during this experiment 

that are highly uncommon or absent in healthy adults during awake, dreaming or sleeping states. 
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Figure 9. Experiment-2 21-channel electrophysiological data of about a 10-second epoch (a) before (for 

comparison), and (b) during meditation. EMG muscle contractions and EOG eye movements were high and 

consistent during meditation, apart from changes in EEG discussed in sections 4.4 and 4.5. Low respiration 

amplitude and high EEG beta activity (predominant in frontal electrodes) was also apparent. 

 

Figure 10. Experiment-2 21-channel electrophysiological data of about a 10-second epoch (a) before (for 

comparison), and (b) after meditation. The row above channel-1 corresponds to a time marker and can be safely 

ignored. 
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Figure 11. Compressed spectral array (CSA) plot of the EEG signal from the left frontal pole channel (Fp1). 

Frequency (0 to 32 Hz) is on the x-axis, and time (from 6:33 pm to 7:06 pm) is on the y-axis, although time is not 

continuous with different figures from certain epochs of time being stitched together. Relevant events are 
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marked on the y-axis. Epochs of deeper meditation were associated with higher beta activity. The meditation 

segments in between saw higher alpha activity. During one epoch, around 6:56 pm, the eyes were open, but EEG 

beta activity as well as naaDi observations by G.R.G. indicated a state of deep meditation. Also, after meditation 

with eyes open, high alpha activity similar to relaxed or intermediate meditative states was seen. The upper cut-

off frequency was 32 Hz (instead of 35 Hz) to facilitate fast Fourier transform computations easily as a multiple 

of 2 without zero padding. 

 

Figure 12. CSA plot of the EEG signal from the left occipital lobe channel (O1). Frequency (0 to 32 Hz) is on the 

x-axis, and time (from 6:33 pm to 7:06 pm) is on the y-axis. Different figures from certain epochs of time are 
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stitched together, and relevant events are marked on the y-axis, as in Figure 11. Epochs of deeper meditation 

were associated with higher alpha as well as beta activity. The meditation segments in between saw higher alpha 

activity only. During one epoch, around 6:56 pm, the eyes were open, but EEG alpha and beta activity as well as 

naaDi observations by G.R.G. indicated a state of deep meditation. Also, after meditation with eyes open, high 

alpha activity similar to relaxed or intermediate meditative states was seen. 

3.6. Further Discussion and Scope for Future Work 

The results from these experiments provide preliminary evidence for physiological signatures 

of high Yogic meditative states with altered consciousness that can be experienced by humans, which 

is distinct from typical states seen in adults (awake, dreaming, sleeping). There is no evidence for the 

existence of the patterns we observed in breathing, EMG, GSR and EEG, taken together, during the 

awake/dream/sleep stages in adults. We thus believe that there is sufficient premise to conduct 

further investigations in this direction to better understand the bodily and neural correlates of altered 

states of consciousness such as Samaadhi. Such investigations, however, are contingent upon the 

availability of a participant capable of attaining such states, at will, and is willing to participate. It is 

our earnest hope that findings from this and subsequent studies will enhance our understanding of 

the mechanistic underpinnings of Yogic meditation and Samaadhi within the modern scientific 

framework. That will also provide a platform for people to contemplate upon, understand, and 

appreciate the Yogic tradition preserved across millennia by saints and Yogis of ancient India. 

The general perception among many traditional practitioners of Yoga typically is that it is not 

possible to record Yogic experiences of the "inner world" on an external plane using instruments. For 

example, the argument is that the visions and bliss experienced by a Yogi are subjective experiences, 

and it may not be possible to measure all of them objectively. However, we are of the view that 

subjective experiences are facilitated by biological mechanisms of the human body, and thus, those 

experiences leave their imprints on the body, and measuring these effects using instruments is 

possible. This is precisely why we claim to capture “physiological correlates” of meditative 

experiences and not the experiences themselves. By analyzing the recorded signals, either visually or 

using computers, it is possible to infer (to some extent) what is happening to the body during such 

Yogic meditative states. Therefore, without arguing about the existence or non-existence of this 

“inner world”, we believe that it is possible to independently measure the effects of “Yogic 

experiences” on the body using instruments. This is because the body facilitates these experiences, 

and bodily signals can be measured irrespective of the causes/sources driving those signal variations. 

