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Schumann Resonance

Santa Cruz, California

19−21 UT, 13 July 1998
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�&{dy�v4{A�V�9yI>l{L;«�S{AK!F � w&��<I�]v <?�GH�K'9 { }�vhyM{L�G�9y?>�{ ;«���:{�y[v v[zGH�<!{�wG9 v ��>�y
{/�G>�yIH�
B> K < {A9J9 }
v¢<[y {Y<IH�©]v]F HJ>LKG>*v¢�V�9vhy!v/�DH�<I��KG>P9 {Y<[vxy!{L92y {|y?H {A<IHJ>LK�7�s�{L9J;hzG9 {Y<IHJ>LK�}�v=<?�G>2FGv���>�y�9 {Y<!vhy {A9J9 }
y {|y!}�H�KGz�HJ>LKG>*v¢�G�]vhy!v3v&{|y!v�{A9{v¢>�vPz]yIy�vh}�v]Fe7

° KG>LK�¯�H�<!vhy {Y<?H�y�vM{A�V�9yI> �2HJ}^{Y<[vm}+vB<I�G>2Fh��>�yD;h{L9J;hzG9 {Y<IHJKGz vBHJz�vBK�y {A9 z9v]v�>L� <I�]vN8t��u
}�>2FHv3vx�Hw]{Lv[v3F�>LKS{U<���>Y¯*9 { }�vxytHJ>LKV> vI�G�9vhy?H{;m}�>2FHvB9 �GH{v¤�9y!v3v[vBK*<[v]F(wJ}�|
y!vBH�©VKGz�vhy@{AK!F
|
y!vBH�©VKGz�vxy � �A~6� {LKVFSvB9 {|w$>�y {Y<!v3F\HJK � � p � 7O�¤�9v��G�J}2v¢H{;h{L9%vIH�z KGH�©$;h{AK!;�v >L��{(y!v=r:v3;ª<?H�KVz
9 { }�vhy���>�y�8���u ��{dy�v3v��DH�<?�GHJK�<?�9vOHJ>LKG>*v¢�G�]vhy!v�H{v�F2H{vI;hzVv?vPv]FhHJK�<I�9v]vPvP�]{L�:vxy?v37
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�¤�9v¤� zG9J9�¯2�&{dy�v@{A�G�]yI>l{L;«��H�K�yL> 9�y�v3v%<I�]v�KJzG}�vhy?HJ;x{A9GHJK*<[vBz�y!{A<IHJ>LK�>A�$��>�z9y�;=>�zG�G9 v3FU©]y«v¥<¢¯
>�y«FHvxy�;=>L}��G9 v4�PF2H��fvxy[v3K <?H {L9|v��lz]{A<IHJ>LKVve;B>LK*<!{LH�KVH�KGz
{LK`vBHJz�vBK�y {A9 z9v��]{�y!{L}+vB<[vxy,��|
y!vBH�©VK2�
z�vxy�{AKVF |
y[v3H�©!KGz�vxyq� � p � �=7/�¤�9v�;h{A9{;�zV9 {A<[v3F*�lz]{AK*<?H�<k}\}^{ }�wfv.� {2��<?�9v/;=> }��!> K9vBK*<?v
>A� <I�9v`vB9 v3;=<[y?>L}^{Az K9v=<?HJ;�©]vB9{F ��� w&��y!{A<IHJ> vt>A�%©]vB9{Fh;B>L}��!> K9vBK*< ���D�GHJ;«��}^{ }^y[v3�9y[v]vPv3K*<
HJ}��fv3F]{AKV;hv3vx�M{AK!F ��;���y!v=r]v];ª<?H�> K[;=>Jv=u/;BH v3K <«vB7 �¤�9vc� zG9J9 ¯ ��{dy�vEHJK <!vBz�y!{A<IHJ>LK v¢<!{|yI<?v
� y?>L} <I�]vh<?>L��>L�m<?�9v�HJ>LKV> vI�G�9vhy!v����D�]vhy!v��9y?>L�:{Az�{A<IHJ>LK�H{v�{Lv?vPzG}�v]F�<I> wfv zG� �&{|y«F
>LKV9 } 7)°�K HJKGH�<IH {A9my {L9 z9vc>A�O�9y?>L�]{Lz�{A<IHJ>LK �]{|y {A}�v=<!vhy«v�H{v({Lv?v[zG}�v3F {Y<�<I�GH{v/�]vBHJzL�*<37
 ¡K*<[v3z�y {Y<IHJ>LK�HJv¤�fvhyI��>�y?}�v3F F2>��DK �&{|y«F�{A9J>LKGz^{�y�vxy¢<?HJ;x{A9��]{A<I���]{LKVF,w!>�zGKVF9{�y[}�;=>LK!F2H��
<IHJ>LK!v�{|y!v�;«�9v];���v]F�{Y<P<I�]v/vPz9yI� {L;hvU>L��<?�9v�vx{|yI<I� 7  ¡KV;B>LKVvIHJv¢<[v3KV;=H v3vP>L�:<I�]v^w!>�zGKVF9{�y[}
;=> KVF2H�<IHJ>LKVv@{A<¤<I�9vbv[z9yI� {L;�vP>L�%<?�9v�vx{�y¢<?��9 vx{ F/<?>�;B>�y!y[v];ª<?H�> KVv�>A��<I�9vOHJKGH�<IH {A9ey {A9 z9v)��>L�
�9y?>L�]{Lz�{A<IHJ>LK �]{|y {A}�v=<!vhy«v�{Y<U<I�9v�<?>L��>L�¤<I�9v�H�> KG> vI�G�9vxy[v � ��{LKVF <?�9v)�D�G> 9 v/�]yI>2;�v]vIv
y!vB�fvx{Y<«v3�DH�<?�cK9v���HJKGH�<IH {A9:y {A9 z9v]vh� zGK*<?H�9�<?�9v�w!>�zGKVF9{�y[}E;B>LKVFGH�<?H�> KVv�{|y!v }^{Y<«;«�9v3F'<I>
vI>L}�vO;«�G> v[vBK,{L;B;hz9y {L;�} 7

