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Abstract: - In this paper, the wireless system consisting of macrodiversity selection combining (SC) receiver 

and two microdiversity SC receivers under the influence of small scale fading and large scale fading, as well as 

co-channel interference is observed. Small scale fading has Weibull distribution. Correlated large scale fading 

is described by Gamma distribution. Co-channel interference is disturbed by α-κ-µ fading and Gamma large 

scale fading. Probability density function (PDF) and cumulative distribution function (CDF) of the ratio of 

Weibull random variable and α-κ-µ random variable are given. The formula for CDF of macrodiversity SC 

receiver output signal to interference ratio (SIR) is also presented. Level crossing rates at the outputs of 

microdiversity SC receivers are determined. Then, the level crossing rate (LCR) of wireless system output 

signal to interference ratio is derived and shown in some figures. Based on them, the influence of Weibull 

fading nonlinearity parameter, α-κ-µ fading severity parameter, α-κ-µ fading nonlinearity parameter, Rician 

factor, Gamma long term fading severity parameter and Gamma long term fading correlation coefficient is 

studied.      
  
Key-Words: - macrodiversity receiver; microdiversity receiver; selection combining (SC); Gamma fading; 

Weibull fading; α-κ-µ fading; level crossing rate 

1 Introduction 
The characteristics of the first and the second orders 

of the wireless system are impaired owing to the 

influence of small scale fading, large scale fading 

fading and co-channel interference. The second 

order performances are level crossing rate (LCR) 

and average fade duration (AFD) of wireless mobile 

communication system [1]. To mitigate the small 

scale fading, large scale fading fading and co-

channel interference effects on the level crossing 

rate it is necessary to use a macrodiversity system.  

The macrodiversity system consists of one 

macrodiversity receiver and two or more 

microdiversity receivers [2]. The macrodiversity 

receiver is the most often of selection combining 

(SC) type. Its SC receiver selects microdiversity 

receiver with higher signal envelope (or signal to 

interference ratio) average power at inputs, resulting 

in Gamma large scale fading reduction. The 

microdiversity receivers could be maximal ratio 

combining (MRC), equal gain combining (EGC), or 

selection combining receivers [3].  

 The simplest is SC receiver which chooses the 

branch with the highest signal, or signal to 

interference ratio, which implies the small scale 

fading effects reduction and co-channel interference 

effects reduction [1].  

Many different distributions describe signal 

envelope in fading environments such as Rayleigh, 

Rician, Nakagami, Weibull distribution, or general 

distributions like α-κ-µ distribution [4]. Weibull 

distribution describes small scale signal envelope 

variation in nonlinear, non line of sight (NLoS) 

fading surroundings [5]. It has parameter α, called 

nonlinearity parameter. Weibull distribution is 

general distribution because for α=2, Weibull 

distribution reduces to Rayleigh distribution. For α 

tends to infinity Weibull channel becomes no fading 

channel.  

On the other side, the α-κ-µ distribution is 

characterized by three parameters, where parameter 

α is nonlinearity parameter, κ is Rician factor and µ 

is small scale fading severity parameter [6]-[9]. 

Rician factor is the ratio of dominant component 

power and scattering components powers. 
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 The α-κ-µ distribution is also general 

distribution. The other few distributions could be 

obtained from α-κ-µ distribution as a special case. If 

α=2, this distribution reduces to κ-µ distribution; if 

κ=0, the α-κ-µ becomes α-µ distribution; if κ=0 and 

µ=1, the α-κ-µ distribution comes down to Weibull 

distribution; if α=2 and µ=1, the α-κ-µ distribution 

reduces to Rician distribution; if α=2 and κ=0, the α-

κ-µ is Nakagami-m distribution, and if α=2, κ=0 and 

µ=1, the Rayleigh distribution occurs. 

The analysis of wireless systems in α-k-μ fading 

environment subjected to shadow effect is presented 

in [8]. The second order performance of the α-κ-μ 

envelope is derived in [9]. Many articles given in 

literature review consider macrodiversity system 

performance in the presence of large scale fading, 

small scale fading and co-channel interference. For 

example, the wireless system with macrodiversity 

SC receiver and two microdiversity SC receivers in 

Gamma shadowed Weibull multipath fading 

environment, under Weibull co-channel interference 

influence, is considered in [10]. The level crossing 

rate is calculated. 

