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Heart rate variability (HRV)
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Figure 1. Neuroregulatory influences on sinus rate and rhythm, heart rate o HF
vgnabshiy (HRV), and differences between tirne and frequency domain analy- =
sis of HRV. Negruregulatory influences (A) are integrated centrally {CNS) and 8
influence the sinus node (SN) via the autonomic nervous system. Time domain
HRV analy_sis (B) reflects overall autonomic activity but does not separate out
sympathetic and parasympathetic components. Power spectral analysis (C),
on the other hand, can distinguish high-frequency (HF) and low-frequency 0 [ I 1 | |
(LF) components that are thought to reflect parasympathetic and predomi- 0 0.5

nantly sympathetic activity, respectively. Frequency (Hz)






HRV & 47 /%

= FE L 37 (time domain)

= 33 & 7 (frequency domain)
1. P-i# & = 3 # 3 (Fast Fourier Transformation, FFT)
2. p #Pi% Efﬁs‘f:ﬂ'] w3+ (Auto-Regressive model, AR)

= ] 4 & F7 (Wavelet analysis)
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HRV:ipF I8 % o1 /%

(time domain)

. RRI 1L 3578 (mean)
& g X (standard deviation, SD)
. % 2 %3 (coefficient of variation, CV)
2 A0 #%F7 & (relative dispersion, RD)
.r-MSSD : #p 4% RRIZ B 5> 9
. pPNN50 : #p #8 RRI < *+ 50 %ﬁ/'jéﬁb‘* BiS
S #g 1% (triangular index)
A j;, 1% (differential index)
. *i'%ﬁs::}% 1% (logarithmic index)



HRV e 5% 4 77 j2

(frequency domain)

3? (TP) : 0.01-0.4 Hz
% (HFP) : 0.15 - 0.4 Hz

—F%m&@ﬂ@m%&
— B AR O M AR I el o

< #E 74 & (LFP) : 0.04-0.15 Hz
— R R SR RN SRy
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B HE 75 b (NHFP=HFP/TP) © & % B4 /5
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B-blocker
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e Scopolamine (Vybiral et al, 1990; Casadei et al., 1993)
o I3

o LRITH BRI IR L2 IR L R
— Kuo et al. Am J Cardiol 1998; 81:392-396
— Kuo et al. Crit Care Med 2000; 28:1283-9
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— Kurita et al. C/lin Cardiol 1999:22:207-12
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— Bravo et al. J Am Geriatr Soc 1996:44:756-62
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FiGure 3. R-R nterval series,
i.e., tachogram at rest and during
passive upright 90° tilt. On the auto-
spectra {bottom panels), two clearly
separated low- and high-frequency
components are present at rest. Dur-
ing tilt, the low-frequency compo-
nent becomes preponderant.
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The Effect of Lion-King Recumbency on the Autonomic
Nervous Activity in Coronary Artery Disease and
Pregnancy
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nHFP: 25.4 nu
nLFP: 75.6 nu
LFP/HFP: 2.94

Left lateral decubitus

nHFP: 24.1 nu
nLFP: 75.9 nu
LFP/HFP: 3.15

0.0

Right lateral decubitus

nHFP: 32.5u
alFP: 67.5nu
LFP/HFP: 2.07

0.1 0.2 03 0.4 05
Frequency (Hz)

Severe CAD

3000

2000 -

Supine

nHFP: 13.8 nu
nLFP: 86.2 nu
LFP/HFP: 6.25

Left lateral decubitus

nHFP: 17.4 mu
nLFP: 82.6 nu
LFP/HFP: 4.74

3000 -

2000

Right lateral decubitus

nHFP: 30.6 nu
nLFP: 69.4 nu
LFP/HFP: 2.27

Frequency (Hz)

FIGURE 1. Representative RR
intervals power specitra during
various recumbent positions in
a patient in the control group
(left panels) and a patient with
severe CAD (right panels). In
right lateral decubitus position
the normalized high-frequency

in normalized unit
‘nHFP) was the highest,
whereas the normalized low-

uency power in nermal-

:ﬁ' unit (nLFP) and low-/

ig uency power ratio
(LFP/HF:‘ewere the ll:;nwest,
among 3 recumbent posi-
fions in both the control ::—
fient and the patient with se-
vere CAD. nu = normalized
unit; PSD = power speciral
density.