° � zG9�9�¯2�&{dy�vP;h{L9J;hzG9 {Y<IHJ>LK�>A��<?�9vOHJ>LKG>*v¢�G�]vhy?HJ; y[vBr]v3;=<IHJ>LK�;B>Jv=u/;=H vBK*<?v¤H{v¤FHv3v?;�y?H w:v]F
wJ}�� {A�G�fvhyI<-{AK!F/C\>L9 vhyl� � p � 7:�¤�9vmHJ>LKG>*v¢�V�9vhy!v�H{v-{ vIv[zG}�v3F�<?> y {|y!}�v¢9J>��D9 }�{A9J>LKVzO<I�9v
9 {Y<[vxy!{L9��9yI> �]{Azl{Y<?H�> Kh�]{A<I���]{LKVFh<I�9vOx �nh {L�G�9y?> �2H�}^{Y<?H�> KhH{v&zVv[v3Fe7
u�H v39JF � �|����zVv[v3v@{U� zG9J9�¯2�&{dy�vm}�vB<I�G>2F�<I>�;h{L9J;hzG9 {Y<[v�<I�]vOH�> KG> vI�G�9vxyIH{;1�&{dy�v
{LF2}�H�<¢�

<!{LKV;�vm��>�y�KG>�y?}^{A9f{AKVF/FGHJv¢<[z9y!wfv3F/HJ>LKV> vI�G�9vhy?H{;�;=> KVF2H�<IHJ>LKVvx�H{AKVF/;x{A9{;�zG9 {Y<!v3v:<I�9v�©]vB9{FGv
�DH�<I�GHJK�<I�9v0�&{dy�v3z�zGH{FHvL7

°��2v[vBKG>Yy {AKVF��M{�
x{�yI>Yy { � ���-z!vPv({\� zG9�9�� ��{dy�v�}+vB<I�G>2F <?>';h{L9J;hzG9 {Y<[v�<?�9v�F9vB�fvBK2�
FHv3KV;�vb>L��H�> KG> vI�G�9vxyIH{;
y[vBr]v3;=<IHJ>LK�{AK!F�<[y {AKVvI}�HJv?v¢HJ>LK ;=>JvBu�;BH v3K*<?v�> K <I�9v {AKGz 9 vO>L��HJK2�
;=H{FHv3KV;�v���� y[v���z]vBKV;h}�{AKVFhz�vB> }^{AzLK]v=<IH{;D©:vB9{F/��>�y�HJ>LKV> vI�G�9vhy?H{;�}�>2FHvB9{v¤>A��<?�9vOF9{ }�{AK!F
KGHJzL�*<37