Macrodiversity system with macrodiversity SC 

receiver and two microdiversity SC receivers where 

desired signal is under Weibull short term fading, 

correlated Gamma long term fading and co-channel 

interference, which experiences α-κ-µ short term 

fading and correlated Gamma long term fading is 

analyzed in [11]. Here, the outage probability is 

evaluated from cumulative distribution function. 

In this article, the wireless system with 

macrodiversity SC receiver, used to mitigate fading 

and co-channel interference effects on the system 

performance of the second order, is analyzed. 

Useful signal suffers Weibull fading and Gamma 

fading, and co-channel interference is under α-κ-µ 

fading and Gamma large scale fading. Level 

crossing rate of the ratio of Weibull random variable 

and α-κ-µ random variable is derived and used for 

calculation the LCR of microdiversity and 

macrodiversity SC receivers.  

 

 

2 PDF of the Ratio of Weibull 

Random Variable and α-κ-µ Random 

Variable 
The ratio of Weibull random variable and α-κ-µ 

random variable is: 
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Ω1 is average power of x. x1 follows Weibull 

distribution [5]: 
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α is Weibull short term fading nonlinearity 

parameter. 

The random variable y follows κ-µ distribution 

[12] [13]: 
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and random variable y1 has α-κ-µ distribution [6]: 
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where κ is Rician factor; α is nonlinearity 

parameter; Ω2 is average power of y1; Γ(.) is 

incomplete  gamma function [14].  

The first derivative of z1 is: 
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The first derivative of Rayleigh random variable 

has Gaussian distribution and the first derivative of 

κ-µ random variable has also Gaussian distribution. 

Therefore, x  and y  are Gaussian variables. Since 

the linear transformation of Gaussian random 
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variables has also Gaussian distribution, 1z follows 

Gaussian distribution. The mean of 1z is:    
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1

2
0

x x
z y

yz y

 
    

 


         (7) 

because 0x y   . 

The variance of 1z is:    
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where  
2 2

1x mf      (9) 
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After substituting, the expression for variance 

of 1z becomes: 
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The joint probability density function of z1, 1z and 

y is: 
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After the next substituting, the expression for 

 
1 1 1 1z z yp z z y  is: 
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The joint probability density function of z1 and 

1z  is: 
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Level crossing rate of random process z1 is: 
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3 Level Crossing Rate of 

Macrodiversity System Output SIR 
The model of macrodiversity system observed in 

this paper is presented in Fig. 1.  

Probability density function of xij, i=1,2; j=1,2 is  

Weibull (3). 
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Fig.1. System model 

 

Random variables yij follows α-κ-µ distribution 

(5): 
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Joint probability density function (JPDF) of Ω1 

and Ω2 is [1]: 
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where c is Gamma long term fading severity 

parameter, ρ is correlation coefficient, and Ω0 is 

average value of Ω1 and Ω2.   

The joint probability density function (JPDF) of 

s1 and s2 is [1]: 
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where c1 is Gamma long term fading severity 

parameter of interference, β is average value of s1 

and s2. 

The CDF of macrodiversity SC receiver output 

signal to interference ratio is [11, eq. (13)]: 
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Macrodiversity system chooses microdiversity 

SC receiver with higher signal envelope average 

power or signal to interference ratio from its inputs. 

The level crossing rate at the SC receiver output 

is: 
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The level crossing rate of macrodiversity SC 

receiver output signal to interference ratio process 

is: 
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In the previous expression, two-fold integral can 

be written in the form [15] [16]:  
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The integral J1 is: 
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The integral can be solved by using the formulae: 
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Here, 2F1(α,β;γ;x) is a  Gauss's hypergeometric 

function (Gauss 1812, Barnes 1908).   In general, it 

arises the most frequently from physical problems 

derived by Gauss and Barnes in [17] and [18]: 
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This is so-called regular solution, denoted by: 
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It converges if c is not a negative integer for all 

of 1z   and is on the unit circle 1z   if 

  0R c a b   . Here,  
n

a  is a Pochhammer 

symbol. 