Comparison of Three Recumbent
Positions on Vagal and Sympathetic

Spectral Heart

Rate Variability in Patients With
Coronary Artery Disease

Cheng-Deng Kuo, mp, Phb, and Gau-Yang Chen, Mp, Msc

Patients with coronary artery disease (CAD) have de-

ressed vagal modulation. Because the mortality risk
fl:'om acute myocardial infarction is lower in patients
with higher vagal modulation, methods that can in-
crease vagal modulation are desirable for patients with
CAD. The right lateral decubitus position has been
found, in young healthy subjects, to lead to the highest
vagal modulation among 3 recumbent positions using
spectral heart rate variability (HRV) analysis. This study
investigated which recumbent position can give rise to
the highest vagal modulation in patients with severe
CAD. Twenty-seven patients scheduled for coronary ar-
tery bypass groft surgery and 17 patients with angio-
graphically normal coronary arteries were studied.
Speciral HRV analysis was performed in random order
on these patients in 3 recumbent positions: namely, the
supine, left lateral decubitus, and right lateral decubitus
positions. Normalized high-frequency power was the

highest, whereas normalized low-frequency power and
low/high-frequency power ratio in the right lateral de-
cubitus position were the lowest, among the 3 recum-
bent positions in both groups of patients. The lower the
normalized high-frequency power in the supine or left
lateral decubitus position, the higher the increase in the
normalized high-frequency power when the position
was changed ?rom supine or left lateral decubitus to
right lateral decubitus in patients with severe CAD. Right
lateral decubitus position can lead to the highest vagal
modulation and the lowest sympathetic modulation
among the 3 recumbent positions in patients with severe
CAD. Therefore, the right lateral decubitus position can
be used as an effective physiologic vagal enhancer in
patients with severe CAD. ©1998 by Excerpta Medica,
Inc.

(Am J Cardiol 1998;81:392-396)
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Effect of different recumbent positions on spectral indices of
autonomic modulation of the heart during the acute phase of

myocardial infarction

Cheng-Deng Kuo, MD, PhD; Gau-Yang Chen, MD, MS; Huey-Ming Lo, MD

Objective: Ta examine which recumbent position can lead to
the highest vagal modulation in patients during the acute phase of
myocardial infarction.

Design: Descriptive study.

Setting: Intensive care unit in a medical center.

Patients: A total of 52 patients admitted to the intensive care
unit because of acute myocardial infarction (AMI), 41 patients
with coronary artery disease (CAD), and 28 patients with patent
coronary arteriogram.

Interventions: None.

Measurements and Main Results: Heart rate variability analy-
sis was performed in patients with AMI, patients with CAD, and
patent coronary controls in supine, left lateral decubitus, and right
lateral decubitus positions in random order. In the right laterai
decubitus position, the vagal modulation was the highest and the
sympathetic modulation was the lowest among three recumbent
positions in three groups of patients. When the position was
changed from supine to right lateral decubitus, the increase in

vagal moduiation was greater in patients who had more severely
depressed vagal modulation in the supine position and the rate of
increase was the greatest in patients with AMI, followed by
patients with CAD and patent coronary controls. Detailed analysis
showed that the vagal enhancing and sympathetic suppression
effect of the right lateral decubitus position applied to patients
with Q wave myocardial infarctions.

Conclusions: The right lateral decubitus position can lead to
the highest vagal modulation and the lowest sympathetic modu-
lation among three recumbent positions in patients with 0 wave
myocardial infarction. The right lateral decubitus position can be
used as an effective vagal enhancer in patients with Q wave
myocardiat infarction but without severe bradycardia or atrioven-
tricular block. (Crit Care Med 2000; 28:000--000)

Ker Woros: acute myocardial infarction; heart rate variability;
position; recumbency; right lateral decubitus; supine; autonomic
nervous activity; vagal; sympathetic; intensive care
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Anaesthesia, 1997, 52, pages 1161-1165

Nonpregnant
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Figure 1 R.epresentative power spectra in a nonpregnant (left panel) and a pregnant woman (right panel) in three recumbent positions.
The woman in late pregnancy has a very small high~frequency component, as compared with that of the nonpregnant control. In the
nonpregnant woman, the normalised high-frequency power is greatest in the right lateral decubitus position, followed in decreasing
order by the left lateral decubitus and supine positions. In the pregnant woman, however, the normalised high-fregquency power is
greatest while the normalised low-frequency power and the low/high-frequency power ratio are smallest in the left lateral decubitus
position. PSD, power spectral density; nHFP, normalised high-frequency power; nILFP, normalised low-frequency power; LFP/HFE,

low/high-frequency power ratio; nu, normalised units.
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The effect of position on autonomic nervous activity in
late pregnancy

