
UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. 

14/226,172 

466 7590 

YOUNG & THOMPSON 
209 Madison Street 
Suite 500 
Alexandria, VA 22314 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

8081-1131-1 1892 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

FUJIFILM CORPORATION, Tokyo, JAPAN; 
Tatsuyuki OGINO, Saitama-ken, JAPAN; 
Michio CHO, Saitama-ken, JAPAN; 
Yoshiaki ISHII, Saitama-ken, JAPAN; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

466 7590 07/08/2015 

YOUNG & THOMPSON 
209 Madison Street 
Suite 500 
Alexandria, VA 22314 

APPLICATION NO. FILING DATE 

14/226,172 03/26/2014 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Tatsuyuki OGINO 8081-1131-1 1892 

TITLE OF INVENTION: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

JONES, JAMES 2872 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

$0 $0 

CLASS-SUBCLASS 

359-714000 

2. For printing on the patent front page, list 

( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 10/08/2015 

2 YOUNG & THOMPSON 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

FUJIFILM CORPORATION TOKYO, JAPAN 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual ~Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

~Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

~Payment by credit card. Form PT0-2038 is attached. 

~The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number 250 ·120 (enclose an extra copy of this form). 

(IF NECESSARY) 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31and1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature ~/~E=r~ic~J~e~n~s~e~n~/ _____________ _ 

Eric Jensen Typed or printed name ______________________ _ 
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Electronic Patent Application Fee Transmittal 

Application Number: 14226172 

Filing Date: 26-Mar-2014 

Title of Invention: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

First Named Inventor/Applicant Name: Tatsuyuki OGINO 

Filer: Eric Jensen/Deidre Washington 

Attorney Docket Number: 8081-1131-1 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Utility Appl Issue Fee 1501 1 960 960 

Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 960 
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Electronic Acknowledgement Receipt 

EFSID: 23106395 

Application Number: 14226172 

International Application Number: 

Confirmation Number: 1892 

Title of Invention: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

First Named Inventor/Applicant Name: Tatsuyuki OGINO 

Customer Number: 466 

Filer: Eric Jensen/Deidre Washington 

Filer Authorized By: Eric Jensen 

Attorney Docket Number: 8081-1131-1 

Receipt Date: 04-AUG-2015 

Filing Date: 26-MAR-2014 

Time Stamp: 11:45:29 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $960 

RAM confirmation Number 9655 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1022590 

1 Issue Fee Payment (PT0-85B) IFEE.pdf no 1 
78f5521882120d85da4763860bb 150bb69 

5ec205 

Warnings: 

Information: 

32482 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
746d7 c386a0298141090772da36e28fdbdd 

cf2d7 

Warnings: 

Information: 

Total Files Size (in bytes) 1055072 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

EXAMINER 
466 7590 07/08/2015 

YOUNG & THOMPSON mNEs,JAMEs 

209 Madison Street 
Suite 500 ART UNIT PAPER NUMBER 

Alexandria, VA 22314 2872 

DATE MAILED: 07/08/2015 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

14/226,172 03/26/2014 Tatsuyuki OGINO 8081-1131-1 1892 

TITLE OF INVENTION: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

nonprovisional UNDISCOUNTED $960 $0 $0 $960 10/08/2015 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1of3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

466 7590 07/08/2015 

YOUNG & THOMPSON 
209 Madison Street 
Suite 500 
Alexandria, VA 22314 

APPLICATION NO. FILING DATE 

14/226,172 03/26/2014 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Tatsuyuki OGINO 8081-1131-1 1892 

TITLE OF INVENTION: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

JONES, JAMES 2872 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

359-714000 

2. For printing on the patent front page, list 

( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 

DATEDUE 

10/08/2015 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31and1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

14/226,172 03/26/2014 Tatsuyuki OGINO 

466 7590 07/08/2015 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

8081-1131-1 1892 

EXAMINER 

YOUNG & THOMPSON mNEs,JAMEs 

209 Madison Street 
Suite 500 ART UNIT PAPER NUMBER 

Alexandria, VA 22314 2872 

DATE MAILED: 07/08/2015 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When OMB approves an agency 
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the OMB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid OMB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to 
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority 
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations 
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. 
Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication 
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the 
record was filed in an application which became abandoned or in which the proceedings were terminated 
and which application is referenced by either a published application, an application open to public 
inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. 
14/226, 172 

Applicant(s) 
OGINO ET AL. 

Notice of Allowability Examiner 
JAMES JONES 

Art Unit 
2872 

AIA (First Inventor to 
File) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [gl This communication is responsive to amendments filed 612412015. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 

requirement and election have been incorporated into this action. 

3. [gl The allowed claim(s) is/are 1-3 and 5-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 

Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information, 

please see ~1tl;Q:i/www.us2to.gov/gatentsiinit events/Qgh/indexjs.Q or send an inquiry to PPHfeedback@'uS(Qto.aov . 

4. [gl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) [gl All b) D Some *c) D None of the: 

1. [gl Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121 {d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

/JAMES JONES/ 
Primary Examiner, Art Unit 2872 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150626 
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Application/Control Number: 14/226, 172 

Art Unit: 2872 

REASONS FOR ALLOWANCE 

1. Claims 1-3 and 5-22 are allowed. 

Page 2 

2. The following is an examiner's statement of reasons for allowance: the prior art 

does not disclose the claimed combination of limitations to warrant a rejection under 35 

USC 102 or 103. 

Regarding independent claim 1 (and its dependents), the prior art does not 

disclose the claimed imaging lens specifically including as the distinguishing features in 

combination with the other limitations the claimed "wherein the following conditional 

expression is satisfied: 1.4d/f1 <4, where f is a focal length of a whole system, and f1 is 

a focal length of the first lens, and wherein the following conditional expression is further 

satisfied: 0.78d/f12<2.5, where f12 is a composite focal length of the first lens and the 

second lens". 

Regarding independent claim 21, the prior art does not disclose the claimed 

imaging lens specifically including as the distinguishing features in combination with the 

other limitations the claimed "wherein the following conditional expression is satisfied: 

1.4d/f1 <4, where f is a focal length of a whole system, and f1 is a focal length of the 

first lens, and wherein the following conditional expression is further satisfied: 

-2d/f345<0, where f345 is a composite focal length of the third to fifth lenses". 

Regarding independent claim 22, the prior art does not disclose the claimed 

imaging lens specifically including as the distinguishing features in combination with the 

other limitations the claimed "wherein the following conditional expression is satisfied: 
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Application/Control Number: 14/226, 172 

Art Unit: 2872 

Page 3 

1 .4d/f1 <4, where f is a focal length of a whole system, and f1 is a focal length of the 

first lens, and wherein the following conditional expression is further satisfied: -0.4 d1 /f3 

< 0.3, where f3 is a focal length of the third lens". 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAMES JONES whose telephone number is (571 )270-

1278. The examiner can normally be reached on Monday thru Friday, 9 a.m. to 6:00 

p.m. est. time. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thomas Pham can be reached on (571) 272-3689. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Application/Control Number: 14/226, 172 

Art Unit: 2872 

Page 4 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JAMES JONES/ 
Primary Examiner, Art Unit 2872 
6/26/2015 
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MAIL STOP AMENDMENT 
PATENT 

8081-1131-1 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

In re application of: 

Tatsuyuki OGINO et al. Conf.: 1892 

Application No.: 14/226,172 Art Unit: 2872 

Filed: March 26, 2014 Examiner: JONES, James 

IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

AMENDMENT 

Assistant Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

June 24, 2015 

In response to the Official Action of April 30, 2015, 

please amend the above-identified application as follows. 

Amendments to the Claims are reflected in the listing of 

claims that begins on page 2. 

Remarks begin on page 9. 
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This listing of the claims replaces all prior versions and 

listing of the claims in the present application. 

Listing of Claims 

1. (Currently Amended) An imaging lens substantially 

consisting of, in order from an object side, five lenses of: 

a first lens that has a positive refractive power and has a 

meniscus shape which is convex toward the object side; 

a second lens that has a biconcave shape; 

a third lens that has a meniscus shape which is convex 

toward the object side; 

a fourth lens that has a meniscus shape which is convex 

toward an image side; and 

a fifth lens that has a negative refractive power and has 

at least one inflection point on an image side surface, 

wherein the following conditional expression ( 1) is 

satisfied: 

1.4<f/f1<4 (1), where 

f is a focal length of a whole system, and 

fl is a focal length of the first lens, and 

wherein the following conditional expression (3) is further 

satisfied: 

0.78<f/f12<2.5 (3), where 

2 
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f12 is a composite focal length of the first lens and the 

second lens. 

2. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-3<f/f2<-0.85 (2), where 

f2 is a focal length of the second lens. 

3. (Original) The imaging lens, as defined in Claim 1, 

wherein the fourth lens has a positive refractive power. 

4. (Canceled) 

5 . (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-2<f/f345<0 (4), where 

f345 is a composite focal length of the third to fifth 

lenses. 

6. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-0.5<fl/f3<0.4 (5), where 

f3 is a focal length of the third lens. 

7. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

3 
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R3f is a paraxial radius of curvature of an object side 

surface of the third lens, and 

R3r is a paraxial radius of curvature of an image side 

surface of the third lens. 

8. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-4<f/f5<-0.2 (7), where 

fS is a focal length of the fifth lens. 

9. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

0.5<f·tanffi/R5r<10 (8), where 

ffi is a half angle of view, and 

RSr is a paraxial radius of curvature of the image side 

surface of the fifth lens. 

10. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-0.9<f/f3<0.7 (9), where 

f3 is a focal length of the third lens. 

11. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

4 
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D7 is a spacing on an optical axis between the third lens 

and the fourth lens. 

12. (Original) The imaging lens, as defined in Claim 1, 

further comprising an aperture stop that is disposed on the 

object side of an object side surface of the second lens. 

13. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

1.5<f/f1<3.5 (1-1) 

14. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-2.5<f/f2<-0.9 (2-1), where 

f2 is a focal length of the second lens. 

15. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

0.8<f/f12<2 (3-1), where 

f12 is a composite focal length of the first lens and the 

second lens. 

16. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

5 
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f345 is a composite focal length of the third to fifth 

lenses. 

1 7. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-0.4<fl/f3<0.2 (5-1), where 

f3 is a focal length of the third lens. 

18. (Original) The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further 

satisfied: 

-0.6<(R3f-R3r)/(R3f+R3r)<l (6-1), where 

R3f is a paraxial radius of curvature of the object side 

surface of the third lens, and 

R3r is a paraxial radius of curvature of the image side 

surface of the third lens. 

19. (Original) The imaging lens, as defined in Claim 1, 

wherein when a composite refractive power of the first to third 

lenses is positive, the following conditional expression is 

further satisfied: 

-3<f/f5<-0.4 (7-1), where 

f5 is a focal length of the fifth lens. 

6 
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21. (New) An imaging lens substantially consisting of, in 

order from an object side, five lenses of: 

a first lens that has a positive refractive power and has a 

meniscus shape which is convex toward the object side; 

a second lens that has a biconcave shape; 

a third lens that has a meniscus shape which is convex 

toward the object side; 

a fourth lens that has a meniscus shape which is convex 

toward an image side; and 

a fifth lens that has a negative refractive power and has 

at least one inflection point on an image side surface, 

wherein the following conditional expression ( 1) is 

satisfied: 

1.4<f/f1<4 (1), where 

f is a focal length of a whole system, and 

fl is a focal length of the first lens, and 

wherein the following conditional expression (4) is further 

satisfied: 

-2<f/f345<0 (4), where 

f345 is a composite focal length of the third to fifth 

lenses. 

7 
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22. (New) An imaging lens substantially consisting of, in 

order from an object side, five lenses of: 

a first lens that has a positive refractive power and has a 

meniscus shape which is convex toward the object side; 

a second lens that has a biconcave shape; 

a third lens that has a meniscus shape which is convex 

toward the object side; 

a fourth lens that has a meniscus shape which is convex 

toward an image side; and 

a fifth lens that has a negative refractive power and has 

at least one inflection point on an image side surface, 

wherein the following conditional expression ( 1) is 

satisfied: 

1.4<f/f1<4 (1), where 

f is a focal length of a whole system, and 

fl is a focal length of the first lens, and 

wherein the following conditional expression (5-1) is 

further satisfied: 

-0.4<fl/f3<0.2 (5-1), where 

f3 is a focal length of the third lens. 

8 
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The application as filed and claim 7 as included herein 

correctly show that the denominator of the formula in claim 7 is 

(R3f + R3r). However, the application as published in U.S. 

Patent Publication 2014/0293453 incorrectly shows the 

denominator of the formula in claim 7 as (R3f R3r). The 

Examiner's kind assistance fixing this error in the published 

application and ensuring that the Patent Office's error is not 

repeated in the issued patent are respectfully requested. 

Claims 1-3, 6, 9-14, 18, and 20 were rejected as 

anticipated by SHINOHARA 2010/0253829. Claim 1 has been amended 

to include subject matter from claim 4 that was not rejected on 

this basis. Reconsideration and withdrawal of the rejection are 

respectfully requested. 

The indication that claims 4-5, 7-8, 15-1 7, and 19 include 

patentable subject matter is acknowledged with thanks. In 

reliance thereon, claim 1 has been amended to include the 

allowable subject matter of claim 4 and new claims 21-22 have 

been added that include the allowable subject matter of claim 5 

and 17, respectively. Allowance of amended claim 1 and new 

claims 21 and 22 is respectfully requested. The dependent 

claims are allowable for at least the same reasons. 

In view of the present amendment and the foregoing remarks, 

it is believed that the present application has been placed in 

9 
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condition for allowance. Reconsideration and allowance are 

respectfully requested. 

The Commissioner is hereby authorized in this, concurrent, 

and future replies, to charge payment or credit any overpayment 

to Deposit Account No. 25-0120 for any additional fees required 

under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

TWP/clt 

Respectfully submitted, 

YOUNG & THOMPSON 

/Thomas W. Perkins/ 
Thomas W. Perkins, Reg. No. 33,027 
Customer Number 00466 
209 Madison Street, Suite 500 
Alexandria, VA 22314 
Telephone (703) 521-2297 
Telefax (703) 685-0573 

10 
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1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective filing date of the claimed 
invention. 

3. Claims 1-3, 6, 9-14, 18 and 20 are rejected under 35 U.S.C. 102(a)(1) as being 

anticipated by Shi no hara (20100253829) hereafter Shi no hara. 

Regarding claim 1, Shinohara discloses an imaging lens substantially consisting 

of, in order from an object side, five lenses of: a first lens (G1) that has a positive 

refractive power (par. [0074], line 1) and has a meniscus shape which is convex toward 

the object side (par. [0074]); a second lens (G2) that has a biconcave shape (shown in 

fig. 1) a third lens (G3) that has a meniscus shape which is convex toward the object 

side (fig. 1, par. [0076]); a fourth lens (G4) that has a meniscus shape which is convex 

toward an image side(fig. 1 ); and a fifth lens (G5) that has a negative refractive power 

and has at least one inflection point on an image side surface (par. [0078], line 1-2, par. 

[0084]), wherein the following conditional expression (1) is satisfied: 1.4d/f1 <4 (1 ), 

where f is a focal length of a whole system, and f1 is a focal length of the first lens (par. 

[0081 ]). 
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Regarding claim 2, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: -3d/f2<-0.85 (2), where 

f2 is a focal length of the second lens (table 43). 

Regarding claim 3, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the fourth lens has a positive refractive power (par. [0077], line 1 ). 

Regarding claim 6, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: -0.5d1 /f3<0.4 (5), 

where f3 is a focal length of the third lens (see table 43). 

Regarding claim 9, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: 0.5dtan 

.omega./R5r<10 (8), where .omega. is a half angle of view, and R5r is a paraxial radius 

of curvature of the image side surface of the fifth lens (see table 1; 

tan(38.80)/1.3907=.5781 ). 

Regarding claim 10 Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: -0.9d/f3<0.7 (9), where 

f3 is a focal length of the third lens (see table 43). 

Regarding claim 11, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: 0.05<07/k0.2 (10), 

where 07 is a spacing on an optical axis between the third lens and the fourth lens (see 

table 43; 1.49/7.95=.1874). 

Regarding claim 12, Shinohora discloses the imaging lens, as defined in claim 1, 

further comprising an aperture stop (st) that is disposed on the object side of an object 
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Regarding claim 13, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: 1.5d/f1 <3.5 (1-1) (par. 