���



��� � � � 	 � �� �!�� ���"	 � ��� �����(� � �

�¤�9v�<I�GHJKU9 { }�vxy�{L�G�9y?>�{L;«�PH{v�v¢HJ}�H�9 {|y%H�KU�9yIHJKV;BH��G9 vt<I>�<?�9vt� zG9�9�¯2�&{dy�v-{A�G�9y?>�{ ;«��� w9z2<�<I�9v
HJ>LKG>*v¢�G�]vhy!v H{vm< {���vBKE<?> wfv^{h;B>L9J9 v];ª<IHJ>LKc>A�:<?�GHJKc�G> }�>Lz�v3K9vB>�zVv�9 { }�vhy«vh�fy!{A<I�9vxyN<I�9v3K
{�;=> K <?H�KJz9zV}�7:�¤�]vO�9yI>2;hv3v?v¤HJv�v¢<!{�y¢<!v3F
�DH�<?�\v¢> }+vPHJKGH�<IH {A9�y {A9 z9v]vD>A��<I�9vO�:{|y {A}�v=<!vhy«v
{Y<N<I�]v�<I>L� w!>�zGKVF9{�y[}\>L��<?�9v�H�> KG> vI�G�9vxy[v���{AKVFE<I�9v3Kc<?�9v�w!>�zGKVF9{�y[}E;B>LKVFGH�<?H�> KVv`{|y!v
}^{Y<«;«�9v3F w:vB<��-vxvBK<{LFd@P{ ;�vBK*<�9 { }�vhy«vh��z >LHJKGzcFG>��DK2�&{|y«F$zGK*<?H�9
{c9�>���vhy+w$>�zGKVF]{|y!}�HJv
y!vx{L;«�]v3Fe7 �¤�9v�<?�GH�K�9 { }�vhyO}�v=<?�G>2F�HJv H�<!vhy {Y<?H�y�v�H�K {EvIHJ}�HJ9 {|y �&{ }E<?>\<I�9v/� zG9�9�� ��{dy�v
}�v=<?�G>2F )/<?�9v w$>�zVKVF9{|y!}�;=> KVF2H�<IHJ>LKVv+{Y<�<I�]v�9J>���vhydw$>�zVKVF9{|y!}${|y!v z!vPv]F�<I> ;=>�y[y!v3;=<
<I�]v�H�KGH�<IH {A9ty {A9 z9v3vx��{LKVFc<I�9vh;x{A9{;�zG9 {Y<?H�> Kc�]yI>2;�v]vIvbHJv�y!vB�fvx{A<[v]F zVK <?H�9t;=>LK�y�vhy?z�vBK!;�v�HJv
{L;«�VH v3y�v3F/<I>�{�FHv]v¢H y[v]F { ;B;hz9y!{ ;�} 7

|`{A9 v¥@¢vn� �����e�9y!v3v[vBK*<«v�{ <I�VH�K�9 { }�vhy�}�v=<I�V>�F����D�9vhy!vm<?�9vOvPz]y¢� { ;�vmHJ}��:v]F9{AK!;�vO;=> }U�
�9z2<!v3FZ{Y<d{ 9J>���vhy`w!>�zGKVF9{�y[}'HJv�z!vPv]F'<?>E;=>�y[y!v3;=<N<?�9v�HJKGH�<?H {L9�;=> KVF2H�<IHJ>LKVv37h�¤�9v�©:vB9{F
;=> }��!> K9vBK*<?v@{�y[vO;x{A9{;�zG9 {Y<!v3F���>�y@v {L;«��9 { }�vhy �9{AKVF�� y?>L} <?�9v3v[vP<I�9v'��{dy�v�HJ}��:v]F9{AKV;hv3v
{|y!v/FHvxyIHJy�v]Fe7\�¤�GHJv �9y?>�;hv3FHz]y[v�H{v4zVv[v3F <?>';h{L9J;hzG9 {Y<[v�<?�9v/� y!v��lz9v3KV;�} FHv3�:v3KVFHvBK*<�{Y<¢�
<[v3KJz]{Y<?H�> K y!{A<[vh��>�y�F9{ }${AKVF�KGH�z �*<�;=> KVF2H�<IHJ>LKVv+{AK!F�<I> v4�9{L}�HJK9vh<I�9v,v=� v3;=<�>L��<I�9v
{AKVHJvI>A<!yI> �l}�>L�%<?�9vOH�> KG> vI�G�9vxy[v 7