C.-D. Kuo,' G.-Y. Chen,2 M.-J, Yang® and Y.-S. Tsai*

1" Cardiopulmonary Laboratory, Respiratory Therapy Department, Veterans General Hospital- Taipei,

and College of Medicine, National Yang-Ming University, Taipei, Taiwan, The Republic of China

2 Department of Medicine, Provincial Tao-Yuan General Hospital, Tao-Yuan, and Institute of Clinical Medicine

National Yang-Ming University, Taipei, Tawan, The Republic of Ching

3 Department of Obstetrics and Gynecology, Veterans General Hospital-Taipei, Taipes, Taiwan, The Republic of Ching

4 Department of Biomedical Engineering, Chung-Yuan Christian University, Chung-Li, Tatwan, The Republic of China
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Anaesthesia, 1999, 54, pages 215-219

Gau-Yang Chen et al. « Autonomic nervous activity in late pregnancy
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Figure 1 Representative power spectra in a nonpregnant woman (left) and a late pregnant woman (right) in the supine and upright
positions. The power was lower in late pregnant women relative to that of nonpregnant women. The normalised high-frequency power
1s greater in the supine position relative to the upright position in nonpregnant women, whereas pregnant women showed the reverse
trend. PSD, power spectral density; nHFP, normalised high-frequency power; nLFP, normalised low-frequency power; LFP/HFP, low-

to high-frequency power ratio; nu, normalised units.
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Comparison of supine and upright positions on autonomic

nervous activity in late pregnancy: the role of aortocaval
compression

Gau-Yang Chen,"* Cheng-Deng Kuo,** Ming-Jie Yang,® Huey-Ming Lo and
Yuh-Show Tsai®

1 Visiting Staff, Department of Medicine, Provincial Tao-Yuan General Hospital, Tao-Yuan, Taiwan, ROC

2 Institute of Clinical Medicine, National Yang-Ming University School of Medicine, Taipei, Taiwan, ROC

3 Visiting Staff, Cardiopulmonary Laboratory, Respiratory Therapy Department, Veterans General Hospital-Taipe,
Taipei, Taiwan, ROC

4 National Yang-Ming University School of Medicine, Taipei, Taiwan, ROC

5 Visiting Staff, Department of Obstetrics and Gynecology, Veterans General Hospital-Tuipei, Taipei, Taiwan, ROC
6 Lecturer, Department of Biomedical Engincering, Chung-Yuan Christian University, Chung-Li, Taiwan, ROC
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Circ J 2008; 72: 902-908

Comparison of Effect of 5 Recumbent Positions on
Autonomic Nervous Modulation in Patients
With Coronary Artery Disease

Jen-Lin Yang, MD, MS"; Gau-Yang Chen, MD, PhD*."; Cheng-Deng Kuo, MD, PhD##*

Conclusions Right lateral decubitus position leads to the highest vagal
modulation in the controls, whereas the supine position leads to the lowest
vagal modulation in the CAD patients. In addition to the right lateral
decubitus position, both the right and left prone positions can be used as a
vagal enhancer in patients with CAD as compared with supine, especially
for those patients who have severely reduced cardiac vagal modulation
while supine. (Circ J 2008; 72: 902-908)
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The Effect of Tai Chi Chuan on the

Autonomic Nervous Modulation In
Older Persons

WAN-AN LU and CHENG-DENG KUOQ-

nstitute of Traditional Medicine, National Yang-Ming University .SI:'.H.:I:JE of Medicine, Taipei, TAIWAN; *Division of
Chinese Medicine, Municipal Jen-Ai Hospital, Taipei, TAIWAN, and Lﬂbﬂmmn af Biophysics, Depariment of Medical
search and Education, Taipei Veterans General Hospital, Taipei, TAIWAN