The availability of modern sophisticated instruments is helping it. The fact that Sriranga Mahaguru 

had planned for research along similar lines encouraged us to proceed in this direction. 

Such investigations are of great value for the following reasons: (1) It will help us verify whether 

the states experienced by a Yogi are real and well-defined, both physiologically and subjectively. (2) 

It will help us in investigating whether the state attained by meditation is different from other altered 

states of consciousness (waking, dreaming, and sleeping states). (3) Physiological correlates of states 

induced by mental relaxation or hypnosis or delusion may also be compared with the meditative 

states to look for any differences between them. Any definite and positive variation will address 

criticisms that Yogic experiences could be hypnotism or brainwashing. (4) It has been previously 

observed that certain persons possess the ability to control their involuntary functions (such as 

significantly lowering the heart rate); sometimes one might claim that itself to be the Samaadhi state. 

However, it is known that the state of Samaadhi is not just about controlling involuntary functions, 

even though cardiac activity, respiration, etc., may change considerably during meditation as a 

consequence of attaining Samaadhi. Samaadhi is an altered state of consciousness with distinct 

neurophysiological signatures where the person experiences pure bliss. Hence, this area of research 

may be used to answer such questions in due course of time with continued effort.It must be 

acknowledged that our instrumentation was rudimentary compared to today’s standards. But that 

does not invalidate our results. All non-invasive modalities (even today) are merely a low-

dimensional noisy representation of the ground truth, and the inferences are generally correlational 
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in nature [66]. Hence, the advantage of repeating a similar experiment with today’s EEG technology 

would be to get precision in the coarser measurements done in the 1980s. However, it is noteworthy 

that coarser measurements obtained from older technology are not false; they are just a less detailed 

representation of reality. Therefore, while we acknowledge that there is scope for future work 

(described below), we see much value in reporting the results from this study done in the 1980s. We 

presented preliminary results from a different participant during meditation at a conference in 1995 

[67]. 

With today’s technological advancements, we can understand brain and spinal cord function 

like never before. Higher resolution and less noisy high-density 128-channel EEG is now available 

[68]. EEG source localization and signal processing tools have also advanced. Other technologies, 

such as fMRI, have emerged over the past three decades, which hold great potential in studying brain 

and spinal cord function during Samaadhi, because of high spatial resolution and specificity, as well 

as high sensitivity to neural activity [69]. It is also possible to measure changes in neurochemicals 

(using magnetic resonance spectroscopy [70]), metabolic rate (using positron emission tomography 

[56]), and cerebral blood flow (using perfusion MRI [71]) during Samaadhi. Structural changes in the 

brain’s white-matter connections arising from long-term Yogic meditation can be measured using 

diffusion MRI [72], as in Tang et al. [73]. Likewise, changes in gray-matter thickness can be measured 

using anatomical MRI [74], as in Lazar et al. [75]. A complementary technique to EEG, 

magnetoencephalography can measure cerebral neural activity at higher spatial resolution [76]. 

Studying Samaadhi using multiple modalities will help us develop a comprehensive mechanistic 

model of the neural correlates of Samaadhi. Yoga and meditation were considered baseless practices 

by many just a few decades ago, but today there is strong evidence for their underlying mechanisms 

and efficacy [77–93]. Research on Samaadhi can take inspiration from that. 

Innovation is also possible by studying factors that favorably or adversely affect the state of 

Samaadhi. If the neural signatures of Samaadhi are well understood, then the perturbation caused by 

extraneous factors on that state can also be investigated. For example, it is possible to investigate the 

effect on the quality of the Samaadhi state (and one’s ability to reach that state) upon consuming 

certain foods, touching certain materials, listening to certain music or sounds, seeing certain colors, 

and leading certain lifestyles. There is literary and historical evidence that these factors contributed 

to several lifestyle prescriptions and cultural practices in ancient India brought about by ancient 

saints who experienced high Yogic states, and its residues are prevalent in India even today [94–99]. 

In fact, as recently as a few decades ago, Sriranga Mahaguru experimentally demonstrated these 

aspects on multiple instances as per historical records and individual accounts [25,26,35]. He first 

built a framework of naaDi patterns associated with deep meditative states and Samaadhi, and then 

used it as a template to study how various extraneous and lifestyle factors influenced these patterns. 