[0011 ][0081] discloses 0.8d/f1 <1.5). 

Regarding claim 14, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: -2.5d/f2<-0.9 (2-1 ), 

where f2 is a focal length of the second lens (see table 43). 

Regarding claim 18, Shinohara discloses the imaging lens, as defined in claim 1, 

wherein the following conditional expression is further satisfied: -0.6<(R3f-

R3r)/(R3f +R3r)<1 (6-1 ), where R3f is a paraxial radius of curvature of the object side 

surface of the third lens, and R3r is a paraxial radius of curvature of the image side 

surface of the third lens (shown in table 1, (-1.9476)/(11.8424) = -.1645). 

Regarding claim 20, Shinohara discloses an imaging apparatus comprising: the 

imaging lens, as defined in claim 1 (abstract). 

Allowable Subject Matter 

4. Claims objected to as being dependent upon a rejected base claim, but would be 

allowable if rewritten in independent form including all of the limitations of the base 

claim and any intervening claims. 

5. The following is a statement of reasons for the indication of allowable subject 

matter: the prior art does not disclose the claimed combination of limitations to warrant 

a rejection under 35 USC 102 or 103. 
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Regarding claim 4, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

Page 5 

limitations the claimed "wherein the following conditional expression is further satisfied: 

0.78d/f12<2.5 (3), where f12 is a composite focal length of the first lens and the second 

lens". 

Regarding claim 5, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: -

2<f/f345<0 (4), where f345 is a composite focal length of the third to fifth lenses". 

Regarding claim 7, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: -

1 <(R3f-R3r)/(R3f-R3r)<1.2 (6), where R3f is a paraxial radius of curvature of an object 

side surface of the third lens, and R3r is a paraxial radius of curvature of an image side 

surface of the third lens". 

Regarding claim 8, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: -

4d/f5<-0.2 (7), where f5 is a focal length of the fifth lens". 

Regarding claim 15, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: 
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0.8d/f12<2 (3-1 ), where f12 is a composite focal length of the first lens and the second 

lens". 

Regarding claim 16, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: -

1.5d/f345<-0.05 (4-1 ), where f345 is a composite focal length of the third to fifth 

lenses". 

Regarding claim 17, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein the following conditional expression is further satisfied: -

0.4d1/f3<0.2 (5-1 ), where f3 is a focal length of the third lens". 

Regarding claim 19, the prior art does not disclose the claimed imaging lens 

specifically including as the distinguishing features in combination with the other 

limitations the claimed "wherein when a composite refractive power of the first to third 

lenses is positive, the following conditional expression is further satisfied: -3d/f5<-0.4 

(7-1 ), where f5 is a focal length of the fifth lens". 

Response to Arguments 

6. Applicant's arguments, filed 1/8/2015, with respect to the rejection(s) of claim(s) 

1-20 under 35 USC 102 have been fully considered and are persuasive. Therefore, the 

rejection has been withdrawn. However, upon further consideration, a new ground(s) of 

rejection is made in view of Shinohara. 

Apple v. Corephotonics Page 93 of 287 Apple Ex. 1011



Application/Control Number: 14/226, 172 

Art Unit: 2872 

Conclusion 

Page 7 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAMES JONES whose telephone number is (571 )270-

1278. The examiner can normally be reached on Monday thru Friday, 9 a.m. to 6:00 

p.m. est. time. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thomas Pham can be reached on (571) 272-3689. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JAMES JONES/ 
Primary Examiner, Art Unit 2872 
4/26/2015 
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MAIL STOP AMENDMENT 
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8081-1131-1 
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In re application of 

Tatsuyuki OGINO et al. Conf. 1892 

Application No. 14/226,172 Art Unit 2872 

Filed March 26, 2014 Examiner JONES, James 

Title: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING 

LENS 

REQUEST FOR RECONSIDERATION 

Assistant Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

January 8, 2015 

In response to the Official Action of October 9, 2014, 

reconsideration of the rejection of the claims is respectfully 

requested for the reasons set forth in the Remarks that begin on 

page 2. 
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Remarks 

Docket No. 8081-1131-1 
Application No. 14/226,172 

Claims 1-20 were rejected as anticipated by TANG et al. 

Reconsideration and withdrawal of the rejection are respectfully 

requested. 

TANG et al. disclose 7 embodiments, which are summarized 

below, where + indicates a positive refractive power. 

Embodiment 1st lens 2nd lens 3rd lens 4th lens 5th lens 

1 + + + 

2 + + + 

3 + + + 

4 + + + 

5 + + + 

6 + + 

7 + + + 

The fifth lenses of embodiments 4 and 7 have positive 

refractive powers, which is different from the fifth lens of 

claim 1 which has a negative refractive power. Therefore, these 

embodiments do not anticipate claim 1. 

The first lenses of embodiments 1, 2 and 5 are of biconvex 

shapes, which is different from the first lens of claim 1 which 

has a meniscus shape and is convex toward the object side. 

2 
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Docket No. 8081-1131-1 
Application No. 14/226,172 

Therefore, these embodiments do not anticipate claim 1. 

The third lenses of not only embodiments 3 and 6 but also 

all of the embodiments have a biconvex shape, which is different 

from the third lens of claim 1 which has a meniscus shape and is 

convex toward the object side. Therefore, these embodiments do 

not anticipate claim 1. 

In particular, please note that the third lens of TANG et 

al. is biconvex, not meniscus and convex toward the object side 

as in claim 1. The Official Action cites paragraph 0012 of TANG 

et al. However, according to paragraph 0012, the third lens 

element has a convex object side surface and a convex image side 

surface. Hence, the third lens of TANG et al. has a biconvex 

shape. The advantages of the third lens of claim 1, which has a 

meniscus shape and is convex toward the object side, are 

described at page 11, line 33, through page 12, line 2 of the 

present application. 

Accordingly, none of the embodiments include all claim 

limitations. Thus, claim 1 avoids the rejection under §102. 

In view of the foregoing remarks, it is believed that the 

present application has been placed in condition for allowance. 

Reconsideration and allowance are respectfully requested. 

The Commissioner is hereby authorized in this, concurrent, 

and future replies, to charge payment or credit any overpayment 

3 
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Docket No. 8081-1131-1 
Application No. 14/226,172 

to Deposit Account No. 25-0120 for any additional fees required 

under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

TWP/lrs 

Respectfully submitted, 

YOUNG & THOMPSON 

/Thomas W. Perkins/ 
Thomas W. Perkins, Reg. No. 33,027 
209 Madison Street, Suite 500 
Alexandria, VA 22314 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
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if;~§J5~, A'"?- }-- 7 71 >, :7 :f v 'Y }-- _!filJ1ffO*:j3 J: u PD A~(:Jti v •-Ctif.i@IJ: 't:> O)c c!b 6 
o 2: 0)~11C v >A, L li, 7C_!Jffi Z 1 \.:: fd--::J -C, i~1*1JlUiJ" G /I[&(.:, 5t 1 v >A, L 1 ~, 5t 2 v 
/A'L2~, 5t3v/A'L3~, 5t4v/A'L4~, 5t5v/A'L5~~f)m;t-CP6o 

(0023) 
cm 1 4 t-=:, ::$:~BJiO)*J'.1iE~~i=1*6~11C~II'L 1 cc!bomifY~§i5Jtffil*O)tP1HCKl~~9o ::$: 

~B}i O)*J'.1iElf3!~1H-=: 1*6 ~11C~U'L 1 ii, ::$:~JliE~1'1H.: 1*6 ~11C v >:A' L ~, 2: 0)~11C v >A, 
L (.:: J:--::J -C~nX;~ tlt:::..7t#11C\.:Jit>t: t:::..~11C1§~~tl:\1J9 6 CC DtJ: ~,0)~11C~-=f 1 0 0 ( 
cm 1 $~~) ~ ~1lm:t -ct~nX; ~no 0 ~11C~-=f 1 o o ii, -::: 0)~1* v >A, L O)*a11COO c 11COO 
R 1 4) t-=:jlljc[I'L~ t16o 

(0024) 
cm 1 5 t-=:, ::$:~8Jj0)**~~(=1*6~11C~U'L 5 0 1 cc!b QA'"?-}-- 7 71 /O)tJ!IHCKI ~~ 