ABSTRACT

LU, W-A_, and C-D. EUJQ. The Effact of Tar Chi Chuan on the Autonemme Nervous Meodulation i Older Persons. Med. Soi. Sports
Exerc., Vel 35, Wo. 12, pp. 1972-1976, 2003, Purpose: This study evaluated the effact of Tar Clo Chuan (TCC) on the autoncnuce
pervous medulation m older persens. Methods: Twenty TOC pracotioners and 20 normal controls were meluded m thes study. The
stationary state spectral heart rate vanability (HEV) measures betwesn TCOC practifionsrs and normal controls, and the sequential
changes m HEV measwres after clasmical Yang's TCC were compared Results: The total power, very low-frequency power,
low-frequency power, normalized low-frequency power, and low-Tugh-frequency power ratios in TOC practitionsrs were all sigmf-
wantly hugher than those of normal controls, whereas the heart rate and systolie and diastolic blood pressures were not dufferent between
thess two groups of subjects. After TCC, the nommalized hugh-frequency power mereased sigmficantly from 22.8 = 14.6 nommalized
wuts (nu) before TCC to 28.2 + 16.1 nu 30 nun after TCC and to 30.6 = 1E.4 nu 60 pun after TCC. In contrast, the low-Tugh-frequency
power ratio decreased sigmfAcantly from 2.5 = 2.4 before TCC to 1.8 = 1.4 30 pun after TCC and to 2.2 = 2.9 60 nun after TCC.
The heart rate svstohe blood pressure, diastolic blood pressure, mean artenal blood pressure, and pulse presswre also decreased
sequentially after TOC. Concluzion: The short-term effect of TCC was to enhance the vagal modulation and nlt the sympathovazal
balance toward deceased sympathetic modulation 1 older persons. TCC mught be zood health-promoting calisthemes for older persons.
Key Words: HEART FATE VARIABILITY, SPECTEUM, SYMPATHETIC, VAGAL, EXERCISE
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Comparison of the Effects of Tai Chi Chuan
and Wai Tan Kung Exercises on Autonomic
Nervous System Modulation and on
Hemodynamics in Elder Adults

Wan-An Lo
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Figure 1. The positions of the P6 (Neiguan) and sham acupuncture pomts chosen in this study.
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The Effect of Foot Reflexology on Autonomic Nervous
Modulation and Hemodynamics in Patients With Coronary
Artery Disease
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B Foot reflexology (FR) is effective in changing
renal blood flow. (Sudmeier et al. Forsch
Komplementarmed. 1999;6.129-134)

B FR can relieve pain in patients with metastatic
cancer and decrease anxiety in patients with

breast and lung cancer. (Stephenson et al. App/ Nurs
Res. 2003,16:284-286, Stephenson, et al. Oncol Nurs Forum.
2000,27:67-72.)
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This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#10786791. To subscribe, visit alternative-therapies.com.

ORIGINAL RESEARCH

Foot Reflexology Can Increase Vagal Modulation,
Decrease Sympathetic Modulation, and Lower Blood
Pressure in Healthy Subjects and Patients With
Coronary Artery Disease

Wan-An Lu, MD, PhD; Gau-Yang Chen, MD, PhD; Cheng-Deng Kuo, MD, PhD

Conclusion ¢ FR may be used as an efficient adjunct to the
therapeutic regimen to increase the vagal modulation and
decrease blood pressure in both healthy people and CAD
patients. (Alfern Ther Health Med. 2011;17(4):8-14.)
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Clin Auton Res (2010) 20:375-380
DO 10,1007/ 5 10286-0 10-00577-3

RESEARCH ARTICLE

The effect of ice water ingestion on autonomic modulation
in healthy subjects

Chen-Te Chiang - Tsan-Wan Chiu - Yu-Siung Jong -
Gau-Yang Chen - Cheng-Deng Kuo

Interpretation  lIce water ingestion can decrease heart rate
through temperature stimulus-mediated vagal enhancement
in healthy subjecis.
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Autonomic Neuroscience: Basic and Clinical

journal homepage: www.elsevier.com/locatefautneu

Effects of altitude in high-rise building on the autonomic nervous modulation in
healthy subjects

Pao-Chen Lin*!, Wei-Lung Chen "', Wei-Fong Kao¢, Yi-Hsuan Yang ? Cheng-Deng Kuo **

* laboratory of Biophysics, Department of Research and Education, Taipei Veterans General Hospital, Taiped, Tafwan
" Department of Emergency Medidne, Cothay General Hospital, Taipei, Taiwan

* School of Medicine Fu Jen Gatholic University, Taipe, Taivwan

? Deparmment of Emergency Medicine, Taipei Veterans General Hospital, Taipel, Taiwan

basement to the 46th floor. In conclusion, higher altitude in an air-conditioned high-rise building can lead
to an increase in HRV/vagal modulation. The stay at a higher altitude in a high-rise building may lead to
increased overall HRV and vagal modulation of a subject, especially for the elder people and the people who
had a small HRV at ground level.