This way, if a person decided to lead a life with the goal of experiencing higher Yogic states such as 

Samaadhi, then they could tailor their lifestyle accordingly using the naaDi findings. He provided 

naaDi-based evidence that the consumption of certain foods (e.g., satvik foods), usage of certain 

materials (e.g., gold, turmeric, darbha grass), listening to certain sounds/music (e.g., Om), seeing 

certain visuals (e.g., saffron color), and leading a certain type of lifestyle are all conducive to attaining 

and sustaining the state of Samaadhi. He suggested that this is the bedrock of the ‘Indian way of life’ 

as prescribed in ancient texts. This is supported by the fact that attaining Samaadhi is presented as the 

ultimate goal of life across several diverse cultures within the Indian subcontinent even today 

[5,93,100,101]. Hence, if Samaadhi is indeed attainable, and if it is an ultimate state of peace and 

happiness that is worth attaining, then research in this direction can have a substantial impact on the 

global society, and can positively contribute to human lives across the board. 

The primary drawback of this study is the lack of rigorous quantitative analyses, which we have 

already acknowledged before. The presented analyses were conducted 30 years ago, and several 

additional analyses (including with the latest tools) are scope for future work. Our upper cut-off 

frequency was 35 Hz; hence we missed the entire gamma frequency band (up to 80 Hz [102]). It is 

possible that important markers of Samaadhi in the gamma band were entirely missed by us. A few 
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other suggestions for future work are listed next. (a) Measuring heartbeat sounds using a 

phonocardiogram [103] could further quantify the reduction in heartbeat amplitude during Samaadhi. 

(b) Recording respiration independently from both nostrils could give more information than single-

nostril breathing recording (see, for example [104–106]). (c) Other physiological signals, such as body 

temperature (which could correlate with the metabolic rate [107]), skin conductance response and 

continuous blood pressure can be recorded. (d) EMG could be measured from multiple locations 

across the body to test if muscle contractions are consistent. 

4. Conclusions 

In this study, we investigated multi-channel electrophysiological data acquired from a Yogi par 

excellence before, during and after Yogic meditation in two separate experiments (1985, 1988). The 

respiration data revealed typical breathing pre-meditation, deep breaths at the onset of meditation, 

and extremely low breathing amplitudes during meditation, indicative of reduced metabolism and 

considerably lower oxygen demand from the body during meditation (viewed as the Samaadhi state). 

EMG data revealed relaxed forearm muscles before meditation, and stiffening of the muscles during 

meditation that was maintained during the entire course of the meditation period. GSR data pointed 

to a calm and relaxed state during meditation. ECG was generally indistinct during meditation, but 

heartbeat and pulse were of significantly lower amplitude during meditation, which corroborated 

with respiration observations. Meditation did not seem to intervene with cardiac electrical activity, 

but noticeably reduced cardiac mechanical activity. With EEG, distinct slow waves and beta waves 

were observed in frontal electrodes, in conjunction with alpha and beta waves in posterior electrodes, 

a combination rarely (or perhaps never) seen in awake, dreaming or sleeping states, indicating a state 

of simultaneous high arousal and relaxation. Also, 30 Hz beta waves were noticed (at the top end of 

our frequency pass band), indicating bursts of very high frequency activity during meditation. 

Overall, these combinations of characteristic multimodal markers are not typical of any common 

states of consciousness (awake, dreaming or sleeping). In fact, the patterns we observed were 

paradoxical, indicating the coexistence of low metabolic activity (nearly zero breathing and pulse 

amplitudes) and calmness (low GSR) with muscle stiffness (high EMG), as well as the coexistence of 

mental relaxation (EEG alpha activity, even with eyes open) with mental arousal (EEG beta activity). 

Corroborating these electrophysiological findings with naaDi measurements and the experience of 

the meditation narrated by the participant, the evidence supports the attainment of an unusual state 

of consciousness during the meditation phase of the experiments, which is described in ancient Vedic 

literature as the state of Samaadhi. Further investigation of such states with the latest technologies and 

tools available to us today will help us better understand these phenomena. 

