
 

On the origin of hard X-rays in the growth of meter long sparks

Citation for published version (APA):
Kochkin, P., Deursen, van, A. P. J., & Ebert, U. (2013). On the origin of hard X-rays in the growth of meter long
sparks. In 10th Frontiers in Low Temperature Plasma Diagnostics(FLTPD), 28 April-02 May 2013, Kerkrade, the
Netherlands (pp. 30-30). Eindhoven University of Technology.

Document status and date:
Published: 01/01/2013

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 26. May. 2023

https://research.tue.nl/en/publications/972a6862-2fd6-4555-83eb-bd0b4576c7b6


On the origin of hard X-rays in the growth of meter long sparks. 
 

1
P. Kochkin, 

1
A.P.J.  van Deursen and 

2
U. Ebert 

1
University of Technology, Dept. Electrical Engineering, POB 513, 5600 MB 

Eindhoven, The Netherlands. 
2
Centre  for  Mathematics  and  Computer  Science  (CWI),  POBox  94079, 

1090 GB  Amsterdam,  The Netherlands 

 
Meter-long  laboratory  sparks  generate  high-energetic  radiation  in  a  similar  way  as 

lightning: Bremsstrahlung generated in collisions between high-energy electrons and air 

molecules.  This  study  aims  to  localize  and  characterize  the  X-ray  source  and  to 

visualize the relevant processes. 

A Marx generator delivers a standardized  lightning impulse voltage pulse of 1.2/50 µs 

rise/fall time of positive or negative polarity.  The generator was loaded  by a spark gap 

formed   by two conical  electrodes  at about  1 m distance;  one of the electrodes  was 

grounded.  Applied  voltages  were  1  MV,  which  lead  to  breakdown  of  the  gap.  The 

voltage was measured  by a high-voltage  divider. Both electrodes  were equipped  with 

current   probes   to  determine   the  electrical   characteristics   of  the  discharge.   Two 

La(Ce)Br
3   

scintillation  detectors  measured  the X-rays;  different  distances  and angles 

gave  information  on  the  spatial  distribution  around  the  spark  gap.  Lead  collimators 

limited the field of view. Lead attenuators of different thicknesses helped to determine 

the energy distribution. An intensified CCD camera allows us to capture images of pre- 

breakdown  phenomena  with  ten-ns  resolution.  All  diagnostics  was  synchronized  to 

better than 1 ns. Many hundreds of discharges allowed statistical analysis. 

The X-ray emission  area is concentrated  in the vicinity  of the cathode.  The variation 

with detector position shows a 1/r
2  

dependence of the detection rate, characteristic of a 
point-like  source  of  constant  luminosity.  The  reduction  with  attenuators  of  variable 

thickness agrees with a characteristic  X-ray energy of 200 keV. The X-rays never occur 

before there is any cathode current. 

The nanosecond-fast  photography allowed us to follow all pre-breakdown  stages of the 

discharge,   from   the  formation   of  a  first  inception   cloud,   to  the  formation   and 

propagation of streamers crossing the gap. At a later stage, some cold streamer channels 

developed  into hot leaders  which  then  lead  to breakdown.  For the X-ray  production 

negative  streamers  were  a  necessary  and  sufficient  condition,  for  positive  and  for 

negative generator voltage. 

 