For solution of the integral J1, the parameters 
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The integral J2 is: 
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It could be solved in the same way, with the next 

group of parameters which will be put into (25):  
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(30) 

Finally, after substitution J1 from (28) and J2 

from (30) into (23) and (22), the level crossing rate 

of macrodiversity SC receiver output signal to 

interference ratio becomes: 
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(31) 

 

 

4 Numerical results  
Fig. 2 to 4. present average level crossing rate of 

macrodiversity system for several values of Gamma 

long term fading severity parameter c, Weibull short 

term fading nonlinearity parameter α, α-κ-µ short 

term fading nonlinearity parameter α, α-κ-µ short 

term fading Rician factor κ and α-κ-µ short term 

fading severity parameter µ. 

In Fig. 2, the average LCR is plotted versus 

output signal to interference ratio z.  
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Fig. 2. Level crossing rate of macrodiversity system 

versus output signal to interference ratio z 

 

The average LCR increases for small values of 

SC combiner output signal to interference ratio z, 

achieves the maximum, than declines. The influence 

of SC combiner output signal to interference ratio 

on average LCR is bigger for higher values of 

Weibull multipath fading severity parameters. 

Average LCR has lower values for bigger values of 

Weibull multipath fading severity parameter α and 

then system performance is better. 

Average LCR versus output SIR z is shown in 

Fig. 3 for variable average power of desired signal. 

The other parameters are: µ=c=β=2, β1=κ=α=1. One 

can notice from this figure that when average power 

Ω0 increases, LCR increases too. This increase is 

more pronounced for higher values of z. 

Also, average LCR of macrodiversity SC 

receiver output signal versus the SC receiver output 

signal to interference ratio z is presented in Fig. 4. 

 

 
Fig. 3. LCR of macrodiversity system versus output 

SIR 

 

 

 

 
Fig. 4. LCR of macrodiversity system versus SIR z 

 

Here, average power of Gamma fading is 

variable and other parameters are constant. LCR has 

lower values for greater values of average power of 

Gamma variable β and SC combiner output signal to 

interference ratio z. 

System performances are better for lower values 

of the average LCR. These figures for the level 

crossing rate versus signal envelope are drown to 

show the impact of fading parameters to the LCR 

and for choosing optimal parameters. 

 

 

5 Conclusion  
In this paper, macrodiversity system with 

macrodiversity SC receiver and two microdiversity 

SC receivers in the presence of small scale fading 

and large scale fading is observed. Desired signal is 

hindered by Weibull multipath fading and correlated 

Gamma large scale fading, and interference is under 

the affect of α-κ-µ small scale fading and Gamma 

large scale fading. Macrodiversity system mitigates 

all of them, small and large scale fading effects, and 

co-channel interference effects on the level crossing 

rate. 

Macrodiversity SC receiver works so that 

chooses microdiversity with higher signal to 

interference ratio. Microdiversity receivers combine 

SIRs from multiple antennas from base stations and 

select the branch with higher SIR, and reduces small 

term fading and co-channel interference. 

In the article, PDF and CDF of the ratio of 

Weibull and α-κ-µ random variables are derived. 

Then, the expressions for cumulative distribution 

functions of SIR at outputs of microdiversity SC 

receivers and macrodiversity SC receiver output SIR 

are given, and finally, the LCR of macrodiversity 

system in the presence of Weibull small scale 

fading, Gamma large scale fading and α-κ-µ co-
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channel interference is performed. The influence of 

Weibull small scale fading nonlinearity parameter, 

Gamma large scale fading severity parameter, α-κ-µ 

small scale fading Rician factor, α-κ-µ small scale 

fading nonlinearity parameter and α-κ-µ small scale 

fading severity parameter on LCR is analyzed.     
LCR decreases when Gamma long term fading 

severity parameter increases, Weibull short term 

fading severity parameter and α-κ-µ short term 

fading severity parameters increase and average 

power decreases.      

 

Acknowledgment 

The paper is made in the frame of projects III-44006 

and TR-33035 of the Serbian Ministry of Education, 

Science and Technological Development. 

 

References: 

 

[1] S. Panic, M. Stefanovic, J. Anastasov, P. 

Spalevic, Fading and Interference Mitigation 

in Wireless Communications. CRC Press, USA, 

2013. 

[2] M. K. Simon, M. S. Alouini, Digital 

Communication over Fading Channels, USA: 

John Wiley & Sons. 2000. 

[3] W.C.Y. Lee, Mobile communications 

engineering, Mc-Graw-Hill, NewYork, USA, 

2003.  