Conclusions

 In conclusion, higher altitude in an air-
conditioned high-rise building can lead to an
Increase in HRV/vagal modulation. The stay at
a higher altitude in a high-rise building may
lead to increased overall HRV and vagal
modulation of a subject, especially for the
elder people and the people who had a small
HRYV at ground level.
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Research Article Open Access

Low-altitude Mountain Tourism Increases Overall Heart Rate Variability and
Decreases Heart Rate and Blood Pressures in Healthy Adults

Chen-Hsu Wang'-3, Audrey Ming-Li Fan', Chen Lin*% and Cheng-Deng Kuo'"

!l aboratory of Biophysics, Department of Medical Research, Taipei Veterans General Hospital, Taipei, Taiwan

2Graduate Institute of Translational and Interdisciplinary Medicine, National Central University, Taoyuan, Taiwan

3Medical Intensive Care Unit, Division of Cardiology, Department of Internal Medicine, Cathay General Hospital, Taipei, Taiwan
4Research Center for Adaptive Data Analysis, National Central University, Taoyuan, Taiwan

5Center for Dynamical Biomarkers and Translational Medicine, National Central University, Taoyuan, Taiwan

‘Corresponding author: Cheng-Deng Kuo, Laboratory of Biophysics, Department of Medical Research, Taipei Veterans General Hospital, Taipei 112, Taiwan; Tel-
886228757745; E-mail: cdkuo23@gmail.com

Received date: December 22, 2014; Accepted date: January 28, 2015; Published date: January 31, 2015
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Conclusion: Low-altitude wilderness tounsm within 1080 MASL can lead to a decrease in HR and BP, and an
increase in overall HRV. The greatest decrease in HR and BP and the greatest increase in overall HRV occur at
around 520 MASL. Male subjects have higher overall HRV and low-frequency components than females at 520
MASL. Travel in low-altitude mountain area may be good to physiological fitness for healthy adults in terms of
automatic nervous modulation and blood pressure regulation, especially in the older people.



Conclusions

e Low-altitude wilderness tourism within 1080
meters above sea level (MASL) can lead to a
decrease In HR and BP, and an increase in overall
HRV.

e The greatest decrease in HR and BP and the
greatest increase In overall HRV occur at around
520 MASL.

« Male subjects have higher overall HRV and low-
frequency components than females at 520 MASL.
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This study found that the subjects’ parasympathetic nerve activities were
reduced after watching a 3D film, indicating that watching a 3D film would

make people uncomfortable and tired.

Thus, HRV analyses could be an objective physiological index for

discomfort as viewing 3D films.
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Uncertainty Principle is not true in

some cases of hydrogen-like atom

and in the case of simple harmonic
oscillator.



Uncertainty Principle of Heisenberg

e |Introduced into physics by Werner Heisenberg in 1927.

e If the position x of an electron or the momentum p of that
electron has been independently measured in the specific
state, then the uncertainties in the measurements of
position and momentum satisfy the following relation

Ap-AX=>Hl?2

e Ax:uncertainty in position; Ap: uncertainty in momentum;
h:= Plank's constant h/2 .



Uncertainty Principle

e Verbal statement:

“It is impossible to know both the position and the
momentum of a particle at a given moment to an
arbitrary degree of accuracy”

e Variables that cannot be simultaneously known to an
arbitrary precision are called complimentary

e Examples:
Momentum and Position: Ap/\q > h/2
Energy and Time: AEAt2>h/2
Angle and Angular Momentum: AMPALz >h/2



Definition of uncertainty

A0 =[(0%)~(0)

(O0)= J.\P(x)*O\P(x)dx
(0%)= j ¥ (x) 02 (x)dx

* y(x): wavefunction; O: observable

 From the defining equations, the uncertainties of
an observable and its conjugate observable can be
calculated exactly and simultaneously if the
wavefunction of the system is known.



Uncertainties in simple harmonic
oscillator

AXZ\/(n-I-%)h/m(D

Ap:\/(n+%)mo)h
AX-Ap = (n+1)n

e The uncertainties in both position and
momentum of a simple harmonic oscillator are
non-zero and exact, being proportional to

1
n+1i



ldea

e |f additional information, such as the
wavefunction, can be input into the
calculation of the uncertainties of an
observable and its conjugate observable, then
there must be some additional certainty in the
measurements of that observable and its
conjugate observable.



