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{9�ìøÍ&h�Ü¼�Ð 1px"î
l�6 x F�g�<Æ>���H F�g�̀¦ YO�o� ���²ú����H 3lq&h�Ü¼�Ð ��6 x��¦, ÂÒx�\�¦ ×�¦s�l� 0A�#�

Fresnel +þAI�_� lens\�¦ ��6 xô�Ç��. Fresnel lens��H F�g�<Æ F�|9�, �í&h���o�, groove>hÃº (zone >hÃº) x9�

groove_� l�Ö�¦l� 1px_� F�g�<Æ¹כ�è�Ð"f :£¤fç
 t�0>�����. s�ü< °ú �Ér Fresnel +þAI�_� @/½̈�â
 F�g�<Æ>�_� [O�

>�\�¦ ��H»¡¤F�g�<Æs��:r�̀¦ s�6 x�#� K�$3�&h���� ~½ÓZO�Ü¼�Ð y�� sagZ>� F�g�<Æ&h¹כ��è\�¦ 1lqwn�&h���� E$�Ý¼_� {9�ÂÒ

ì�rÜ¼�Ð [O�&ñ
�#�, y��y��_� ½̈5Åq�̧|	��̀¦ ëß�7á¤��̧2�¤ [O�>� ���Ãº\�¦ ���&ñ
��¦, ×�æd�� F�g&h�\� @/�#� r�ï�r

c��(collimation beam)s� ÷&�̧2�¤ þj&h� [O�>��%i���.
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Keywords: áÔYU3Aq E$�Ý¼,1px"î
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I. "e Â]Ø

Mirror�� E$�Ý¼��H �̧��H F�g�<Æ>�_� l��:rs� ÷&��H F�g�<Æ �è

��s���. s��Qô�Ç mirror�� E$�Ý¼�Ð ½̈$í
�)a F�g�<Æ>��� ���H

%i�½+É�Ér F�g"é¶\�"f ���:r ynC�̀¦ ò́Ö�¦&h�Ü¼�Ð s�6 x��¦�� �

��H �.���s	כ ��|¾Ó_� 4�¤��\��-t��� ¹ô�Çכ��9 �â
Äº\���H @/½̈

�â
 r�Û¼%7�s� .�����Q#&÷̈½¹כ Õª�Q�� @/½̈�â
 r�Û¼%7��Ér ÂÒ

x��� ��ÅÒ &�t�>� ÷&�¦ ����� ¢̧ô�Ç q���t�>� �)a��. ½̈�â


s� 9þtÃº2�¤ F�g�<Æ>�_� Ãº	��Ð ����#� �©����_� �̧�̧ ì�r�í��

Ô�¦ç�H{9��>� ÷&��HX<, s��Qô�Ç &h�[þt�̀¦ �FG4�¤ô�Ç r�Û¼%7��̀¦ ëß�

[þtl� 0AK� Fresnel E$�Ý¼\�¦ s�6 x���H ����s	כ [1].

l��>r\� F�g�<Æ�è���Ð"f s�6 x÷&#Q �:r �,�Ér	כ E$�Ý¼�� áÔo�

7£§õ�°ú �ÉrF�g_�ìøÍ��,ÏãJ]X��̀¦s�6 xô�Ç��s�@/ÂÒì	כrs�%3���.