9o ::$:~8JjO)*J]iE~~\.:1*6~1*~1I'r5 0 1 ii, **tft!!lf31'1H:1*6~11Cv>A'L ~, 2:0) 
t~11C v >:A' Lt-=: J: --::J -C ~mt~ tlt:::..7t#1*\:Jit> t: t:::..t~11C1§~ ~ tl:\ 1J9 6 CC D iJ: ~, 0)~1*~ 
--17"-lOO CCK11$m) ~~~967J;!-7$541~1Jm:t-cmmt~t16o ~~~--17"-lOO~ 
, 2: 0)~1* v >A, L 0)*511COO (~11C00) \:jlljc[I'L ~.fl 6 o 

(0025) 
5t5 V/A'L 5~~11C~-=f100 ~O)ra~t=li, V/A'~~~967J;!-71J{UO)t~mt,=a>t: 

L' fi i! JJ7t$~~~tc G iJ~jlljc[I'L ~.fl L v 4 L t> J: v ,0 1JU:titt~11C001=*glJti 0) 7J /\-j:f 7 A-'? 
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$~**77 '/ r- 7 1 ;v !! tJ:. ::::_, ®ftJJtk:®7t"F~Ptt/J\jlljcll'r ~ tt -cit" -ct J: t "o 2: ®~ii, 7t"F 
ifpttc G ::::_ LL 'lYU .~:.JfftJJt~VJ 77 /'\- :fJ 7 At:, #Jl--.**77 '/ }-- 7 1 Jv!l ~ND 7 1 Jv !! ~ 
VJ 7 11v!l~1J~VJdb6 ::z - r-- /J\tftfi ~ ttt-: t oJ, db 6 Pt;J:roJt1R®~1J~~1f9 6tt'f'~~&m L 
'Lt:JJ:Po 

(0026) 
:l t-=:, 7t"F~Pttc G ~ JiiPT(:, m 5 v /_::;( L 5 (: ::t- 1' ~tftfi9~L 'L7'C$ifpt;fc G ::::_ 

ID]~VJ~1J~ ~t~k it 6 J: 7 t: L 'Lt J: Po 2: ;ft(: J: v), ~PJ1aJ~~f'~oJ ~UiffiX ::::_ ~~®*:~rn~~ cm 
6 2: ::::_ /J\c ~ 6 0 

(0027) 
2: VJ m1t v > _::;( L ~d:. :l t-=, m 2 v > ;( L 2 VJ :w w mu VJ TIO J: VJ :w 1* mu'= jlljc Ll'r ~ .r11-: oo o ¥1 

t) S t ~'UmX 6 2: ::::_ /J\:!lf ;l L Po 2: VJ J: 7 (:, 00 o ¥1 t) S t ~m 2 v > -7:' L 2 VJ1o/11*mU VJ 
TIO J: VJ t 1o/J1*mUt:jlljcll'r L k 2: ::::_ 1: J: t;, t~H=*B1t~&t~VJ Jmi?J~pt: .:BP'L, 7'C$~~iffii@r9 
6***®*51tTIO cm1~<:~~) "'-VJA!fi"/J\*:e- < tJ:.6VJ~:tfPf!JU96 2: ):::_/J\c:e-60 2: VJ~1J 
~ ~ ~ is '= ra:r &0 6 t-= &0 '=, oo o *~ VJ s t ~, m 1 v > ,A' L 1 VJ :w 1* mu VJ TIO J: VJ m 1* mu'= jlljc 
Ll'r9 6 2: ::::_ /J\:!lf;l L Po id:.:B, rm 2 v > -7:'®1o/J1*ffiU®TI0 J: VJ :Wi*mUt:jlljcll"LJ ::::_Id:., 7tll!m 
jJloJ t= .:B~t 6 00 D *~ !'.) VJfJ'Lll'r/J\, lmJ:. ?-y-j- Jv:Yt** ::::_ m 2 v >:A' L 2 uJ1o/11*ffiUoJ TIO::::_ VJ 
~,B ::::_ roJ t: 11Lll'riJ"-f tt J: VJ mttmUt= db 6 2: ::::_ ~~at9 6 o roJt1Rt:, rm 1 v > -7:'®1o/JttmU 
VJ TIO J: !'.) 1o/11*mUt= jlljcll"LJ ::::_ ~d:., 7tll!m1JloJ (: .:B tt 6 00 D if.1 v) VJ1J'LU'r!J\ ll!m __[_ '"? - y-j- Jv:Yt** 
::::_ m 1 v > ,A' L 1 VJ m 1* 1J{U VJ TIO ::::_ VJ x,B ::::_ roJ c: 1:ll Ll'r /J" ..z:- tt J: VJ m 1* mu'= db 6 2: ::::_ ~ ~ °* 9 
60 

(0028) 
***JF~J'~JH:;Bit-.-c, 5g3.:BJ:um6 ®t11J.lls<;11fU®v>-7:' Ccm3. 6) /J\, 00Dif.11vJ st 

/J\m 1 v >,A' L 1 VJ1o/Ji*m1JVJTIO J: VJ wttmui:jlljcll'r ~ ttt-=t#mt11fU-cdb VJ, m 1, m 2, m 4 
.:BJ: cfm 5 VJf#.!l5<;1§U VJ v > -7:'/J\ Ccm 1 , 2, 4, 5) , 00 D if.1 t) S t /J\m 2 v > -7:' L 2 VJ 
mwmu J: tJ wi*1Jm:jlljcll'r ~ ttt-:t#lls<;11fU-c db 6 0 tJ:..:B, 2: 2: 1=~-too o ¥1 VJ s t (j:_£,9 Lt 
*:e-~~~tk:~~9t®c~ld:<, 7t~Z1J:.®~U'r~~9t®cdb6o 

(0029) 
fci:_;H, 00Dif.1VJ st ~m2 v>-7'.'L 20J*~i*mUVJTIOJ: t) t~?ai*mUt:jlljcU"LLt-:~ii(:;:j'3p 

L, m 1 v > ,A'L 1 VJ1o/J1*1J{IJ®TIOJ: !J :W1*mU(:, 7 v7$::5t~:::f-_:A f-$::5t~:tf1Jf!JU96k 
&0VJ 7 v7if.'1 t) ~ ~ G t:1JmX.6 t VJ::::_ L 'Lt J: Po **tftfi~J'~JH:.:BP'L, m 1.:BJ:zfm2 
®t#mt1§U®v>-7:' ccm1, 2) /J\, 7v7if.11tJ~1JmX.t-=:t#,!l5<;11fUcdb6o tJ:..:B, cmi.:BJ:u 
cm 2 t: .:BP 'L, 7 v 7 if.1 VJ t: $ ~.~HB={j- S t 1 ~, 00 D ¥1 VJ I:$~,~ fi={j- S t 2 ~ fi -9- L 'L P 
60 2: ®~ii, 00 D1[z~ v) St 2 1d:. F no. ~f!JUf>N9 6if.1 v) cdb 1-J, 7 v7~ v) St 1 (j:_Jm 
i?lllfil" VJ 7t5R ~ f!JU F>N 961fz~ vJ ::::_ tJ:. 6 o 

(0030) 
~Gt:, oooif.1tJ st ~7tll!m/JloJt=.:BP-cm 1v>:A'L1 ®1o/J1*mlJ®TIOJ: VJ t:W1*mUt= 

jlljcU"LLt-:~ii(:;BP'L, 00Dk&'.tJ St ~m1v>-7'.'L1 ®TIOTJl,BJ: t) t1tmUt:jlljcU'r962: 
::::_ /J\:!lf ;l L po 2: VJ J: 7 (:, 00 D if.1 I) s t ~m 1 v >,A' L 1 VJTIOTJl,BJ: VJ t ffI<ffiUt:jlljcll'r L 
k~iit:(;t, 00D1f:~t'.) St ~~&0kf~1fI<v>-7:'<7J~~~*E*i1t962:):::_/J\c:e-6o j:f_:, 