Appendix A 

Appendix A.1. Historical Context 

Sri Sriranga Mahaguru (1913–1969) was a Yogi par excellence and a scientist in spirit (Sanskrit: 

Jnaani and Vijnaani) as per historical records and individual accounts [25,26]. He guided a handful of 

people in attaining Samaadhi through Yogic meditative practices. In a personal capacity, he had also 

gained expertise in making scientific investigations (through hypotheses-experiments-observations-

inferences) of Samaadhi as well as on various lifestyle factors that favorably or unfavorably 

contributed to attaining it [96]. He had recognized the importance of the scientific investigation of 

bodily and mental states during meditation/Samaadhi. He asserted that the science of Yoga and the 

Vedic way of life (also called Sanatana Dharma) had evolved in India over several millennia because 

of the sustained efforts of many saints of the past (rishis) who built an ecosystem of scientific inquiry 

and conducted scientific investigations using subjective tools such as naaDi. With this spirit, Sriranga 

Mahaguru had conducted several experiments using naaDi and using facilities available to him at 

Hedathale, Mysore district, Karnataka, India (his experiments in 1955 and 1962 were well 

documented) [6,25,26]. He had also expressed his desire to utilize modern instruments and 
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technologies to demonstrate to the modern mind, the true nature of various meditative states - in 

particular, the state of Samaadhi. He founded an organization, Ashtanga Yoga Vijnana Mandiram 

(AYVM), with one of its aims being to achieve the above objectives. 

We briefly describe the motivation under which our experiments were designed in the first 

place, which also served as a precursor to our premise and experimental paradigm. Specifically, 

Sriranga Mahaguru’s scientific approach to studying Samaadhi and his experiments made a 

contribution to our study; hence we touch upon those aspects here. He had made several 

experimental observations on Samaadhi, with a couple of well-documented experiments held on 28 

December 1955 [25,26] and 9 May 1962 [6]. Before conducting his experiment on Srimataji in 1962, he 

highlighted a few salient points on Samaadhi as follows. During the highly exalted state of Samaadhi, 

the body will be stiff like wood and become gradually cold with no perception of sound, touch, taste, 

smell, or sight (either with eyes closed or open). In a sense, the body state observed in this strange 

Rajayoga condition cannot be called the condition of being alive since many bodily markers are similar 

to impending death (at the border of life and death). It cannot be called a condition of death either 

since the person comes out of that condition and lives thereafter. It is neither an awake state nor a 

sleep state. Hence, it is a strange condition (vichitra in Sanskrit). He reiterated that one does not need 

to accept these things merely because they are written in ancient texts or are claimed by certain 

individuals, but that one can observe bodily markers before, during and after Samaadhi measured 

experimentally and conclude for oneself. 

During the 1955 experiment [25,26], Sriranga Mahaguru provided an experimental 

demonstration of Samaadhi using Srimataji as an illustrative subject, in the presence of Dr. G.R. 

Ganesh Rao (G.R.G.), an Ayurvedic physician and a contributor to this study. Objective measures 

were derived from naaDi. Sriranga Mahaguru had developed expertise in naaDi to observe the real-

time bodily states of an individual. He asked G.R.G. to observe Srimataji’s naaDi before, during and 

after meditation. After the onset of meditation, he said that a Yogi cannot consistently sustain the 

Samaadhi state, and will go through cycles of meditative states, attaining the Samaadhi state several 

times in the process (as can be ascertained by naaDi measurements). Under Sriranga Mahaguru’s 

supervision, G.R.G. made a few observations as follows. (i) Srimataji’s body had become colder (<94o 

Fahrenheit) during Samaadhi but was normal before and after meditation. (ii) NaaDi, wrist pulse (at 

the radial artery) and heartbeat (using a stethoscope) were perceptible before/after but not during 

meditation as they had become very subtle. The heart rate was about 70 beats per minute before/after 

meditation. (iii) The respiratory rate was 14 cycles per minute before/after meditation with the air 

entry sound audible through a stethoscope. Respiration was not perceptible during meditation, and 

the air entry sound was inaudible. (iv) A deep dimple mark was present in the throat during 

meditation only. (iv) Srimataji’s limbs were normal and easy to bend before/after meditation, but they 

had become stiff like a log of wood during meditation. 