Õª�Q��þj��H[þt#Q arrayF�g�<Æ�è����,�r]X�F�g�<Æ�è��\�@/

ô�Ç �'ad��s� Z�}��t��¦ e����. F�g |9�5Åq 0px§4�s� 8A#Q�� �Ð:�x

_� E$�Ý¼\�¦ �Ð¢-a���H ×�æ¹כô�Ç F�g�<Æ �è���� |̈c �¦����s	כ Òqt

y����¦, ¢̧ô�Ç ���ª�ô�Ç l�0px�̀¦ ����� F�g�<Æ�è��\�¦ $�§4��>�

]j/BN½+É Ãº e��l� M:ë�Hs���. Fresnel E$�Ý¼��H �̧��H ~½Ó�¾ÓÜ¼�Ð

ynC�̀¦�����K�×�¦Ãºe����HF�g�<Æ>��Ð"f�½Ó�Ð³ðt�\� ú́§s�s�

6 x÷&�¦ e����H F�g��³ðt�6 x 1px"î
l�\� ��6 x÷&��H l��:r +þAI�

s��� [2]. K��©�6 x 1px"î
l� r�Û¼%7��Ér ß¼>� �©�ÂÒ 1px�̂ü< �

ÂÒ 1px�̂�Ð ��Ðüt Ãº e��Ü¼ 9, �©�ÂÒ 1px�̂��H E$�Ý¼, ���½̈ �§8̈�

∗E-mail: jtkim@pknu.ac.kr

l�,K��©�6 x���½̈�Ð ½̈$í
÷&#Qe���¦,�ÂÒ1px�̂��H�ÂÒH�s�
Û¼, $3�F�gl�, {9�F�g��� 1pxÜ¼�Ð ½̈$í
÷&#Q e����. s�×�æ\�"f F�g
�<Æ ÂÒì�r�Ér E$�Ý¼ÂÒü< ���½̈ÂÒ�Ð"f ����̂ r�Û¼%7�_� ß¼l���

���&ñ
÷&�¦, Õª $í
0pxs� ýaÄº÷&��H Ùþ�d��ÂÒs���. �:r �7Hë�H\�"f
��H Fresnel E$�Ý¼_� :£¤fç
�̀¦ [O�>�\� ¹ô�Çכ��9 ���½Ó�̀¦ ¶ú�(R�Ð
�¦, K��©�6 x @/½̈�â
 1px"î
l�\�¦ ½̈$í
���H F�g�<Æ>� ×�æ E$�Ý¼ÂÒ
\� K�{©����H 250 mm Fresnel E$�Ý¼\�¦ ��H»¡¤F�g�<Æs��:r�̀¦ s�
6 x�#� K�$3�&h���� ~½ÓZO�Ü¼�Ð y��y��_� segments_� [O�>����Ãº
\�¦ ���&ñ
�#� $í
0pxì�r$3��̀¦ :�x�#� [O�>� ]j��� �%i���.

II. A0Vês�ÓÞ �Ö«ã_ËM��ÓÞ Frenel �Ö�8כ�ý ÄZØV	Ä

1. Fresnel �Ö�8כ�ý 4�~¿

E$�Ý¼_� ÏãJ]X���� +þAI���H Õª E$�Ý¼_� �í&h� :£¤$í
�̀¦ ���&ñ
f±	

��H ×�æ¹כô�Ç ,¦��¹�èsכ ÏãJ]X���� ��s�\� e����H F�«Ñ_� ÂÒx�
��H E$�Ý¼_� F�g�<Æ&h� :£¤$í
\� p�u���H %ò
�¾Ós� �����. ����"f
Fresnel E$�Ý¼��H F�«Ñ_� ÂÒx�\�¦ þj�è�o��¦, �í&h� :£¤$í
�Ér
Õª@/�Ð Ä»t�½+É Ãº e���̧2�¤ ]j����)a :£¤ÃºE$�Ý¼_� {9�7áxÜ¼�Ð

"f curved surface_� ü@+þA�Ér F�g5Åq�̀¦ ���_� �í&h�\� ë�By�
�̧2�¤E$�Ý¼_�F�g�<Æ&h�:£¤$í
�̀¦���&ñ
���H/BG���Ü¼�Ð ½̈$í
÷&#Q

e����H curved prism surface +þAI�_� groove�Ð ½̈$í
÷&#Q e��
��. áÔYU3Aq E$�Ý¼ ×�æd�� ��H%�\�"f_� groove_� �â
������Ér E$�
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Fig. 1. Profile of a typical Fresnel lens.

