
Solutions  
in  

Applied Electromagnetics 
 
�

 

EMA

t
t

s

∂
∂−=×∇

+
+∂∂=

×∇ H
E

J
E

E
H

µ

σ
ε



Computational Electromagnetics and Software 
�
(0$ LV�ZHOO�NQRZQ�IRU�LWV�FDSDELOLW\�LQ�FRPSXWDWLRQDO�HOHFWURPDJQHWLFV��6LQFH�RXU�EHJLQQLQJ��ZH�KDYH�GHYHORSHG�QXPHUL�
FDO�(0�DOJRULWKPV�DQG�FRGHV��DQG�DSSOLHG�WKHP�WR�UHDO�V\VWHPV��PLOLWDU\��FLYLOLDQ��DQG�FRPPHUFLDO��:H�KDYH�GHYHORSHG�
RXU�RZQ�WLPH�GRPDLQ�DQG�IUHTXHQF\�GRPDLQ�DOJRULWKPV�IRU�VROXWLRQV�RI�PDQ\�W\SHV�RI�SUREOHPV��0RVW�RI�WKHVH�XVXDOO\�
LQYROYH�HOHFWURPDJQHWLF�HIIHFWV�RQ�V\VWHPV�VXFK�DV�DLUFUDIW��DQWHQQDV��JURXQG�YHKLFOHV��HOHFWURQLF�V\VWHPV��DQG�FDEOHV��
$OWKRXJK�EMA XVHV�PDQ\�QXPHULFDO�PHWKRGV��WKH�7KUHH�'LPHQVLRQDO�)LQLWH�'LIIHUHQFH�0HWKRG��KDV�EHHQ�H[WHQVLYHO\�
GHYHORSHG�DQG�DSSOLHG�VLQFH�������$�SUDFWLFDO�UHVXOW�RI�WKHVH�DFWLYLWLHV�KDV�EHHQ�WKH�GHYHORSPHQW�RI�FRPPHUFLDO�YHUVLRQV�
RI�VRPH�RI�WKLV�VRIWZDUH��FDOOHG�EMA3D DQG�MHARNESS� ZKLFK�DUH�GHVFULEHG�HOVHZKHUH��(0$�DOVR�KDV�GRQH�FXVWRP�(0�
VRIWZDUH�GHYHORSPHQW�IRU�FXVWRPHUV��UDQJLQJ�IURP�VSHFLDOL]HG�DOJRULWKP�GHYHORSPHQW�WR�GHYHORSPHQW�RI�JUDSKLFDO�XVHU�
LQWHUIDFH�DFFHVV�WR�(0�WRROV��
�

Numerical Electromagnetic Simulation of Systems 
 
)URP�LWV�EHJLQQLQJ��(0$�KDV�DSSOLHG�LWVHOI�WR�XQGHUVWDQGLQJ�WKH�LQWHUDFWLRQ�RI�
HOHFWURPDJQHWLF�ILHOGV�ZLWK�D�ZLGH�YDULHW\�RI�V\VWHPV��(QYLURQPHQWV�RI�LQWHUHVW�
LQFOXGH�QXFOHDU�HOHFWURPDJQHWLF�SXOVH��1(03��ERWK�LRQL]LQJ�DQG�QRQ�LRQL]LQJ�
UDGLDWLRQ���OLJKWQLQJ��VWDWLF�HOHFWULFLW\��HOHFWURPDJQHWLF�LQWHUIHUHQFH��(0,���KLJK�
SRZHU�PLFURZDYH��+30���+LJK�,QWHQVLW\�5DGLDWHG�)LHOGV��+,5)���HOHFWURVWDWLF�
GLVFKDUJH��(6'���DQG�RUGLQDU\�VLJQDO�SURSDJDWLRQ��6\VWHPV�KDYH�LQFOXGHG�6SDFH�
6KXWWOH��PLOLWDU\�DQG�FLYLOLDQ�DLUFUDIW��YDULRXV�PLVVLOHV��H�J���0LQXWHPDQ��

3HDFHNHHSHU��7ULGHQW��
3HUVKLQJ��DQG�PDQ\�VPDOOHU�
V\VWHPV���VKLSV��WDQNV��DUPRUHG�
SHUVRQQHO�FDUULHUV��6WUDWHJLF�
&RPPDQG�DQG�&RQWURO��&

�

��IDFLOLWLHV��VDWHOOLWHV��DQG�PRELOH�&
�

�
HTXLSPHQW��6PDOOHU�V\VWHPV�LQFOXGH�HOHFWURQLF�ER[HV��SULQWHG�FLUFXLW�
ERDUGV��ZDYHJXLGHV��FDYLW\�ILOWHUV��FRQIRUPDO�DQWHQQDV��HOHFWURPDJQHWLF�
WHVW�IL[WXUHV��DQG�VWULS�OLQHV��7KH�VFRSH�RI�WKH�DFWLYLWLHV�LQFOXGH�
YXOQHUDELOLW\�DVVHVVPHQWV��UDGLDWHG�HPLVVLRQV��LQWUD�V\VWHP�(0&��S�
SDUDPHWHU�DQDO\VLV��DQG�DQWHQQD�SDWWHUQV���
�
,Q�FRQMXQFWLRQ�ZLWK�(0$¶V�FRPPHUFLDO�VRIWZDUH��
(0$�KDV�DQG�FDQ�DOVR�SURYLGH�QRW�RQO\�WKH�
VRIWZDUH��EXW�DOVR�D�QXPHULFDO�PRGHO�RI�WKH�
FXVWRPHU¶V�SURGXFW��VXFK�DV�DQ�DLUFUDIW��7KH�PRGHO�
FDQ�EH�GHULYHG�IURP�&$'�ILOHV��RU�IURP�SDSHU�
GUDZLQJV��7KH�FXVWRPHU�WKHUHIRUH�QRW�
RQO\�JHWV�WKH�VRIWZDUH��EXW�D�ZHOO�
GHYHORSHG�PRGHO�ZKLFK�KH�FDQ�WKHQ�
XVH�IRU�IXUWKHU�DQDO\VLV�DQG�
PRGLILFDWLRQ��

�

Specialized Measurements, Testing, and Instrumentation 
�
(0$�DOVR�SURYLGHV�VSHFLDOL]HG�PHDVXUHPHQWV��WHVWLQJ��WHVW�IL[WXUH�GHYHORSPHQW��WHVW�PHWKRG�

GHYHORSPHQW��LQVWUXPHQWDWLRQ�GHYHORSPHQW��DQG�IXQGDPHQWDO�
UHVHDUFK�H[SHULPHQWV��2XU�H[SHULPHQWV�XVXDOO\�KDYH�RQH�RI�WZR�
REMHFWLYHV��)LUVW��ZH�PD\�ZLVK�WR�SHUIRUP�HOHFWURPDJQHWLF�HIIHFWV�
HYDOXDWLRQ�RI�D�V\VWHP��VXFK�DV�DQ�DLUFUDIW��PLVVLOH��UDLOURDG�VLJQDO�
KRXVH��SULQWHG�FLUFXLW�ERDUG�RU�IDFLOLW\��6HFRQG��ZH�PD\�ZLVK�WR�
XQGHUVWDQG�EDVLF�SK\VLFDO�SURFHVVHV�LQ�RUGHU�WR�DVVHV�
HOHFWURPDJQHWLF�HIIHFWV�DQG�WR�GHYHORS�DFFXUDWH�PRGHOV��,Q�SXUVXLW�
RI�WKHVH�REMHFWLYHV��ZH�DOVR�GHYHORS�WKH�KDUGZDUH�WR�SURYLGH�(0�

VRXUFHV�DQG�HQYLURQPHQWV��DV�ZHOO�DV�DSSURSULDWH�
LQVWUXPHQWDWLRQ�FRQWURO�DQG�GDWD�DFTXLVLWLRQ�V\VWHPV���

Aircraft models can be derived from paper drawings 
or CAD files. 