° v¢HJ}�H�9 {|y@{A�V�9yI>l{L;«��H{v¤�9y!v3v[vBK*<[v]F�wJ}/°�9�<I}^{AK {AK!F�st>�y!} � ~9�9��� ���D�9vhy!vm<?�9vPH�> KG>A�
vI�G�9vhy!v�HJv�<!y[v {Y<[v]F { v {N;B>L9J9 v];ª<?H�> K >A�eF2H{vI;hy[vB<[v�9 { }�vhy«v�{LKVF+{AK�H�<!vhy {Y<IHJy�v��9y?>2;�v3v?v�HJv z!vPv]F
<I>�;h{A9{;�zV9 {A<[v 8t��u �9yI> �]{Azl{Y<?H�> K��:{|y {A}�v=<!vhy«vh�9v {L;«�\H�<[vxy!{A<IHJ>LK\v¥< {|yI<IHJKGz�� y?>L}�<I�9v <I> �
>A��<I�]vOH�> KG> vI�G�9vxy[v 7��¤�GH{vD}�v=<I�V>�F H{vD�9y!v3v[vBK*<!v3F,{Lv
{�FHvxyIHJy {Y<?H�> Kh� y?>L} <I�9vO<?�GHJK�¯ ©V9J}
}�v=<?�G>2F z!vPv]FhHJK >L�2<?HJ;3vB7

°�KG>L<I�9vxy�<I�GHJKn9 { }�vhy�}�v=<I�V>�F H{v��9y!v3v[vBK*<[v]F wJ}�� {Lz�{LKG> vB<({A9 7[� p �6� �/�D�9vhy!v�<I�9v
;h{L9J;hzG9 {Y<[v]F �lz]{AK*<?H�<?H v]v�{�y[v�<I�9v¤;=> }��!> K9vBK*<?v�>L�2<I�9v�©]v39JFe7�� {Lz�{LKG>
v=< {A9 7`� p ���G;=> }��:{|y!v
<I�]v)�DHJF2<I��>L��<?�9v/9 { }�vxy?v`y!v��lzGH y[v]Fc��>�yO<?�9vBH y }�v=<?�G>2F <I>E<I�9vhv¢<[v3��v¢H�
hv(y[v���zVH y!v3F HJK
y {|y?H�>�zVvh� zG9�9�¯2�&{dy�vc}�v=<I�V>�FVv,{LKVF v¢�G>�� <?�]{Y< <?�9vBH y�<I�GHJK 9 { }�vxy�}�vB<I�G>2F �9yI>2FHz!;�v3v
;=> }��]{|y {|wG9 v y[v]vPzV9�<«v�<I> � zG9J9�¯2�&{dy�v }�v=<I�V>�FVvh� �DH�<I�g} zV;«� wGHJzLz�vxy/v¥<!vB� vIH 
xv3v37 �¤�9v
;=> }��G9 v��2H�<k} ��;=> }��9z2<[vxy/<?H�}�v��/>A�N<I�9v'<��t>�}�vB<I�G>2FGvhHJv {A9{v¢>�;B>L}��]{|y!v3F���{LKVFnH�<�HJv
vI�G>��DKh<?�]{Y<¤<?�9vP<I�GHJK\9 { }�vhy¤}�v=<?�G>2F�HJv¤}�>�y!v`v=u/;=H vBK*<]7
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��{A<[vxy!{L9Dy {�yIH {Y<?H�> KVv�HJK <?�9v�v {|yI<I��¯�H�> KG> vI�G�9vxy[v ��{dy�vBz�zGHJF9v�}^{ } wfv\<!y[v {Y<[v]F�wl}�<I�9v
x �nh {L�G�9y?>�{L;«��� �D�GH{;«�S{Lv?vPzV}+v]v¤v¢9J>��[y {|y?H {Y<IHJ>LK�H�K�<?�9v(��{dy�vBz�zVHJFHv 7 �m>��-v3y�vxyx�*<I�VHJv
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{A�V�9yI>l{L;«��H{v�>A�N9�H�<¢<?9 vSz!vPv HJK�<?�9vE8���utw]{AK!F ��wfv3;x{|zVv[v�<I�9v �&{dy�vB9 vBKVzA<I�!v HJK�yL>L9Jy�v]F
{|y!v y�vxy[}�9 {|y?z�v �DH�<I� <I�9vSy!v3v[zG9�<�<I�]{A</H�Kn}^{AKJ}�;x{Lv[v3v�<?�9v\H�> KG> vI�G�9vxyIH{;�>�y�z�y?>�zVKVF
y {|y?H {A<IHJ>LKVv&{�y[vPKG>L<DvI9J>�� �D�9v3K ;B>L}��]{�y[v]F�<I>�<?�9v0��{dy�vB9 vBKGzL<I��7