Ý¼ ×�æd��»¡¤\� ����î�r ���s� E$�Ý¼ ×�æd��»¡¤õ� s�ÀÒ��H y���̧��

0◦\� ����0>"f E$�Ý¼_� ×�æd��»¡¤õ� ��_� î̈
'����¦, ×�æd��»¡¤

\�"f #Á	#Q�� edge Aá¤Ü¼�Ð °ú�Ãº2�¤ �â
���� ����ØÔ>� ½̈$í


�)a��.s��Qô�Çy�� groove�̀¦l�ï�r���Ü¼�Ðs�1lxr�~�́M:s�1lx

\����Éry���̧ �Ð&ñ
�̀¦�l�0A�#�"é¶A�_�q�½̈��� profile_�

+þAI��ÐÂÒ'� ���çß�m�� �Ð&ñ
÷&#Q�� ô�Ç��. þj��H [þt#Q optical-

quality plastic_�Ø�¦�&³Ü¼�Ð·ú�»¡¤, injection moldingl�Õüt,

Õªo��¦ computer-controlled machiningÜ¼�Ð ]j�̧�� /'0>

&���¦, Ä»o��Ð �)a Fresnel E$�Ý¼�Ð�� �8 Z�}�Ér F�g�<Æ&h� $í
0px

�̀¦ °ú���H e�¦��Û¼hË: Fresnel E$�Ý¼_� F�g#3�0Aô�Ç 6£x6 xs� ��0px

�>� ÷&%3��� [3].

FresnelE$�Ý¼��H Fig. 1õ�°ú s� �̧y��èß�+þAI�_� ½̈��� ¢̧��H

q�½̈���+þA�©�_�éß�{9�E$�Ý¼��y��y��_� segment\����ÉrÏãJ]X�

0px (power)�̀¦ °ú���H #��Q �©�_� curved prism �̧y��_� ���½+Ë

Ü¼�Ð ½̈$í
�)a array E$�Ý¼�Ð Òqty��½+É Ãº e����. E$�Ý¼��H {9�ìøÍ

&h�Ü¼�Ð "é¶+þA_� »¡¤@/g�A +þAI��Ð"f, over-head projector_�

condenserü< °ú s� B�Äº &ñ
x9�ô�Ç ���Ü¼�Ð ÷&#Q e������, @/

+þA E$�Ý¼_� ÂÒx�\�¦ ×�¦s���H ~½ÓZO�Ü¼�Ð Fresnel +þAI�_� E$�Ý¼

�� ��6 x ÷&%3���. ����"f Fresnel E$�Ý¼��H ÂÒx��� 	�H E$�Ý¼

\�¦ �í&h���t�_� F�g�Ð	��� °ú �̧2�¤ ú̧���"f î̈
���\� ·¡��� �	כ

õ� °ú �Ér �Ü¼�Ð	כ s�K�½+É Ãº e���¦, "é¶A� 1px@/1pxõ� °ú s� @/

+þA E$�Ý¼_� ]j����̀¦ 0AK�"f ��6 x�)a ~½ÓZO�Ü¼�Ð"f @/+þA E$�Ý¼

_� �â
Äº �-Áº Áº��0>"f ��ÀÒl��� #Q§>�l� M:ë�H\� Õª ÂÒx�

\�¦ ×�¦s�l� 0Aô�Ç 6 x�̧�Ð"f_� @/½̈�â
 �̧"î
 F�g�<Æ>�\� ú́§s�

��6 xô�Ç��.

2. Fresnel �Ö�8כ�ý ÄZØV	Ä

FresnelE$�Ý¼��HF�g�<ÆF�|9�,�í&h���o�, groove>hÃº (¢̧��H
zone >hÃº), groove_� l�Ö�¦l�, surface_� +þAI� (spherical,
aspherical)1px_� ¹�è�Ðכ :£¤fç
 t�0>�����.
F�g�<Æ F�|9��Ér ��/BN$í
�̀¦ ×�æ¹כr� ½+É ÷�rëß� ��m���, ��6 x�
�¦�� ���H ���©� %ò
%i�\� @/K� ÈÒ"î
�̧�� Z�}���� ô�Ç��. ¢̧
ô�Ç @/½̈�â
 ��/BNr� ü@+þA ��/BN\� ë�H]j�� \O�#Q�� ô�Ç��.
�í&h���o���H {9�ìøÍ E$�Ý¼\�"fü< 1lx{9��>� ×�æd��ÂÒ zone\�
_�K� ��H»¡¤ F�g�<Æ&h�Ü¼�Ð ���&ñ
÷&��H ,¦��¹�èsכ �¦ò́Ö�¦ F�g�<Æ
>�{9�Ãº2�¤{9�&ñ
K�����¦,F�g�<Æ>�_� field angle\�_�K��í
î̈
��� �©�\�"f �©�_� ß¼l�\�¦ ���&ñ
���H ,¹���Ü¼�Ð"fכ ynC_� �<H
z�́s� \O�s� "é¶��o���t� �Ð?/��H %i�½+É�̀¦ ��̧2�¤ [O�&ñ
÷&#Q