***~@t= .:B p L' 00 D if.1 V) s t ~j:_5g 1 v >:A' L 1 VJ TIOTJl,B J: v) t 1tmu i= jlljcll'r ~;ft L p 
6/J\, 2:t11=~'.!E~t1T, 00Dif.1VJ st ~m 1v>-7'.'L1 VJTIOTJl,BJ: VJ tt~f*ffiUt:jlljcll'r~ 
;ft'LP'L t J:Po 00Dif.1tJ St /J\5g 1v>-7'.'L1 ®TIOTJl,BJ: v) t1o/JtfffiU\:jlljcU'r~t1'LP6 
~iii= ,d:., oo o ~ !'J s t /J\m 1 v >:A' L 1 VJ TIOT&,B J: tJ t 1tmu t= jlljcll'r ~ tt -c p 6 ~ii J: t; 
JmJZ]7t_muJ.frii*®B.,BiJ" G ~j:_~~/ffUc db 6 /J\ *fiff{<~J'lt~VJ /1'ili?J~p\:.:BP L' 7t$~~]m 
1rl'l19 67t~-*®*fi1tTIO cm1t~-=t-) "'-VJ AM" /J\*:e- <id: 6 oJ ~ ~ 1~ 1=:!lt1~i=:trnf!lu<r 6 2: ::::_ 
/J\c :e- 6 0 

(0031) 
± + i".71 1 2 4 5 I~~-+-"",,.,. 1 ~"" 2 """" 4 ~> l- 71\'""A- 5 IT\ '=E?i±c:u/~g,_ ~I< ':L ts1:ai I ' ' 
a;_ 1-=:, L:"J • • • V'-~ ';I 5¥, ' 5¥, ' 5¥, ..p cl-- u 5¥, V/:::;l';:::JJl!!.Jl::;~,i~ l*"ollJlX ~ v / 

,A' VJ J: 7 '=' 00 D if.1 I') s t ( s t 2 ) ~ 7tll!m1J loJ ( = .:B lt 'IL m 1 v >,A' L 1 ::::_ m 2 v >,A' L 
2 ::::_ ®Fa~(:jlljcll'r L 'Lt J: t "c 2: ®~iii= (d:., 1tTIO~etJ ~ ~:!ztt=:fmlE9 6 2: ::::_ /J\c :e- 60 tJ:. 
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.B, ~ D ~t VJ St ~7Clm1JrtiJi:.BP'Lm 1 v :/A, L 1 ~ m 2 v > A'L 2 ~ OJFa~':jlljcU'r L k 
~ilt= t;J:., ~ o*~ VJ st ~7tlm1froH=.BP-cm 1 v >:( L 1 OJ4o/71*ffiUOJOO J: VJ :!o/H*ffiU(:jlljc 
U'r L t-=:~E J: VJ 8 T v t > r. 1J '>' ::7 ti~ w1=',f;9 .Q' 9iJ: b ls' 3:::_7[;;f:_~ ~ :Ytlm '= c ~.Qt± ~t 
-'ffriJ>l:k~\: 9 .Q C~1*00t: .:t3 It .Q AJfti~ )J'.!J\·l?'i:::n:Jlt < tJ: .Q J: 7 i: 9 .Q) t-:: 6!J \: ~i/ffU 
c ~ o t> 0) 0), ~1t~~txfi!;rOJ¥'BJiil!H= 1¥-~ \.llti:f.*r~ ~ ttt-:, A-!tif§ JJ'.OJt~'t*'=~ffi9 o5t 
7t~1J$0J{E\:T'~~lEeOJ¥e±1J\ift*J: i; t>1l\:rax~ t1t-=~1t~~~.100m9 o-:= ~ ,= J: VJ, 5lt.IOO 
tJ:7t$111:~~~*r~9 .Q-:= ~ /J\c ~ o c 

(0032) 
-:= OJ~1t v > _:::;( L t= .B p L' m 1 v //( L 1 ~J:, 7Clm.llt1%'t= .B p LIE 0) Jffit!f:tJ ~ ~ L' 

7Clm.lltf%''= .B ~ \ L m 1*ffiU '= 8 00 ~ rOJ ~t k ;!. :::-A fJ A ~{kc~ .Q 0 =er.*1%.~~'= t> ~ ~ t1 .Q 
J: 7 t=, 1R t> m1*ffiU 0) v > _:::(c ~om 1 v > _::;( L 1 ~, IE 0) Ft±lt!f:tJ ~~ L, 7tlm.llt1%'cm 
i*ffiUt= 8 00 ~ rtutt t-: ;J. :::-A fJ A ~)l:k ~ 9 .Q 2: ~ (: J: !J, m 1 v /_::;( L 1 OJ1~ffiU3:::_,~1:\LU'r ~ 
4o/Jftffi1H,::*f-J±~9 < iJ: VJ, ~*~:$lt.:@(:i1H@l1tc ~ Oo 

(0033) 
m 2 v > _::;( L 2 it, 7tlm]l11%'i= .B p -c rffiffllJ~)l:kc ~ o 0 -:= 0):::.. ~ i= J: VJ, eitX~ ~ R:5lt 

'=:fmIE L ~~' r'6JU\:OJD1<00J1X~OJ¥'B± ~:$lt.IOO,=tQJffiU9 .Q-:= ~ /J\c ~' /J'-~:$lt.i00,=~*0)*E 
~1t~*r~9 .Q-:= ~ /J\c ~ .Qo 

(0034) 
m 3 v > _::;( L 3 ~J:, 7tlm.llt1%''= .B ~ -. -c *701*ffm= tJ oo ~ rtu ~t t-= ;!. :::-A fJ A ~)!:kc~ o 0 -:= 

0)-:= ~ '= J: VJ' m 3 v > ;;( L 3 v)f~ffiU3:::_,~f:lLU'r ~ J: VJ 5lt.IOOi=m1*ffiUi:*f-i± .Q-:= ~ /J\c ~ .Q 
k6!J, :$lt.:@i:~*OJi!rn1Ht~*r~9 .Q 2: ~ /J\c ~ .Qo m 3 v / _::;(L 3 ~J:, 7'tlm.lltf%'t:;i'3P 
'L4o/71*ffiU'= 8 00~ rtuttt-: ;!. :::-A fJ A~)l:k ~ ~ t1 L P.Q 8 O)c ~ttii, 7Clm.lltf%',=.B~ -.-c IE 
OJFt±it!T1J~~9 o J: 7 i=f#fttX:9 o-:= ~ /J\c~, 7tlm.llt1%',=.BP-CjlOJ!ffit!f:tJ~~9 o J: 7 
(:f#fn><:9 o-:= ~ t> c ~ o 0 Q'l 1 ~Q'l 3 t=~9m 1 /J" Gm 30)*1%.~~'=1#;o~1t v > :A'O) 
J: 7 (:, m 3 v >;A' L 3 ~7Clm.llt1%',=.BP'LIEOJJffitJT:tJ~~9 .Q J: 7 (:f#f}l)(: L k~i'J(: ii 
, J: VJ :$lt}iiilH:~*OJ*2~1t~*r~9 .Q-:= ~ /J\c ~ -00 ~ k, Q'l 4 ,____,Q'l 6 \:-f tt.:f t1~9m 
4 /J" Gm 6 0)*1%.~~'=1*0~1* v > ;A'O) J: -J ,=, m 3 v >;A' L 3 ~7tlm.lltf%'(:.BL \-cjl 
OJ!ffitJT1J~~9 .Q J: 7 (:f#fmt L kt~l@Jt: (i, e1f;z~ ~ J: vJ _R:$lt(::fmIE9 .Q 2: ~ /J\c ~ .Qo 

(0035) 
m 4 v >;A' L 4 ~i, 7Clm.lltf%''= .B ~ \ L 1tffiU '= 8 00 ~ rOJ It k ;!. :::-A fJ A ~)!:kc~ .Q c -:= 0) 

-:= ~ t: J: vJ , :JF,~llX~ ~ :$Zf]jiij (: :fmIE 9 .Q -:= ~ /J\c ~ .Q o m 4 v >A' L 4 1i, 7Clm.lltf%'i: .:t3 
p L IEOJFt±it!f:tJ ~~9 .Q-:= ~ /J\:$lf ~ L po :::.. 0)-:= ~ (: J: VJ' ~~'= tj::t Fa~lfil!j§ t= BP L' 7t$ 
*~1ffii@!9 o7C*~OJ;f,61t00 (~1*~~) ~OJAJftifl§ /J\j(~ < iJ: .Q OJ ~:$Zf}jiijt,::tQJffiU9 .Q-:= ~ 
/J\c ~, /J"~~*~*.i00'=*2~1tL~~, 1-&$eitX~~ R:wt=:fmIEc~ oc 