Radial part of Schodinger equation for
hydrogen-like atom

Waim = anr(r)Ym (4 9)

an = arI
n® o ze*  hA(1+1)
__—2an EnI o 2 An =
2 or r 2.ur

e Z:atomic number of atom; u: reduced mass



Uncertainty in r

(r) = ;—Q[Snz —1(1+12)]

(r?) = 320;”: [5n2 +1-31(1+1)]

Ar = (r*)=(r)’ =2 Jn?(n? +2)-17(1 +2)

27

e (r): average distance of electron from nucleus

e (r’) : mean squared radius of nuclear charge distribution
around its center of mass

e a,=h*/ue?Bohr radius for hydrogen-like atom.



Dependence of Aron nand/

* The uncertainty Ar depend on principal qguantum
number n and azimuthal quantum number /.

e [can take n different values in all for a given value
ofn,ie.,l=0,1, .., n-1.



Mean value of radial momentum

P, ——lhlir——h(g+lj
r or or r

' or

(p,)= —ihT r’drR, (g - %)Rn, = —m{
|h_[r drR, (QJF ij _<pr>:o

or r

r’drR iR —jrdrR }

O'—:S



Mean value of squared radial momentum




Uncertainty in radial momentum

* Ap, also depend onnand /.



Product of Arand Ap,




When | assumes its maximum value
for a given n: | =n-1

Ar = 20 nv2n+1
/ 2
Ar 1
<r> v2n+1
Zh 1
AD. = :
P a, nv2n-1
Ap, - A _h o 2n+1




When n=1 and /=0




For S orbit (/=0)

Ar =% [z 40
27
Ar  An®+2
r 3N
Zh
Ap, =—
na,

Ap, -Ar:g\/n2+2



Table 1

The values lor the uncertamnties in the measurements of radial position and radial momentum, the relative
dispersion in radial position and the product of uncertainties of radial position and radial momentum in a
hydrogen-like atom

it ! {r Ar Arf{r} Ap, Ap, - Ar
| 0 1.5% 0.8665 0.577 e 0.8660
2 0 6% 24492 0.408 (.54 12254
2 | 3% 2.236% 0.447 (.289 & 0.6454
3 0 13.5% 4.975% 0.369 0.333& 638
3 | 125% 4.873% 0.39 0.248 & 1. 2114
3 2 10,55 31.9695 0.378 0.149 4 0.5924
- 0 4% 84855 0.354 uz:.ﬂ 21214
- | 3% §.4265 0.366 uzmﬂ 17204
- 2 1% 1.937% 0.378 0. ms-’* 1.255h
4 3 8% e 0.333 uusm”-‘ 0.567k

i, principal quantum number; [ azimuthal quantum number; {r), uncertainty in radial position: Arf{r},
relative dispersion in radial position: Ap,. uncertainty in radial momentum; and Ap, - Ar, product of
uncertainties of radial position and radial momentum,
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Fig. 1. The changes in the uncertainties Ar and Ap,, relative dispersion Ar/{r} and product of uncertainties
Apy - Arwith respect to principal quantum number n and azimuthal guantum number £ As »n increases, the
uncertainty in radial position Ar is increased and the uncertainty in radial momentum Ap, 15 decreased.
However, for the same n, the increase in { will result in simultaneows decrease in Ar, Ap,. and Ap, - Ar.



Violation of Uncertainty Principle

 Uncertainty Principle: The more precisely the
position is determined, the less precisely the
momentum is known in this instant, and vice
versa.

 Hydrogen-like atom:

— A decrease in Ar due to an increase in | is accompanied
by a simultaneous decrease in both Ap,and Ap -Ar for
the same n, rather than increase.

 Simple harmonic oscillator

— The increase in Ax is accompanied by a parallel
increase in Ap when n is increased.



Conclusion

* We can know at the same time (r), {p,), Ar, Ap,,
and Ap -Ar, for the electron in the non-relativistic
hydrogen-like atom.

 The frequently quoted saying of the Uncertainty
Principle of Heisenberg "The more precisely the
position is determined, the less precisely the
momentum is known in this instant, and vice
versa' is not true in some cases of hydrogen-like
atom and in the case of simple harmonic
oscillator.
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