�� ô�Ç��.
Zone_� >hÃº x9� l�Ö�¦l���H F�g|¾Ó_� �<Hz�́s� \O�s� F�g�<Æ>�
\�"f ÏãJ]X�s� {9�#Q���̧2�¤ l���<Æ&h���� ½̈�̧\� _�K� ���&ñ


÷&��H �ª�Ü¼�Ð"f �©����_� µ1ßl�\�¦ ���&ñ
���H ¹���Ü¼�Ð"fכ F�g

"é¶\�"f ���̧��H F�g ����̂�� �̧¿º �©����\� �̧²ú��t� 3lw��¦,
ìøÍ��,f�̈Ãº,íß�êøÍ1px\�_�K��<Hz�́s�e���̀¦Ãºe����.s�×�æ\�
"f �â
>����\�"f_� ìøÍ��\� _�ô�Ç �<Hz�́s� ×�æ¹כô�Ç ������Ð"f

F�g�<Æ>�_�ÈÒõ�Ö�¦�ÉrB�|9�\�"f/BNl��Ð{9������H{9���y��s�

��� 41°�Ð�� ß¼��� ?/ÂÒ ���ìøÍ��\� _�K� �̧��H F�gs� �©����\�
�̧²ú��t� 3lw�>� ÷&��H ���ìøÍ��\� _�ô�Ç �<Hz�́�̀¦ þj@/�Ð ×�¦

s�l� 0A�#� y��y��_� zone_� l�Ö�¦l�\�¦ �̧]X�½+É ��¹כ��9 e��
��. ¢̧ô�Ç surface +þAI���H {9�ìøÍ&h�Ü¼�Ð ½̈����̀¦ 2[��¦ e��Ü¼
��, &ñ
x9��̧\�¦ Z�}s�l� 0AK�"f q�½̈����̀¦ G�6 x�l��̧ ô�Ç��.

Fresnel E$�Ý¼ [O�>�\� e��#Q Ùþ�d�� l�Õüt�Ér y�� ring_� /BGÒ�¦
×�æd��s� ½̈���Ãº	�\�¦]j���l�0AK�×�æd��Ü¼�ÐÂÒ'�_���o�

\� ���� »¡¤�̀¦ ����"f y���è��̧2�¤ [O�>����H �.���s	כ ½̈
���Ãº	�\�¦ x���¦, �̧��H ��H»¡¤F�g���s� °ú �Ér &h�\� &ñ
SX�y� ë�B
y��̧2�¤ &ñ
x9��>� y�� "é¶ÆÒ_� ³ð����̀¦ cutK��� ô�Ç��. #�l�
"f �8 µ1Ï����)a ~½ÓZO��Ér &ñ
SX�ô�Ç q�½̈��� +þAI�\�"f y�� ÏãJ]X�

����̀¦ cut���H �.���s	כ �8¹¡¤s� �í&h�_� sharpness\�¦ 0AK�
groove_� ;�¤�̀¦ ]jô�Ç½+É Ãº�̧ e����. Fresnel E$�Ý¼_� Ô�¦���5Åq
&h�������\�_�K�y�������_�����o��H visible image_�|9��̀¦�@
�or�~�́ Ãº�̧ e��Ü¼Ù¼�Ð, y�� groove��H ynCs� B�Äº &ñ
x9��>�
ë�By��̧2�¤ �����÷&#Q�� ô�Ç��. 7áxA� F�g�<Æ>���H ÅÒ�Ð ½̈����̀¦
��6 x�%i���HX<, ½̈����Ér F�g�<Æ>�_� #��Q annular section\�
"f ���̧��H F�g���[þts� F�g»¡¤�̀¦ ���� #��Q &h�\�"f ����©� ÷&��H