The 1962 experiment [6] was conducted similarly in the presence of several attendees and 

identical observations were made. Upon Srimataji’s body becoming cold and limbs becoming stiff 

like wood during Samaadhi, Sriranga Mahaguru asked others to try moving her hands or separating 

the thumb and index fingers (chinmudra) that were held together. None were able to do it, and he said 

metaphorically that even if one were to bring an elephant and try to pull, one could hardly lift the 

hands. Subsequently, Srimataji entered a meditative state with eyes open and gaze fixed, but with no 

apparent external sight (called the Shambhavi or Vaishnavi mudra). Sriranga Mahaguru moved his 

fingers very close to the eyes of Srimataji and asked people to observe the absence of typically 

involuntary eyelid movements, indicating a lack of vision. He finally remarked that, for example, a 

model globe helps us study geography, but the earth does not get broken if the model globe breaks; 

likewise, the truths about Samaadhi are never lost even if ancient texts and written scriptures are 

forgotten, as the evidence for Samaadhi is established primarily by people who can attain that state 

and the objective measurements made on them. 

Although biomedical technologies were in their infancy at his time, Sriranga Mahaguru was a 

proponent of using modern technologies, instruments, and tools to investigate the human body 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 April 2025 doi:10.20944/preprints202504.2150.v1

https://doi.org/10.20944/preprints202504.2150.v1


 22 of 29 

 

during such Yogic states, as well as to study the lifestyle factors that favorably or adversely affect 

such Yogic pursuits. In our study, we took a cue from his experiments like these and conducted a 

preliminary investigation of the electrophysiological correlates of Yogic meditation in Srimataji. It is 

noteworthy that Sriranga Mahaguru had explicitly stated that Srimataji had attained the state of 

Samaadhi during the experiments he conducted on 28 December 1955 [25,26] and 9 May 1962 [6]. 

Srimataji was a Yogi par excellence with about five decades of experience (at the time of our 

experiments) in attaining and sustaining the Samaadhi state at will [24,25]. Her ability to attain 

Samaadhi at any time out of her own volition was critical since we required her to attain Samaadhi 

during the short span of our controlled experiment. During our electrophysiological experiments, 

G.R.G (who had also participated in the experiment conducted by Sriranga Mahaguru in 1955) 

measured Srimataji’s naaDi and other physiological parameters during meditation and inferred based 

on his expertise that Srimataji had attained the state of Samaadhi. 

Apart from Sriranga Mahaguru’s experiments and demonstrations, his views on modern science 

also contributed to our scientific investigation significantly; hence, we brief it here [6,25,108]. At a 

time when traditionalists and scientists generally disagreed with each other, he argued for bridging 

the two. This study is the descendent of the same thought process. He argued that there is a need to 

utilize the well-developed modern technologies, and present ancient Indian knowledge in a modern 

framework to benefit current and future generations. For that, it is necessary to accurately understand 

the ancient knowledge developed by the saints of India, and design experiments using modern tools 

with the correct perspective without going against their overarching framework. He said that modern 

discoveries must not be rejected, but rather integrated into the understanding we derive from ancient 

discoveries. Both ancient and modern knowledge must be viewed unbiasedly, and only the truth 

must be accepted. He supported examining ancient literature to check the facts and build upon it to 

suit experimental observations. He said that ancient knowledge was brought out as a tradition 

through rigorous study and practice, but what remains now is scanty after being diluted through 

generations. Yet, if humanity could investigate these topics in a fresh light with proper attention, then 

it is possible to build it up in due course of time for the benefit of all humans globally. We 

incorporated his ideas and initiated this study as a step in this direction. 

Appendix A.2. Details of the Signals Recorded 

Electrocardiogram (ECG): ECG measures the heart’s electrical activity [27]. An 

electrocardiograph is an instrument sensitive to small electrical currents emitted by the heart. ECG 

voltages are generally of the order of millivolts, and are amplified during data acquisition. 

Importantly, ECG only records the electrical activity and not the mechanical movements taking place 

in the heart (please refer to [27] for further details on ECG). Cardiac electrical phenomena are 

exceedingly complex, and hence the non-invasive recordings made on the body surface (even if 

precise) can, at best, provide only a lower dimensional estimate of cardiac electrical properties. 

Electromyogram (EMG): Voluntary skeletal muscle contractions also result in measurable 

electrical activity (recorded as EMG) [28]. Multiple motor units in each muscle proportionately 

activate according to the strength of muscular contractions. Fewer motor units activate for weak 

contractions, while more motor units fire at faster frequencies for stronger contractions, leading to 

higher EMG voltages on the body surface. Polygraphy records the contraction of entire muscles; 

hence, only two electrodes were placed (positive and ground) for acquiring one channel EMG signal. 