°�K/HJ}��!>�y¢< {AK*<-{L�G�9y?>�{L;«�U<I> 9 {A<[vhy {A9Vy {�yIH {Y<?H�> KVv�HJK�<I�9v+��{dy�vBz�zGHJF9v�H{v w:{Lv[v3F�>LK^{LK
HJK <!vBz�y!{L9�v���z:{Y<IHJ>LK�FHv]vI;hyIH wGHJKGzm<?�9v¤9 {A<[vxy!{L9*�]yI> �]{Azl{Y<IHJ>LK
� u�H v39JF�{LKVF�� >LHJK9vxy � � p � �=7��¤�9v
HJK <!vBz�y!{L9 v��lz]{Y<?H�> K�HJvUv¢> 9�y�v3FcKJzG}�vhy?HJ;x{A9J9 }cH�K�<!vhy?}�vO>A�¤<I�]vhv¢HJK9v/>L�¤<I�9v�v3H�z�vBK]{LKGzL9 vL7
�¤�GH{v-{L�G�9y?>�{ ;«��H{v-w]{Lv[v3F�> K�<I�9vPvIH�}��G9JH�©:v3F�{ vIv[zG}��2<IHJ>LK!v:<?�]{Y<�y�vhyI<IH{;h{L9Vy {|y?H {Y<IHJ>LK!v:HJK
<I�]vNHJ>LKV> vI�G�9vhy!v`{|y!vNFHv];=>�zG�G9 v3Fh� yI> } 9 {A<[vxy!{L9$y {�yIH {Y<?H�> KVv-{LKVFh<I�]{A<¤9 {Y<!vhy {A9�y {|y?H {A<IHJ>LKVv
{|y!v:} zV;«�bv¢9J>���vhye<?�]{AKby�vhyI<IH{;h{L9Ly {|y?H {A<IHJ>LKVv37 °��9yI> z�y {A} �D�VHJ;«�b�]y[v]F2HJ;=<?v%y�vxy¢<?HJ;x{A9L8t��u
©]v39JFGv�HJK {LKhHJKG�G>L}�> z�vBK]vB>�z!v �&{dy�v3z�zGH{FHv�H{v¤FHv3v?;�y?H wfv3F(wJ}�u9vhy?z�z!v¢> K�v=<
{A9 7�� �9~!� 7��¤�VHJv
�9y?>Lz�y!{L} z!vPv]v�<I�9vO}�>L}�v3K <�}�vB<I�G>2F�<I>/vI>L9Jy�v�<I�9vOHJK*<[v3z�y {A9 v��lz]{A<IHJ>LK�KlzV}+vxyIH{;h{L9�9 }L7

°�KG>L<I�9vxy�{L�G�9y?>�{ ;«�U<?>b<?�9v�9 {Y<!vhy {A9J9 }�y {|y!}�H�KGz'��{dy�vBz�zVHJFHvDH{v-w]{Lv[v3F�> K�y!{ }U<I�]vB>�y!}��
�D�9vxy[v/y�vhyI<IH{;h{L9:H�KV�G>L}�>Lz�vBK9v3H�<?H v]vd{�y[v({ vIv[zG}�v3F <?> wfv(zGK!;=>�zV�G9 v]F � y?>L} <I�9v�9 {A<[vhy {A9
y {|y?H {A<IHJ>LKVv37O�¤�9v�y�vhyI<IH{;h{L9%HJKG�G> }�>Lz�v3K9vBH�<IH v3v
{|y!vdz!vPz]{L9�9 }�<[y!vx{A<[v3F'H�K {/� zV9�9�� �&{dy�v+{A�2�
�9y?>�{ ;«���H{AKVF�<I�]vO9 {A<[vhy {A9ey {�yIH {Y<?H�> KVv&{|y!v�<!y[v {Y<!v3F zVv¢HJKGz^y { }�<I�9v3>�y!}L7 u�H vB9{F vB< {A9 7 � � �Y�
zVv[v <I�9vE� zG9�9�¯2�&{dy�vY� y { }c}�vB<I�G>2F <I> {LK]{A9 } 
hv <?�9vSv=� v3;=<?v/>L�N�$>L9 {|y�;h{A�<{|w!v¢>�yI�2<?H�> K
vBy�vBK*<?v¤> K�8t��u��]yI> �]{Azl{Y<IHJ>LK 7

°�;x{A9{;�zG9 {Y<?H�> K�>L��<I�9v vB9 v3;=<[y?HJ;N©]v39JF��$z H�y�vBK�<I�]vdvBHJz�v3K�y {L9 z]v3vD>L��<?�9v �]yI> �]{Azl{Y<IHJ>LK��
H{vbFHv3v?;�y?H w:v]FZwl} ¨��9v39�9J}^{AKu� �YQ�� 7\�¤�9v/}�v=<?�G>2F HJvdw]{Lv[v3F >LK <?�9v���KG>��D9 v3F2z�v�>A�¤<I�9v
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