7áx½̈��� Ãº	�\�¦ °ú�l� M:ë�H\� q�½̈����̀¦ ��6 x�#� �Ð&ñ
�

l��̧ ô�Ç��.
Fig. 2�Ér q�½̈��� áÔYU3Aq E$�Ý¼ü< {9�ìøÍ&h���� q�½̈���

(plano-convex) E$�Ý¼\�¦ q��§�%i���. {9�ìøÍ&h���� q�½̈��� E$�
Ý¼��H ¿º>h_� ÅÒ¹כ��� (principal plane)_� 0Au�\� _�K� F�g
�<Æ&h� :£¤fç
s� ���&ñ
 ÷&��HX<, �í&h���o��� Êê�í&h���o���H ÅÒ

¹���Ü¼�ÐÂÒ'�8£¤&ñכ÷&��H×�æ¹כô�ÇÓüto�|¾Ós���.Õª�Q��áÔYU
3AqE$�Ý¼\�"f��H¿ºÅÒ¹כ���s�{9�u�ô�Ç���¦�Ð�����l�M:ë�H



� ���½̈�7Hë�H � K��©�6 x 1px"î
l�\�¦ 0Aô�Ç Fresnel Lens_� [O�>�· · · – �̂�7áxI� 1px -485-

Fig. 2. Comparison between an aspherical conventional
lens and an aspherical Fresnel lens.

\� grooved surface�ÐÂÒ'�8£¤&ñ
�)a��.@/ÂÒì�r_�áÔYU3AqE$�
Ý¼��H plano-convex+þAI�\�"f ���+þA�)a +þAI�s�Ù¼�Ð s���H Õª
[þt_� q�½̈��� profileõ� @/½̈�â
õ� �<Êa�, y©�ô�Ç asymmetric
ìøÍ6£x�̀¦ ���Ér��.
{9�ìøÍ&h�Ü¼�Ð FresnelE$�Ý¼��H î̈
'��c���̀¦�¾ÓK� groove��e��
�¦, �í&h��̀¦ �¾ÓK� plano side�� e����H �â
Äº\�¦ ÅÒ�Ð ��ÀÒ�¦
e��t�ëß�, Fresnel E$�Ý¼��H ß¼>� ¿º ��t� �â
Äº�Ð Òqty��½+É Ãº
e����. s� ¿º ��t� �â
Äº��H ·ú¡\�"f [O�"î
ô�Ç Fresnel E$�Ý¼_�
:£¤fç
�̀¦ ���&ñ
f±	��H step ×�æd��\�"f_� /BGÒ�¦ìøÍ�â
, E$�Ý¼]j���
\� ��6 x÷&��H F�|9�_� F�g�<Æ&h� :£¤$í
�̀¦ ����?/��H ÏãJ]X�Ò�¦, ynC
_� |9�5Åq$í
_� &ñ
�̧\�¦ ����?/��H parameter�Ð"f_� �í&h���
o�, E$�Ý¼_� ÂÒx�ü< �'a>�÷&��H ×�æd��ÂÒ ¿ºa� Õªo��¦ y��y��_�
groove step_� ;�¤ 1pxõ� °ú �Ér 5��t� ���Ãº\� _�K� groove_�
l�Ö�¦l��Ð ½̈ì�r�)a���¦½+ÉÃºe����. ¢̧ô�Ç groove_�[O�u�~½Ó
�¾Ó\��̧ ¿º ��t� ~½ÓZO�s� e����HX< {9�ìøÍ&h�Ü¼�Ð áÔYU3Aq E$�Ý¼

Table 1. The design parameter of an Fresnel lens with
the diameter 250 mm.

Radius (mm) Thickness (mm) Glass

63.00319* 4.0 PMMA

infinity 125.0

* Aspherical coefficient

* k=0.877591

efl=127.6784

bfl=125.00

��H groove�� î̈
'��F�g Aá¤�̀¦ �¾Ó��¦ groove_� x9������� î̈
î̈


ô�Ç ���s� �í&h��̀¦ �¾Ó��̧2�¤ ]j���ô�Ç��. s���� +þAI�\�¦ groove

outs����¦� 9,s�ü<ìøÍ@/�Ð groove���í&h��̀¦�¾Ó��¦ î̈


î̈
ô�Ç ���s� î̈
'��F�g�̀¦ �¾Ó���H +þAI�\�¦ groove ins����¦ ÂÒ

�Ér��. �Ð:�x out_� +þAI��� in_� +þAI��Ð�� #��Q ��t� �©�&h�

�̀¦ ��t��¦ e��l� M:ë�H\� {9�ìøÍ&h�Ü¼�Ð groove�� î̈
'��F�g�̀¦

�¾Ó��̧2�¤ [O�>����H �â
Äº\�¦ F�g�<Æ&h�Ü¼�Ð �8 ��� ñ ô�Ç�� [4].