Relatively higher EMG frequency and amplitude occur when muscles contract. EOG is a variant of 

EMG with electrodes placed close to the eyes for measuring eye movements assessed based on the 

corneo-retinal standing potential [29]. 

Respiration: Several transducers are available for measuring respiration. Our method was based 

on a thermistor (a temperature-sensitive resistor) [30] placed near the nostrils, wherein its resistance 

varied as hot air blew through it during expiration, and relatively colder air passed it during 

inspiration. When placed in one arm of a Wheatstone bridge, the thermistor sensed variations in 

electrical resistance in the balancing arm of the bridge. 
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Electroencephalogram (EEG): Neurons are the basic functional units of the central nervous 

system (CNS). Neuronal currents drive brain and spinal cord activity. Rhythmical voltage changes 

originate in the neurons and are measurable with electrodes either non-invasively on the scalp or 

invasively from the cerebral cortex. When measured on the scalp as EEG [102], individual neuronal 

signals are summated, as millions of them discharge synchronously. Although EEG data acquisition 

principles share similarities with ECG, the ECG physiological mechanisms are different and 

relatively well understood, whereas mechanisms generating EEG waveforms are significantly more 

complex and harder to understand [102]. As such, EEG signals can be interpreted generally on a 

purely empirical basis. The peak-to-peak EEG amplitude is typically <100 microvolts, while that on 

the exposed brain is 10 to 20 times greater. The frequency content ranges from <1 Hz to about 80 Hz 

[102]. It depends on the underlying neuronal processes, including the level of attention, wakefulness 

and sleep. There is also considerable inter-individual variability arising from biological differences. 

EEG activity varies both in frequency and amplitude under different circumstances, for example, 

in certain healthy mental states (different levels of consciousness [109]) and pathological conditions, 

such as epilepsy [110]. Under normal conditions, there is generally an inverse relationship between 

amplitude and frequency; if the frequency increases, the amplitude usually decreases [102]. Different 

names have been assigned to different EEG wave types depending on the frequency range. We briefly 

describe each of these EEG frequency bands next [31,32]. 

Alpha waves (8–13 Hz) typically appear over the occipital lobes in the awake, mentally relaxed 

state with closed eyes, and disappear when the eyes are open. Beta waves (13–30 Hz) often appear 

over the parietal and frontal lobes. Under normal conditions, the amplitude of beta waves is lower, 

only rarely exceeding 20 microvolts. Theta waves (4–8 Hz) appear in adults during light sleep and in 

children. Delta waves contain all EEG activity below 4 Hz. They appear in adults during deep sleep, 

in premature babies and in infants. Theta and delta waves are generally inconspicuous in healthy 

alert adults. Gamma waves (30–80 Hz) occur during intense cognitive processing. Pathological 

waveforms (e.g., spikes) occur during epileptic attacks. Subcortical processes affecting levels of 

consciousness also affect the shape of EEG waves by modulating the synchronization of cortical 

neurons. For instance, drowsiness, sleep and levels of consciousness cause certain characteristic 

changes in EEG. 

There are several standards for EEG electrode placement on the scalp. One frequently-used 

standard is the International 10-20 electrode placement system [111], so named because the positions 

of the electrodes are based on intervals of 10% or 20% of the distance between specified points on the 

scalp. Electrode locations and naming have been standardized by the American 

Electroencephalographic Society; please refer to figures 1 to 6 in [112] and figure 2 in [113] for 

illustrations of the 10-20 system. To obtain good electrical contact in the case of wet electrodes (used 

by us), an electrolyte paste was applied between the electrode and the cleaned scalp. 

Like ECG, EEG can be recorded with either bipolar or unipolar (monopolar) configurations 

[102]. In the bipolar configuration, the difference in voltage between two scalp electrodes is 

measured, whereas in the unipolar configuration, the voltage of each electrode is measured with 

respect to an indifferent (or ground) electrode (generally on the chin, ear or back of the neck), but 

with slight interference from adjacent muscles and ECG also being recorded as noise. The voltage 

measured on the scalp from a specific cortical center of activity decreases roughly with the square of 

the distance between the two. Therefore, the EEG signal essentially represents cortical activity from 

within the vicinity of the electrodes, and also not directly from deeper parts of the brain [102]. 
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