[4] G. Fraidenraich, M. D. Yacoub, “The α-η-μ and 

α-κ-μ Fading distributions”, in Proc. of the 

2006 IEEE Ninth International Symposium on 

Spread Spectrum Techniques and Applications 

(ISSSTA), Aug. 2006, pp. 16-20. 

[5] W. Weibull, ”A statistical distribution function 

of wide applicability”,  J. Appl. Mech.-Trans. 

ASME, 1951, 18 (3): 293–297. 

[6] P. C. Sofotasios,  S.  Freear,  “The α-κ-μ/ 

gamma distribution: A generalized non-linear 

multipath/shadowing fading model”, 2011 

IEEE Annual India Conference (INDICON), 

16-18 Dec. 2011, Hyderabad, ISBN: 978-1-

4577-1110-7, 

DOI:10.1109/INDCON.2011.6139442, pp. 1-6. 

[7] P. C. Sofotasios, S. Freear, “The α-κ-μ Extreme 

distribution: Characterizing non- linear severe 

fading conditions”, Proc. of Australasian 

Telecommunication Networks and Applications 

Conference (ATNAC), 2011, Melbourne, 

Australia, Nov. 2011, pp. 1-4. 

[8] S. Panic, P. Spalevic, A.   Markovic, M. 

Stefanovic, “Performance analysis of wireless 

communication system in α-k-μ environment 

subjected to shadowing”, International 

Conference «Mathematical and Informational 

Technologies, MIT-2013», (X Conference 

«Computational and Informational 

Technologies for Science, Engineering and 

Education»), Vrnjacka Banja, Serbia, 

September, 5-8, 2013, Budva, Montenegro, 

September, 9-14, 2013. 

[9] A. K. Papazafeiropoulos, S. A.  Kotsopoulos, 

“Second-Order Statistics for the Envelope of α-

κ-μ Fading Channels”, IEEE Communications 

Letters, Vol. 14, Issue: 4, April 2010, pp.  291-

293. 

[10] D. Aleksić, D. Krstić, Z. Popović, M. 

Stefanović, “Level Crossing Rate of 

Macrodiversity SC Receiver Output Process in 

the Presence of Weibull Short Term Fading, 

Gamma Long Term Fading and Weibull 

Cochanell Interference”, WSEAS Transactions 

on Communications, ISSN / E-ISSN: 1109-

2742 / 2224-2864, Volume 15, 2016, Art. #31, 

pp. 285-291.  

[11] D. Krstic, S. Minić, S. Milosavljević, B. 

Milosavljević, M. Stefanović, “Macrodiversity 

Outage Performance in the Presence of Weibull 

Short Term Fading, Gamma Long Term Fading 

and α-κ-µ Co-channel Interference”, 

International Journal of Communications, Vol. 

11, 2017, pp. 14-21. 

[12] M. D. Yacoub, “The κ-μ distribution and the η-

μ distribution”, IEEE Antennas and 

Propagation Magazine, Volume: 49 Issue: 1, 11 

June 2007, pp: 68 – 81, 

DOI: 10.1109/MAP.2007.370983 

[13] U. S. Dias, M. D. Yacoub, “The κ-μ phase-

envelope joint distribution“, IEEE Transactions 

on Communications, 2010, Vol. 58, Issue: 1, 

pp. 40 – 45, 

DOI: 10.1109/TCOMM.2010.01.080175 

[14] M. Abramowitz, I. A. Stegun, Handbook of 

Mathematical Functions with Formulas, 

Graphs, and Mathematical Tables, Applied 

Mathematics Series, eds. (1983) [June 1964]. 

“Chapter 6.5”,  55 (Ninth reprint with 

additional corrections of tenth original printing 

with corrections (December 1972); first ed.). 

Washington D.C.; New York: United States 

Department of Commerce, National Bureau of 

Standards; Dover Publications, ISBN 978-0-

486-61272-0. LCCN 64- 60036, MR 0167642, 

LCCN 65-12253, "Incomplete Gamma 

function", §6.5. 

[15] I. S. Gradshteyn, I. M. Ryzhik, Table of 

Integrals, Series and Products. Academic 

Press, USA San Diego, 2000. 

[16] A. P. Prudnikov, Y. A. Brychkov, O. I. 