III. A0Vês�ÓÞ �Ö«ã_ËM��ÓÞ 200 mm Fresnel �Ö�8כ�ý
�rÇ4כ õmÍ ÄZØV	Ä

250 mm K��©�6 x 1px"î
l�6 x fresnel E$�Ý¼_� +þA�©��Ér K��ª�

Ãºíß�ÂÒ½©���\� ú́��̧2�¤�#���� 9,×�æd�� segment\�¦l�ï�r

Ü¼�Ð �#� �©�ÂÒ 27, 37>h_� segment�Ð ½̈$í
÷&#Q e��Ü¼ 9

y�� segment_� ß¼l���H ×�æd��ÂÒ\�"f #Á	#Q±ú�Ãº2�¤ �����t��¦

e��Ü¼ 9, ¢̧ô�Çy�� sag_�U�·s���H 4 mm�Ð"f{9�&ñ
ô�Ç°ú̀�כ¦��

t��¦e���� [5,6]. {9�ìøÍ&h����+þAI���H truncated right circular

coneÜ¼�Ð"f ?/ÂÒ��H cylindrical +þAI�s��¦, ü@ÂÒ surface��H

cylindrical Fresnel E$�Ý¼_� "é¶ÅÒ +þAI��Ð"f cone_� ×�æd��\�

F�g"é¶s�0Au����H ½̈�̧�Ð÷&#Qe����.s��©�õ�°ú �Ér]j���½©

����̀¦ �Ð@/�Ð Fresnel E$�Ý¼_� F�g�<Æ&h���� "é¶o�\�¦ s�6 x�#�

[O�>����ª��̀¦ ���&ñ
���� ��6£§õ� °ú ��.

Fig. 3. Passage of a ray through a groove number 3.

Fig. 4. The shape of an asphrical Fresnel lens with the
diameter 250 mm of the marine signal lantern(upside:27
grooves, downside:37 grooves).
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Table 2. Information of the sag with the diameter 250 mm of the marine signal lantern(base thickness=3.0 mm,
sag=4.0 mm, upside= 27 grooves, downside= 37 grooves).

Groove No. Ent. pupil size Center thickness Center radius Effective aperture size