(0036) 
m 5 v > :A'L 5 ~i, 7ClmJltf%',:.BP'LjlOJft±lt!f:tJ~~9 Oo ~1t v> :A'OJ1Rt>1tffi1Ji,::7[; 

lmJlt1%',,::.;f3P-CjlOJJffit!f:tJ~~9 .Q V / :A'~jlljcU'r9 .Q :::._ ~ c, J: vJ :$lf.:@i:t~1t V /:A'~~ 
1* ~ LL T v 7 :;t f.. tf,[ 0) fJif}l)(: ~ 9 .Q -:= ~ /J\c ~' ~* ~ :$Zf}jiij '= ili~1t9 .Q -:= ~ /J\c ~ .Q 0 

~ t-=, ms v >:A' L s /J\7tlm.llt1%'cjl OJ!ffit!T:tJ ~~9 o-:= ~ i= J: !J, 1too~E±B ~5lt.100i=1m 
IE9.Q 2: ~/J\c~.Qo ~t-=:, m 5 v/A'L 5 (i7Clm.llt1%'i:.BP'Lft1JlU(:[ll]OO~rtutt'L~\.Q 
~ili= ii, J: vJ 5lt.IOOi=~*OJ*2~©1t~*I~ L ~~, f*OO~E±B ~ R:5ltt=:fmIE9 o-:= ~ /J\c ~ 
-z_ --,.. 0)-k-h EB -/:, -::'s: r I~~>+.. -z_ + >+.. I~ ,,.,__. 1 _,._,.,__. 2 -f--,, 1- 7 ~'r--r.- 6 0) '=Ei±L::i:i:--' ~b I~ ~ ~ 1- ~ I~ r--r.-
"c.l 0 '-- X/J 7K '<'.!:. L "'.:) ~ '- [BJ()(_) "c.l 1-=: ()(_) I'-' ffi ' ffi "'° d-- u- ffi 7';:}}1!!.JI ~- ~\ '-~ ;I d-- '7 I'-' ffi 
5 v >:A' L 5 ~7Clm.llt1%'(:.;f3P'L f*ffiUt:[ll]OO ~ rtu~tk ;J. :::-A fJ A ~{k~ 9 .Q 2: ~ /J\:$lf ~ L 

(0037) 
~ t-::, ms v >:A' L s ~i, 1tffiU 0) oo O)~~Mif r*n=:J----iJ: < ~ t> 1 ~ OJ3te±J,~ ~~9 o 0 m 

5 v>:A'L 50J1tffiUOJOOt:.Btt.Q 13te±J,~J ~ii, ms v>:A'L 50J1tffiUOJOO~{k!J\1tffiU 
':xi L 'L l'!~)i:k/J'- G [ll]~{k ( ~ t-=: (i[ll]~{k!J'- G l'!~)l:k) t:t7] vJ Yb .Q,~ ~~DJK9 .Q c 3te±I 
,~ OJ1:\LU'r~i, m 5 v >:A' L 5 OJ 1tffiij OJ 00 vJ~~Mif pg c ~ t11-£7Clm/J" G "¥:1:¥1JrtiJ)7!--ffiU OJ ff~
OJ1:\LU'r,: jlljcU'r9 o 2: ~/J\c~.Qo :@i.*1%.~~,=~9 J: 7 ,:, m 5 v >:A'L 5 OJ1*ffiUOJ00~ 
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0' fJ: < ~ t> 1 "::) 0) 3t HE'~~~ 9 6 Jt;tk: ~ 9 6 ._: ~ '= J: !J ' t9'' = *M~~JIJ~ U) ./1'il i?l i'f~ \ = .B v '\ L 
, *$*~m~90*~0)~~oocm~~~)~O)AM~n~~<~00)~m~90..=~ 
fJf.C:: ~ 60 

(0038] 
J:.gcm1~n,,</ .::::(Lt= J:titt, ~ft~ L -cs~~ p 7 v > .:A'tJJmH=.B11 'le, m 1n'G5g s 

v > ;:( L 1 ~ L 5 0) b v >.A'~~ 0) tJJ nx ~~:@it L t-=: 0) C::, ~ffe ~ i2*1!Ht L -::J -::J, f6':i ftJlf! 1* 
'11=.j'jE~~9 6 v > .A'*~*Eil:: ~ 60 

(0039] 
._: O)mf* v >.A' L Ii, f6':i'l1=.j'jE1tO) t-=: 60 (:, m 1 v >.A' L 1 n' G 5g 5 v >.A' L 5 0) -f .t1-t 

,fluJ v > .A'O)j,-'~ < ~ t>-7]0)00\:, ?FD1<00~ fflP6 ..= ~ fJf.3l=t:@C::~6o 
(0040] 

*k.., m~v>~L~mnx96bv>~L1~Ls~milv>~-r::~<$v>~~90 
..: ~tJf.W* LPo bv>.:A'L 1~L50)P9tln'~tiilv>.:A'~ Lk..~i'JJ: iJ t>, ?Fl<l<OO 
ifJ:.tJf.c§-Pt::..60, b v >::::(O)~l:Jta ffi!J'.tJf.r'6'1 <~VJ, w.100t=~ffeO)f~~m1t~CR10 ..= ~ tJf.-r::~ 
6tJ'-G l::~ 60 

( 0 0 4 1 J 
~'X,:, tJJ:.O) J: 7 t=~Jinx~ tit-=m1~ v > .:::;z· L O):*d4:r\t= ~9 0 fl' m-B J: u"'~11*~ J: tJ ~:f 

~ffi(:~BJi9 60 
(0042] 

* 9, m 1 v >.A' L 1 O)~/~lfe?I f 1 .BJ: u"'~*O)~"~lfe?I f ti, UT O)=*f4:r\ ( 1) 
~if.iilJE 9 6..: ~ fJf.W* L Po 

(0043] 
1. 4<f/f 1<4 (1) 

=*14:r\ c 1) ti, m 1 v > .:::;z· L 1 u)~,,~lfe~t f 1'=xi90~*0)~,~lfem f O)ttO)W* 
L P~ftl'iiTilm~rJi/i.:9 6 t> O)l::~6o =*14:r\ ( 1) O)T~NLJT ~ fJ: G fJ:PJ: 7 ,:, m 1 v 
>.A' L 1 uJJffi=tff1J ~1lif*9 6 ._: ~ t: J: tJ, ~*O)Jffi=tff1J,=xi L cm 1 v >.A' L 1 O)JEO)Jffi 
t!f1JtJf.§§ < tJ: tJ 9 ~·9, W.iOOi=~ffe~i2~nHt9 6..: ~ -r:: ~ 60 =*14:r\ ( 1) 0) J:.~NtJJ:. ~ 
fJ:GfJ:PJ:-5,:, ml v>.:A'L 1 O)Jffirff1J~Mt=t~96C:~(:J:tJ, ~*O)ffirff1Jt:xiL'L 
m 1 v >.A' L 1 O)JEO)Jffir!f1JtJf.5~ < fJ: t) 9~·9, t9't:Lj(00l[Z~fJf._R3lt,=:fmIEC:: ~ 6 0 ._: 0) 
~11* ~ J: vJ r'6'160 6 t-=: 60 ,:, =*14:r\ ( 1 - 1 ) ~if.iilJ.E 9 6 ._: ~ fJf. J: !J 3zt * L < , =*f4:r\ ( 1 
- 2) ~if.iilJE 9 6..: ~ fJf.~ G t=W* L Po 

(0044] 
1. S<f/f 1<3. 5 (1-1) 
1. 6<f/f 1<3 (1-2) 
* t-=, m 2 v >.A' L 2 O)~,,~lfem f 2 .BJ: u-~*O)~,/~lfe?I f ti, t?JT O)=*f4:r\ c 2) 

~if.iilJ.E 9 6..: ~ fJf.W* L Po 
(0045] 

-3<f /f 2<-0. 8 5 (2) 
=*14:r\ C 2) ti, M 2 v >.A' L 2 O)~"~lfe~t f 2 t=xi9 6~317~0)~,/~lfe?I f oJJ::l::O)W* 