EMA has modeled ships and ship compo-
nents, such as phased array antennas and 
this mast. 

S-parameters and power flow can 
be modeled for two-port networks, 
such as strip lines and the cavity 
filter shown above. 

Full scale lightning testing 
of space shuttle solid rocket 
booster engines. 

Electronic enclosures can be modeled and evaluated 
for radiated emissions, intra-system EMC, and 
susceptibility. 

Data loggers in railroad wayside 
locations collect lightning and 
induction environments. 



([DPSOHV�LQFOXGH�GHYHORSPHQW��ILHOGLQJ��DQG�XVH�RI�IXOO�VFDOH�OLJKWQLQJ�
WHVW�IDFLOLWLHV��(05��(OHFWURPDJQHWLF�5DGLDWLRQ��WHVW�IDFLOLWLHV��+LJK�
3RZHU�0LFURZDYH�6RXUFHV��LQFOXGLQJ�LQVWUXPHQWDWLRQ�IRU�FRQWURO�DQG�
GDWD�DFTXLVLWLRQ��:H�KDYH�GHYHORSHG�KHOLFRSWHU�ERUQH�V\VWHPV�IRU�
PHDVXUHPHQW�RI�ILHOGV�UDGLDWHG�E\�+)�WUDQVPLWWHUV�QHDU�DLUSRUWV��WHVW�
PHWKRGV�IRU�PHDVXUHPHQW�RI�WKH�WUDQVIHU�LPSHGDQFH�RI�VHDPV�LQ�HOHF�
WURQLF�VKHOWHUV��FDELQHWV��DQG�ER[HV��DQG�GDWD�ORJJHUV�IRU�PHDVXUHPHQW�
RI�OLJKWQLQJ�DQG�SRZHU�OLQH�LQGXFWLRQ�HQYLURQPHQWV�LQ�UDLOURDG�VLJQDO�
KRXVHV��:H�KDYH�DOVR�PHDVXUHG�WKH�HIIHFWV�RI�VWDWLF�HOHFWULF�ILHOGV�RQ�
VROLG�URFNHW�SURSHOODQWV��DQG�KDYH�PHDVXUHG�WKH�WUDQVSRUW�RI�HOHFWULFDO�
FKDUJHV�LQ�WKH�SOXPHV�RI�VROLG�URFNHW�HQJLQHV�H[SRVHG�WR�VWDWLF�HOHFWULF�
ILHOGV��VXFK�DV�WKH�HDUWK¶V�IDLU�ZHDWKHU�ILHOG��
 

Electromagnetic Effects on Railroad Signal and 
Communication Systems 
 
(0$ KDV�HVWDEOLVKHG�LWVHOI�DV�D�OHDGHU�LQ�UDLOURDG�HOHFWURPDJQHWLF�HIIHFWV��7KHVH�HIIHFWV�
LQFOXGH�ERWK�OLJKWQLQJ�SURWHFWLRQ�DQG�SRZHU�OLQH�LQGXFWLRQ��(0$�LV�ZHOO�IDPLOLDU�ZLWK�
OLJKWQLQJ�SURWHFWLRQ�LVVXHV�IRU�ZD\VLGH��GLVSDWFK�FHQWHU��DQG�KXPS�\DUG�DSSOLFDWLRQV��5DLO�
URDG�&	6�V\VWHPV�KDYH�EHFRPH�PRUH�VXVFHSWLEOH�LQ�UHFHQW�\HDUV�EHFDXVH�RI�WKH�PLJUDWLRQ�
RI�WHFKQRORJ\�IURP�HOHFWURPHFKDQLFDO�V\VWHPV�WR�WKRVH�ZKLFK�DUH�PLFURSURFHVVRU�EDVHG��
(0$�KDV�IRXQG�WKDW�WKH�OLJKWQLQJ�LVVXHV��SDUWLFXODUO\�IRU�ZD\VLGH�DQG�KXPS�\DUG�V\VWHPV��
UHYROYH�DURXQG�ZLULQJ�SUDFWLFHV�DQG�HTXLSPHQW�LQVWDOODWLRQ�SUDFWLFHV��ZKLFK�DUH�LQHIIHFWLYH�
IRU�PRGHUQ�&	6�V\VWHPV��

�
$V�D�UHVXOW��(0$��WRJHWKHU�ZLWK�VRPH�RI�WKH�ODUJHVW�UDLOURDGV�LQ�
WKH�86$��KDYH�GHYHORSHG�QHZ�ZLULQJ�DQG�HTXLSPHQW�LQVWDOOD�
WLRQ�SUDFWLFHV�SURYLGLQJ�YDVWO\�LPSURYHG�OLJKWQLQJ�SURWHFWLRQ�DQG�WKH�UHVXOWLQJ�LQFUHDVH�LQ�V\V�
WHP�UHOLDELOLW\��7KLV�LQFOXGHV�D�QHZ�)DUDGD\�FDJH�GHVLJQ��LPSURYHG�DUUHVWHU�LQVWDOODWLRQ�SUDF�
WLFHV��DQG�D�QHZ�ORZ�YROWDJH�DUUHVWHU�ZKLFK�UHGXFHV�WKH�OHW�WKURXJK�YROWDJH�RQ�VLJQDO�HOHFWURQLFV�
E\�PRUH�WKDQ�D�IDFWRU�RI����RYHU�FRPPRQO\�XVHG�GHYLFHV��5HWURILW�NLWV�KDYH�DOVR�EHHQ�GHYHO�
RSHG�IRU�LPSURYLQJ�OHJDF\�LQVWDOODWLRQV��DQG�HQJLQHHULQJ�SUDFWLFH�PDQXDOV�DQG�UHJXODWLRQV�KDYH�
EHHQ�UHZULWWHQ���
�
(0$�KDV�DOVR�PXFK�H[SHULHQFH�ZLWK�OLJKWQLQJ�SURWHFWLRQ�RI�KXPS�\DUG�SURFHVV�FRQWURO�V\VWHPV�
�3&6���(0$�SHUVRQQHO�KDYH�VXUYH\HG�PDQ\�KXPS�\DUGV�LQ�WKH�86$�DQG�&DQDGD��DQG�KDYH�SUR�
YLGHG�GHWDLOHG�UHFRPPHQGDWLRQV�IRU�LPSURYHPHQW��7KHVH�LPSURYHPHQWV�LQFOXGH�WKH�)DUDGD\�
FDJH�DQG�ZLULQJ�DQG�LQVWDOODWLRQ�SUDFWLFHV�GHVFULEHG�DERYH��SOXV�WKH�XVH�RI�ILEHU�RSWLF�LVRODWLRQ��
DQG�WKH�SURWHFWLRQ�FRPPXQLFDWLRQ�DQG�VLJQDO�V\VWHP�LQWHUIDFHV��7KHVH�UHFRPPHQGDWLRQV�DUH�
FXUUHQWO\�EHLQJ�ZLGHO\�LPSOHPHQWHG�LQ�VRPH�RI�WKH�PDMRU�UDLOURDGV��
�
(0$�KDV�DOVR�SURYLGHG�VLJQLILFDQW�H[SHUWLVH�LQ�SRZHU�OLQH�LQGXFWLRQ�HIIHFWV�IRU�VKDUHG�FRUUL�
GRUV��LQFOXGLQJ�ERWK�SRZHU�OLQH�WUDQVLHQW�IDXOW�LVVXHV�DV�ZHOO�DV�VR�FDOOHG�VWHDG\�VWDWH�LQGXFWLRQ��
EMA�KDV�SHUIRUPHG�VLJQLILFDQW�DQDO\VLV�DQG�PHDVXUHPHQWV�LQ�WKHVH�DUHDV��LQFOXGLQJ�LQQRYDWLYH�
ZD\V�WR�PHDVXUH�$&�FXUUHQWV�LQ�WUDQVPLVVLRQ�WRZHUV��(0$�KDV�
ZRUNHG�WRJHWKHU�ZLWK�UDLOURDGV�DQG�SRZHU�FRPSDQLHV��FRQGXFWLQJ�
FRRUGLQDWHG�PHDVXUHPHQWV�WR�GHILQH�WKH�LQGXFWLRQ�OHYHOV�DQG�VFH�
QDULRV��(0$�KDV�DOVR�EHHQ�LQYROYHG�LQ�LQGXFWLRQ�PLWLJDWLRQ�GH�
VLJQ�DQG�YHULILFDWLRQ�WHVWLQJ��
�
(0$ KDV�DOVR�GHYHORSHG�D�FRXUVH�RQ�UDLOURDG�HOHFWURPDJQHWLF�HI�
IHFWV��ZKLFK�FDQ�EH�JLYHQ�DW�D�FXVWRPHU�VLWH��

Measuring AC 
leakage currents in 
transmission line 
towers. 

Measurements of the charging 
of solid rocket engines 
exposed to static electric fields 
gives insight into charge 
transport in rocket plumes and 
lightning hazards to launch 
vehicles. 

A new arrester significantly 
reduces the exposure of signal 
electronics to lightning. 

A Faraday cage system 
has been designed to 
vastly improve lightning 
protection of railroad 
signal systems. 

Lightning protection of 
hump yards is an 
important part of EMA’s  
expertise. 

EMA has evaluated the 
effectiveness of impedance 
bonds for induction mitigation. Induction effects on 

shared corridors can 
greatly affect signal 
systems. 



Electro Magnetic Applications, Inc. ZDV�LQFRUSRUDWHG�LQ�1HZ�0H[LFR�LQ�������7KH�3UHVLGHQW�LV�'U��5RGQH\�$��

3HUDOD�� D� UHFRJQL]HG� DXWKRULW\� LQ� HOHFWURPDJQHWLF� HIIHFWV� �(0(��� &RUSRUDWH� KHDG� TXDUWHUV� DUH� ORFDWHG� LQ�

'HQYHU��&RORUDGR��

�

,Q�WKH�HDUO\�\HDUV��(0$�IRFXVHG�RQ�WKH�HOHFWURPDJQHWLF�HIIHFWV�RI�QXFOHDU�ZHDSRQV��1(03��DQG�OLJKWQLQJ�RQ�D�

ZLGH� YDULHW\� RI� PLOLWDU\� DQG� FLYLOLDQ� V\VWHPV�� (0$� ZDV� LQYROYHG� LQ� WKH� DQDO\VLV�� WHVWLQJ�� DQG� KDUGHQLQJ� RI�

V\VWHPV� VXFK� DV� WKH� 6SDFH� 6KXWWOH�� PLOLWDU\� DQG� FLYLOLDQ� DLUFUDIW�� YDULRXV� PLVVLOHV� �H�J��� 0LQXWHPDQ��

3HDFHNHHSHU��7ULGHQW��3HUVKLQJ��DQG�PDQ\�VPDOOHU�V\VWHPV���VKLSV��WDQNV��DUPRUHG�SHUVRQQHO�FDUULHUV��6WUDWHJLF�

&RPPDQG�DQG�&RQWURO��&
�

��IDFLOLWLHV��VDWHOOLWHV��DQG�PRELOH�&
�

�HTXLSPHQW��(0$�DOVR�SHUIRUPHG�D�FULWLFDO�UROH�

LQ� WKH� XQGHUVWDQGLQJ� DQG� SUHYHQWLRQ� RI� LJQLWLRQ� RI� VROLG� URFNHW� SURSHOODQWV� WR� VWDWLF� HOHFWULF� ILHOGV�� ,Q� DOO� RI�

WKHVH�DFWLYLWLHV��(0$�ZDV�ZLGHO\�LQYROYHG�ERWK�LQ�WKH�86$�DQG�LQ�:HVWHUQ�(XURSH��'XULQJ�WKHVH�\HDUV��(0$�

SHUVRQQHO�ZHUH� DOVR� LQYROYHG� LQ� VHYHUDO� LQWHUQDWLRQDO� UHODWHG� FRPPLWWHHV�� VXFK�DV� WKH�6$(�$(�/� /LJKWQLQJ�

&RPPLWWHH�� WKH� 6$(� $(�5� +LJK� ,QWHQVLW\� 5DGLDWHG� )LHOGV� �+,5)�� &RPPLWWHH�� 6SDFH� 6KXWWOH� /LJKWLQJ�

&RPPLWWHH��DQG�RWKHUV���

�

6LQFH�WKH�HQG�RI�WKH�&ROG�:DU��(0$�KDV�FKDQJHG�LWV�IRFXV�WR�FRPPHUFLDO�DFWLYLWLHV��LQFOXGLQJ�FRPSXWDWLRQDO�

HOHFWURPDJQHWLFV��VSHFLDOL]HG�WHVWLQJ��HOHFWURPDJQHWLF�VLPXODWLRQ�RI�V\VWHPV��UDLOURDG�HOHFWURPDJQHWLF�HIIHFWV��

DQG�FRPPHUFLDO�HOHFWURPDJQHWLF�VLPXODWLRQ�VRIWZDUH��

��

(0$¶V�FXVWRPHUV� LQFOXGH�DLUFUDIW�GHYHORSHUV�� DHURVSDFH�FRUSRUDWLRQV��PDMRU� UDLOURDGV��GHIHQVH�FRUSRUDWLRQV��

HOHFWURQLFV� FRUSRUDWLRQV�� SRZHU� FRPSDQLHV�� DXWRPRWLYH� LQGXVWULHV�� WHVWLQJ� ODERUDWRULHV�� DLUFUDIW� FHUWLILFDWLRQ�

DJHQFLHV�� PLOLWDU\� ODERUDWRULHV� DQG� DJHQFLHV�� FHOOXODU� SKRQH� PDQXIDFWXUHUV�� 1$6$�� DQG� WKH� )$$�� (0$¶V�

FXVWRPHU�EDVH�LQFOXGHV�1RUWK�$PHULFD��:HVWHUQ�(XURSH��DQG�WKH�3DFLILF�5LP��

�

(0$� LV�GHGLFDWHG� WR�SURYLGLQJ�FRPSHWHQW� DSSOLHG� HOHFWURPDJQHWLF� UHVHDUFK� DQG�GHYHORSPHQW�E\� FRPELQLQJ�

WKHRUHWLFDO� XQGHUVWDQGLQJ�� LQQRYDWLYH� WKLQNLQJ�� DQG� FRPPRQ� VHQVH�� 2XU� VWDII�� DOO� KDYLQJ� DGYDQFHG� GHJUHHV��

LQFOXGHV�WKHRUHWLFLDQV��H[SHULPHQWDOLVWV��DQG�WKRVH�SUDFWLFDOO\�RULHQWHG��(0$�KDV�D�ZRUOGZLGH�UHSXWDWLRQ�LQ�WKH�

DSSOLFDWLRQ�RI�WKH�XQGHUVWDQGLQJ�RI�HOHFWURPDJQHWLFV�WR�SUDFWLFDO�SUREOHPV�RI�UHDO�LQWHUHVW��,Q�RXU�DFWLYLWLHV��ZH�

WU\�WR�RSWLPL]H�WKH�PL[�RI�WKHRU\��DQDO\VLV�DQG�H[SHULPHQW�ZKHQHYHU�SRVVLEOH��

Electro Magnetic Applications, Inc. 
P.O. Box 260263 
Denver, CO USA 80226 
7655 W. Mississippi Ave., Suite 300 
Lakewood, CO  USA 80226 
phone: 303-980-0070, fax: 303-980-0836 
http://www.electromagneticapplications.com 

EMA

∆∇EMA