0 6 4 63.003 6

1 22.33 6.95 63.439 16.32

2 31.63 10.86 65.285 9.31

3 38.69 14.81 64.844 7.05

4 44.64 18.42 67.657 5.95

5 49.82 22.09 68.996 5.18

6 54.52 25.21 76.688 4.7

7 58.87 29.30 71.339 4.33

8 62.83 32.86 71.623 3.98

9 66.84 34.78 95.568 4.0

10 70.83 35.75 161.602 4.0

11 74.85 39.09 173.033 4.0

12 78.84 46.39 110.681 4.0

13 82.86 52.47 84.545 4.0

14 86.84 69.28 46.341 4.0

15 90.83 65.01 67.748 4.0

16 94.83 67.02 82.183 4.0

17 98.82 68.78 119.320 4.0

18 102.85 75.07 94.500 4.0

19 106.85 79.06 121.459 4.0

20 110.83 83.07 145.059 4.0

21 114.84 87.04 144.585 4.0

22 118.83 91.06 161.613 4.0

23 122.85 95.11 174.601 4.0

24 126.85 99.15 340.745 4.0

25 130.84 103.03 351.022 4.0

26 134.83 112.79 415.886 4.0

27 138.87 119.61 627.649 4.0

28 142.87 114.16 321.880 4.0

29 146.85 117.96 379.007 4.0

30 150.88 133.02 183.478 4.0

31 154.86 151.65 111.494 4.0

32 158.87 141.50 220.897 4.0

33 162.90 138.96 275.589 4.0

34 166.88 149.61 298.734 4.0

35 170.82 159.64 213.910 4.0

36 174.78 146.09 1018.908 4.0

37 178.85 150.15 1196.911 4.0

[O�>� ���ª�Ü¼�Ð"f��H 250 mm f���â
_� ×�æd��\� K��©�6 x ���

½̈��0Au��l�0AK�"f��H back focal length�� 250/2 = 125

mm�� ÷&#Q�� � 9, F�g�<Æ F�|9��Ð"f ��6 x÷&��H Acrylic�Ér

���ª�ô�Ç ì�r��\� 6£x6 x÷&�¦ e����H e�¦��Û¼hË: F�|9��Ð"f ��r�

F�g��� ��� %ò
%i�\� ��_� 92 % ÈÒõ�Ö�¦�̀¦ �Ðs��¦ e��Ü¼ 9, s�

\� q��#� polycarbonate��H ��ß¼wn=õ� Ä»��ô�Ç :£¤$í
�̀¦ °ú�

�¦e��Ü¼��,�����F�g\�@/�#�\P��Ér yellowÒ�o�̀¦{��¦e����.

��6£§�Ér E$�Ý¼_� +þA�©��̀¦ ���&ñ
�l� 0A�#�, ü@ÂÒ_� base
curvature\�¦ c2�� ���� ��H»¡¤ F�g�<Æ\� _�ô�Ç power ~½Ó&ñ
d��
�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

k = k1 + k2 − d/nk1k2 (1)

#�l�"f k1 = c1(n − 1), k2 = c2(1 − n)s��¦, �í&h���
o� f = 1/k s��¦, Êê �í&h���o� (back focal length) 7£¤,



� ���½̈�7Hë�H � K��©�6 x 1px"î
l�\�¦ 0Aô�Ç Fresnel Lens_� [O�>�· · · – �̂�7áxI� 1px -487-

F�g"é¶_� 0Au�\�"f Fresnel cone_� 'Í	 ���P: �����t�_� ��o�
bfl = (1 − k2

n d)/k�Ð ÅÒ#Q�����.
����"f F�g�<ÆF�|9� PMMA (n = 1.483115, λ = 550

nm)\� @/�#� c2�̀¦ ½̈K��Ð��� ��6£§õ� °ú s� ÅÒ#Q�����.

c2 = 1/γ2 =
1

(1− n)f
' 1

(1− n)bfl
(2)

d�� (2)Ü¼�ÐÂÒ'� gamma2 = -60.39 mm�̀¦ %3��̀¦ Ãº e����.
s�ü< °ú s� �íl�[O�>� °úכÜ¼�Ð /BGÒ�¦ìøÍ�â
 -60.39 mm\� @/
ô�Ç ½̈���\�@/�#�q�½̈����o>�Ãºü<¿ºa� 3 mm\�@/�#�
þj&h��o\�¦ '������ [O�>����Ãº\�¦ ���&ñ
½+É Ãº e����. {9�ìøÍ&h����
q�½̈��� ~½Ó&ñ
d���Ér d�� (4)ü< °ú s� ÅÒ#Q����� [7].

z =
cρ2

1 + [1− (1 + k)c2ρ2]1/2
(3)

+a4ρ
4 + a6ρ

6 + a8ρ
8 + a10ρ

10 + · · · · · ·

#�l�"f ρ2 = x2 + y2s��¦, k��H conic constant,
a2, a4 · · ·��H q�½̈��� >�Ãºs���. Fresnel E$�Ý¼�̧ {9�ìøÍ&h�Ü¼
�Ð q�½̈���Ü¼�Ð 2[/åL÷&�¦, Õª +þAI��� y�� segment�� step
+þAI�\�¦ 2[��¦ e����.
s�XO�>� ���&ñ
�)a ×�æd��ÂÒ F�g�<Æ>�_� [O�>� ���Ãº\�¦ Table

1\� ����?/%3���.
Fig. 3�Ér Groove 3���\� ��6 x÷&��H E$�Ý¼_� layoutÜ¼�Ð"f

back focal length 125 mm\�@/�#�f���â
 77.38 mm_�@/
½̈�â
 E$�Ý¼_� edge ÂÒì�r��� 7.05 mm ( ×�æd��ÂÒ 	��̀ 31.64
mm)ëß� ��6 xs� ��0px��̧2�¤ þj&h� [O�>��)a F�g�<Æ>�_� F�g���
ÆÒ&h��̧s���.s�ü<°ú s��©�ÂÒ 27>h,�ÂÒ 37>h_� Groove\�
@/�#� edge ÂÒì�r�̀¦ Ä»ò́½̈�â
Ü¼�Ð °ú���H 1lqwn��)a ���_�
E$�Ý¼�Ð"f q�½̈��� >�Ãº\�¦ ���Ãº�Ð �#� þj&h��o ~½ÓZO�Ü¼�Ð