L P~ftl'iiTitm ~m.JE9 0 t> 0)-r:: ~ 0 0 =*14:r\ c 2) 0) T~NtJ T ~ tJ: G tJ: p J: -J ,=, m 2 v 
>.A' L 2 U) Jffitff1J ~ 7f.U~9 6 ._: ~ t= J: !J ' ~*O) ffitff 1J '=xi LL m 2 v >.A' L 2 0) Jffit!f 1J 
fJf.5~ < ~ VJ 9 ~·9, W.100\=~ffe ~*2*i1t9 6 ._: ~ C:: ~ 6 0 =*14:r\ ( 2) 0) J:.~NL?JJ:. ~~I~ 
tJ:P J: -J ,=, m 2 v > .:::;z· L 2 O)Jffittr1J ~w1=*:9 0 ..= ~ t= J: VJ, ~*O)ffitff:tJt=xi L -cm 2 
v >.A' L 2 O)Jffirff1JtJ>;§§ < ~ !J 9 ~·9, t9't=lml:_'E11x~~ .RW,=:fmIE9 0 ..= ~ tJf.-r:: ~ 0 0 

(: O)~jJ*~ J: !J r'6'160 6 k..60 (:, =*f4:r\ ( 2 - 1) ~~[leyJE 9 6 (: ~ fJf. J: vJ 3zt~ L <, =*f4:r\ 
(2-2) ~lf.iilJE.96..: ~fJf.~ Gl:W:t LPo 

(0046] 
-2. S<f /f 2<-0. 9 (2-1) 
-2<f /f 2<-0. 9 5 (2-2) 
* k.., m 1 v >.A' L 1 ~ m 2 v >.A' L 2 ~ O)i'JBX~,/~lfe~ f 1 2 .BJ: u"'~*uJ~,/~lfe?I 
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f ii, tJT 0*145'\ ( 3) ~~fliilJE 9 6 (: ~ 7J';:Slt-~ Lit "o 
(0047) 

0. 7 S<f /f 1 2<2. 5 (3) 
*145'\ (3) ti, mi v/;:(L 1 ~m2 v/A'L 2 ~0ii!Vt~,,~li1t!mf 1 2~::::xi96~ 

*0~,,~lft!m f 0tt0Pt-~ L P~frnLiTI!ttl~rJ!/1:9 6 '8 0cdt>60 *145'\ c 3) 0TPNtJT 
~ t~ Gt~ lt \ J: 7 i::::, m 1 v /A' L 1 ~ m 2 v /A' L 2 ~ 0t'Jmt.Jffitff1J ~ llif:',f:9 6 (: ~ ~= J: 
v) , ~*0 ffitff1J i:::: xi L cm 1 v /A, L 1 ~ m 2 v /A, L 2 ~ 0t'JJVtffitff1JiJ\~~ < ~ V) 9 
~"9, Pt-@i::::~fit~*E~11::96(: ~c~6o *145'\ (3) 01:.mtJJ::.~~Gt~PJ:-)t::::, 
5g 1 v /A, L 1 ~ m 2 v /A, L 2 ~ uJt'Jrftffitff1J ~ ~lt~9 6 (: ~ t:::: J: v), ~*0ffitff1J t:::: 
xi L cm 1 v /A, L 1 ~ m 2 v /A, L 2 ~ 0t'J.l'ftffitff1JiJ\5~ < ~ v) 9~"9, f~~::::f>J<TI0.4X~ 

.BJ: cf!liffil:.El{X~~ RPt-t:::::fllHE9 6 (: ~ fJ\c ~ 60 (: 05e1J5f!:~ J: vJ rtJJth 6 t:::..th t::::, *145'\ 
(3-1) ~~JE96(:~fJ\J:tJ:Szt-~L<, *145'\ (3-2) ~ifl!ilJE.96(:~/J\~Gt::::Pt
~ LPo 

(0048) 
0. S<f /f 1 2<2 (3-1) 
0. 9<f/f 1 2<1. 8 (3-2) 
~ t:::.., m 3 v /A, L 3 iJ" Gm 5 v /A, L 5 0€Jrft~,,~li1t!m f 3 4 5 ;G J: u"'~*01t,~lft! 

?fl f ii, tJT 0*145'\ C 4) ~~fliilJE 9 6 (: ~ fJ\Pf~ L Po 
(0049) 

-2<f/f345<0 (4) 
*145'\ ( 4) ti, m 3 v /A, L 3 iJ" Gm 5 v /A, L 5 0t'Jmt~"~li1t!it/l f 3 4 5 i::::xi9 6 

~*0~,,~lft!mf 0tt0Pt-~ LP~fll'H!iTI!ttl~rJ!/1:96 7:>0cdt>60 *145'\ (4) uJTP1.HJ 
T ~ t~ G t~p J: 7 t::::, m 3 v /A' L 3 iJ" Gm 5 v /A' L 5 0iimtlffitff1J~itlt~9 6 (: ~ t= 
J: VJ, ~*0 ffitff1Jt::::xi L cm 3 v /A, L 3 iJ" Gm 5 v /A, L 5 0t'Jl'ftffitff1JiJ\5~ < t~ v) 

9 ~'9, f~(:::: q::tFs~lfillflj ~::::;GPc, 7G$*~im~9 67G~&0~f*TID 0~1*~-=f-) ~uJ }dttflj 
fJ\j;.~ < t~ 6 0 ~trl1f!JU9 6 (: ~ fJ\c ~ 60 *145'\ C 4) 0 J::.pNtJ-1:::_ ~ t~ G ~P J: 7 t::::, m 
3 v / A'L 3 iJ" G 5g 5 v /A, L 5 0t'Jmtffitff1J~tlif:',f:9 6 (: ~ ~= J: VJ, ~*0ffittr1Ji::::xi 
L cm 3 v /A, L 3 iJ> Gm 5 v /A, L 5 vJt'Jmtffitff1JiJ~~~ < t~ t) 9 ~'9, Pt-@t::::~fit ~*E 

~11::9 6 (: ~ c ~ 60 (: 05e1J5f!:~ J: tJ rtJJth 6 t:::.. th t::::, *145'\ ( 4 - 1) ~ifl!ilJE 9 6 (: ~ fJ\ 
J: VJ Pt-~ L < , *145'\ ( 4 - 2 ) ~ ifl!il JE 9 6 (: ~ fJ\ ~ G t:::: Pt-~ L t "o 

(0050) 
-1. 5<f/f 34 5<-0. 0 5 (4-1) 
-1. 2<f/f345<-o. 05 (4-2) 
~ t:::.., m 1 v /A, L 1 0)t,~lft!m f 1 .BJ: u"'m 3 v /A'0J~t,~lft!m f 3 ti, tJT 0*14 

:r\ ( 1) ~~fl!ilJE 9 6 (: ~ fJ\Pf ~ L Po 
(0051) 

-0. 5<f 1 /f 3<0. 4 (5) 
*145'\ c 5) ii, m 3 v /A, L 3 0fl.L~lft!m f 3 t=:Xt9 6 m 1 v / A,0~.,~lft!m f 1 0 

tt0Pt-~ L Pf9.:111'LiTI1tt1~m!1:9 6 '8 0cdt>60 M 3 v / A'L 3 ~J't0Jffitff1J~~9 6 J: 7 
t= L t:::..miit::::, *·145'\ ( 5) 0 TPNtJT ~ t~ G t~p J: 7 t::::, m 1 v /A' L 1 0Jffitff1Jt=:Xi 
L -cm 3 v / A'L 3 0Jffitff1J~ili1:',f:9 6 (: ~ c, m 3 v / A'L 30j't0Jffitff1JJJ\m1 v / 
A'L l 0Jffitff1Jt=:xiLc5~<~vJ9~'9, Pt-@t::::~fit0*E*i11::~*f~c~6o m3 v/A, 
L 3 ~ IE0Jffitff1J ~~9 6 J: 7 1::: L t:::..m·€Jt:::, *145'\ ( 5) 0 l:.PNtJ.J::. ~ t~ G t~p J: 7 t::: 
' m 1 v /A' L 1 0Jffitff1Jt=xi L -cm 3 v / A'L 3 0)ffitff1J~ilt1:',f:9 6 (: ~ c, m 3 v / 
A, L 3 0 IE 0 ffitff1JJJ\m 1 v /A, L 1 0ffitff1J t:::: xi L c 5~ < ~ vJ 9 ~'9, f<!<TIO~X~ ~ R:Slt
t:::::fmIE 9 6 (: ~ fJ\c ~ 6 0 (: 05e1J5f!:~ J: tJ rtJJth 6 t:::.. th t::::, *145'\ c 5 - 1 ) ~ifliilJE 9 6 (: 
~ fJ\ J: v) Pf~ LP o 