Marichev, Integrals and Series, Volume 3: 

Dragana Krstić et al.
International Journal of Communications 

http://www.iaras.org/iaras/journals/ijoc

ISSN: 2367-8887 49 Volume 2, 2017

https://en.wikipedia.org/wiki/Waloddi_Weibull
https://en.wikipedia.org/wiki/Waloddi_Weibull
https://en.wikipedia.org/wiki/Waloddi_Weibull
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sofotasios,%20P.C..QT.&searchWithin=p_Author_Ids:37595105900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Freear,%20S..QT.&searchWithin=p_Author_Ids:37400592200&newsearch=true
http://dx.doi.org/10.1109/INDCON.2011.6139442
http://conf.nsc.ru/MIT-2013/en/participationview/147250;jsessionid=3AE7DC0AB778452F62ECF813218F60C8
http://conf.nsc.ru/MIT-2013/en/participationview/147096;jsessionid=3AE7DC0AB778452F62ECF813218F60C8
http://conf.nsc.ru/MIT-2013/en/participationview/147251;jsessionid=3AE7DC0AB778452F62ECF813218F60C8
http://conf.nsc.ru/MIT-2013/en/participationview/147252;jsessionid=3AE7DC0AB778452F62ECF813218F60C8
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=74
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=74
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=74
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4227917
https://doi.org/10.1109/MAP.2007.370983
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ugo%20Silva%20Dias.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Michel%20Daoud%20Yacoub.QT.&newsearch=true
http://ieeexplore.ieee.org/document/5397893/
http://ieeexplore.ieee.org/document/5397893/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=26
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=26
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=26
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5397885
https://doi.org/10.1109/TCOMM.2010.01.080175
https://en.wikipedia.org/wiki/Abramowitz_and_Stegun
https://en.wikipedia.org/wiki/Abramowitz_and_Stegun
https://en.wikipedia.org/wiki/Abramowitz_and_Stegun
https://en.wikipedia.org/wiki/Abramowitz_and_Stegun
https://en.wikipedia.org/wiki/United_States_Department_of_Commerce
https://en.wikipedia.org/wiki/United_States_Department_of_Commerce
https://en.wikipedia.org/wiki/United_States_Department_of_Commerce
https://en.wikipedia.org/wiki/National_Bureau_of_Standards
https://en.wikipedia.org/wiki/National_Bureau_of_Standards
https://en.wikipedia.org/wiki/National_Bureau_of_Standards
https://en.wikipedia.org/wiki/Dover_Publications
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-486-61272-0
https://en.wikipedia.org/wiki/Special:BookSources/978-0-486-61272-0
https://en.wikipedia.org/wiki/Library_of_Congress_Control_Number
https://lccn.loc.gov/64-60036
https://en.wikipedia.org/wiki/Mathematical_Reviews
https://www.ams.org/mathscinet-getitem?mr=0167642
https://en.wikipedia.org/wiki/Library_of_Congress_Control_Number
https://lccn.loc.gov/65012253
http://www.math.sfu.ca/~cbm/aands/page_260.htm
http://www.math.sfu.ca/~cbm/aands/page_260.htm


More Special Functions. 1st ed., Gordon and 

Breach Science Publishers, New York, 1986. 

[17] C. F. Gauss, “Disquisitiones generales circa 

seriem infinitam”, Societas Regia Scientiarum 

Gottingensis, Burndy Library 

[18] E. W. Barnes, “A New Development in the 

Theory of the Hypergeometric 

Functions”, Proc. London Math. Soc. 6, 141-

177, 1908. 

 

Dragana Krstić et al.
International Journal of Communications 

http://www.iaras.org/iaras/journals/ijoc

ISSN: 2367-8887 50 Volume 2, 2017

http://www.worldcat.org/search?q=au%3AGauss%2C+Carl+Friedrich%2C&qt=hot_author
http://www.worldcat.org/search?q=au%3ASocietas+Regia+Scientiarum+Gottingensis.&qt=hot_author
http://www.worldcat.org/search?q=au%3ASocietas+Regia+Scientiarum+Gottingensis.&qt=hot_author
http://www.worldcat.org/search?q=au%3ASocietas+Regia+Scientiarum+Gottingensis.&qt=hot_author
http://www.worldcat.org/search?q=au%3ABurndy+Library%2C&qt=hot_author