F�g�<Æ>�_� [O�>����Ãº[þt�̀¦ ���&ñ
�%i���.
s�XO�>� ���&ñ
�)a F�g�<Æ>�_� ×�æd��ÂÒ base /BGÒ�¦ìøÍ�â
õ� [O�
>� parameter\�¦ Table 2\� &ñ
o��%i���.
s�ü<°ú �Ér[O�>����Ãº\�¦°ú���H{9�ìøÍ&h����q�½̈���F�g�<Æ>�_�

+þA�©�Ü¼�Ð"f Fig. 4\�"f ·ú� Ãº e��1pws� {9�ìøÍ F�g�<Æ>��Ð [O�
>��)a�����F�g�<Æ>�_�ÂÒx������ 42 mm3(d = 14.82 mm)\�¦
°ú���H @/+þAE$�Ý¼_� +þAI�\�¦ 2[K��� ���, y�� sag����̀¦ ·ú�»¡¤
+þAI�_� Fresnel +þAI��Ð �<ÊÜ¼�Ð+� 5 mm ¿ºa��Ð+� F�g�<Æ>�
_� $í
0px�̀¦ Ä»t�½+É Ãº e����. ¢̧ô�Ç F�g����̧\�"f Fresnel +þA
I�_� F�g�<Æ>��Ð ½̈$í
Ùþ¡�̀¦ M: �̧"î
F�g"é¶_� 0Au�\� K�{©��

��H�íî̈
���\�&h�F�g"é¶s�0Au�Ùþ¡�̀¦M:F�g���_� layoutÜ¼�Ð"f
���%ò
%i�\�@/�#� collimations�÷&�¦e��6£§�̀¦·ú�Ãºe����.

IV. +sÇ Â]Ø

�:r �7Hë�H\�"f��H K��©�6 x 1px"î
l� r�Û¼%7�\� ��6 x÷&��H f��

�â
s� 250 mm���@/½̈�â
 �̧"î
F�g�<Æ>�\�¦áÔYU3Aq·ú�»¡¤E$�Ý¼
+þAI�\�¦ °ú���H F�g�<Æ>�\�¦ ��H»¡¤F�g�<Æ s��:r\� _�K� ×�æ�©�ÂÒ_�

+þA�©��̀¦ ���&ñ
�%i��¦, �©�ÂÒ 27>h �ÂÒ 37_� array +þAI�_�
segment E$�Ý¼�Ð ½̈$í
�#� F�g�<Æ>�_� ÂÒx�ü< +þA�©�s� þj&h�
s� ÷&�̧2�¤ [O�>��%i���. s�XO�>� [O�>��)a F�g�<Æ>���H �FK+þA ��
/BNõ� plastic��Ø�¦õ�&ñ
�̀¦:�x�#�Õª$í
0px�̀¦SX����½+ÉÃºe��
%3�Ü¼ 9 [8], l��>r Ãº{9�\� _��>r�~�� ]j¾¡§_� ²DGíß��o\�¦ :�x�
#� 250 mm ³ðï�r K��©�6 x 1px"î
l�\�¦ ²DG?/\� �Ð/åL½+É Ãº e��
%3���.

Pcp��8ý òk>

s��7Hë�H�Ér 2003�<Æ�̧��̧ ÂÒ�â
@/�<Æ�§l�$í
�r�<ÆÕüt���½̈q�
\� _��#� ���½̈ ÷&%3�_þvm���.
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We designed a marine signal lantern optical system by using a Fresnel form. The Fresnel lens

was constructed with an optical material, a focal length, a groove number (or zone number), and

optical elements of a groove’s slope. Such optics have several advantages over conventional lens

systems; large aperture systems may be constructed cheaply and are light in weight. The radiant

energy can be distributed uniformly over the sensitive surface area. The large-aperture Fresnel-lens

groove parameter, where each optical sag element is part of an independent lens, was obtained by

using an analytic method, and a design variable was identified decided to satisfy the constraint.
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