(0052) 
-0. 4<f 1/f 3<0. 2 (5-1) 
m3v/~L30~~~0aa0~~~$¥~R3f.BJ:VM3v/~L30~~0aa0 

Apple v. Corephotonics Page 155 of 287 Apple Ex. 1011



J1Iij!ffie±J:$¥1~ R 3 r ~i, l~,ff ®*145:\ ( 3) ~ijleyJE 9 6.:: ~ fJ\:tif j: Lt "o 
(0053) 

-l<(R3f-R3r)/(R3f+R3r)<l. 2 (6) 
*145:\ ( 6 ) ti, m 3 v > ;;( L 3 ®W1*1F!U (/')TIO ®JlI!Jme±I:$¥1~ R 3 f .BJ: zY-m 3 v >A' 

L 3 (/') 1!<1F!U (/')TIO ®]lil!ime±I:$¥1~ R 3 r ®* :i L P~1tlliTil±tl ~ rJ!/E9 6 1:> (/') c ~ 6 0 *145:\ 
( 6) (/') TrNll T ~ fJ: G 7;r_ 1r \ J: 7 ,=, m 3 v > /;.' L 3 ®W1*1F!U (/')TIO ®JlI!Jme±I:$¥1~ R 3 f 

.BJ: u"'m 3 v > /;.' L 3 ®1!<1'f!U®TI0®Jlil!ime±I:$¥1~ R 3 r ~~!E9 6.:: ~ i= J: iJ, :t't-1001=~ 
~~*Rffi'1t96.::~c~6o *145:\ (6) ®J::-PNl1J::.~tJ:GtJ:v"J:7(=, m3 v>/;.'L3 
®W1*1F!U (/')TIO ®J1I!lmea:$¥1~ R 3 f -BJ: um 3 v > /;.' L 3 ®1*1F!U (/')TIO ®J1I!lmea:$¥1~ R 3 
r ~~'.fE'.9 6.:: ~ (= J: trJ, f<!<TIOllX~~ ~:tif(=:fmlE9 6.:: ~ fJ\c ~ 60 .:: oyS(:fJ*~ J: ~J rtiJ66 
6 t:::.. 66 (:, *-145:\ ( 6 - 1) ~jjleyJE 9 6.:: ~ JJ>; J: iJ W:i L Po 

(0054) 
-0. 6<(R3f-R3r)/(R3f+R3r)<l (6-1) 
:it:::.., m 5 v > /;.' L 5 ®~/12lfe?I f 5 .BJ: u"'~*®~vt2lfe?I f ti, UT ®*14:c\ ( 7) 

~)jleyJE 9 6.:: ~ fJ\:tif;i L Po 
(0055) 

-4<f /f 5<-o. 2 (7) 
*145:\ c 7) ti, m 5 v > /;.' L 5 u)~,,t2lfe~t f 5 i=xi9 o~*®~,t2lfem f ®tt®W:t 

L 1r >~ftlliTil±tl ~ 1J!!E9 6 1:> (/') c ~ 6 0 *145:\ ( 7) (/') TrNl'i T ~ fJ: G fJ: 1r \ J: 7 (=' m 5 v 
> /;.' L 5 (/') lffitff1J ~ MH~9 6 .:: ~ t= J: lrJ ' ~*®IE(/') lffitff1J i= xi LL m 5 v > /;.' L 5 (/') lffi 
tff1JfJ\5~ < tJ: l'J 9 ~"9» ~'¥(= !f:tFa~lilll~ i=.Bir --.--c, 7t'¥*~1ffiJ@I9 67G**-®7f.Ml<TIO (Wzil<~ 
~ > ~ (/') A~i~ fJ\* ~ < tJ: 6 (/') ~ tfflf!JU9 6.:: ~ fJ\c ~ 6 0 *14:c\ c 7) u) J::.rNL?JJ::. ~ 7;r_ G 
fJ:PJ: 7 (:, m 5 v /A'L 5 ®)ffi:j=ff1J~w1=*:9 6.:: ~ t= J: iJ' ~*®lffitff1Jt=xiL --C5g 5 
v > /;.' L 5 (/') FtBtff1JfJ\~~ < tJ: tJ 9 ~'9" 1J<TIO~ea ~ ~w,=:tmIE L-y-=» w.1001=~~®*R~ 
1t~~:El96.::~7J~c~6o (:®:;i:fJ*~J:iJrtiJ666k.66(:, mi v/A'L liJ"1~m3 v/ 
A' L 3 (l')-@nftftt!tff1JiJ~lEc ~ 6 ~[§J-(: BP'L' *145:\ ( 7 - 1 ) ~)jleyJE 9 6.:: ~ fJ\ J: !) * 
:i LPo 

(0056) 
-3<f/f 5<-o. 4 (7-1) 
:i k., ~*®~,/~file?I f' ¥lilll~ (;), m 5 v /A'L 5 OJfl<1F!U®TI0®]lil!ime±I:$¥1~R 5 r 

ti, ll T ®*14:c\ ( 8) ~ ljleyJE 9 6.:: ~ fJ\:tif :i L ir "o 
(0057) 

0. 5<f·tanuJ/R5r<lO (8) 
*145:\ ( 8) Ii, m 5 v > /;.' L 5 ®1!<1F!U®TI0®Jlil!ime±I:$¥1~R 5 r (:xi9 6JlI!Jffi1*rtiJ ( 

f · t a n w) (I') J::[:®:tif :i L P~ftlliTil±tl ~M/E9 6 1:> (I') c ~ 6 o *145:\ ( 8) uJ TPNll T 
~ i:r_ G i:r_ P J: 7 t=, M 5 v > /;.' L 5 ®1*1F!U®TI0 ®Jlil!ime±I:$¥1~ R 5 r (=xi9611Il!im1l<rtiJ ( 
f ·tan w) ~~'.fE'.96.:: ~c, J1Il!im1l<rtiJ (f ·tan u)) t:xiL--CWz1*v>/;.'®~1:> 

1!<1F!U®TI0c~6m 5 v > /;.'L 5 ®1!<1F!U®TI0®Jlil!ime±I:$¥1~R 5 r ®*Exi1tilfJ\=*:~ < i:r_ !J 9 
~"9» ~~®*li*i1t~*:ElL~~, 1l<TIO~ea~+7t,=:fmlE96.::~fJ\c~6o :it:::.., *f4 
:r\ ( 8) ® l:.PNl'll:. ~ tJ: G tJ: P J: 7 t=, m 5 v > /;.' L 5 ®1!<1F!U ®TIO ®JlI!Jme±I:$¥1~ R 5 r 
(=xi9 6 }lil!im1l<rtiJ ( f · t a n w) ~ ~!E9 6.:: ~ c, 11Il!im1l<rtiJ ( f · t a n w) t:xi L 
--cWz~v>~®~t>~~®TIOc~omsv>~L5®~~®TIO®J1I~ElB:$¥~R5r®~ 
xiftilfJ\1j\ 2= < tJ: !J 9 ~'9» ~'¥t= !f:t Fa~lilll~ (:.Bir" 'L, 7t'¥* ~ JffiJ@I9 6 7G*l®7fta1l<TIO (Wzil< 
~~) ~uJ A~i~ fJ\=*: ~ < i:r_ 6 ® ~tfflf!JU9 6.:: ~ fJ\c ~ 6 o .:: ®::i:fJ*~ J: !J rtiJ66 6 t::. 66 (= 
, *14:c\ ( 8 - 1) ~ljleyJE 9 6.:: ~ fJ\:tif ;i L 1r "o 

(0058) 
0. 7<f ·ta nw/R5 r<3 (8-1) 
:i k., m 3 v > /;.' L 3 ®~,,t2lfe?I f 3 .BJ: u"'~*®~,/~lfe?I f ti, L?J T ®*f45:\ ( 9) 

~ jjleyJE 9 6.:: ~ fJ\:tif :i L Po 
(0059) 
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-0. 9<f /f 3<0. 7 (9) 
*14.:c\ (9) ~i, m3 v/_A'L 3 OJ~_,r~~lfeWlf 3 i:::xt96~*0)~,Blfemf OJltOJ:W-;t 

L- P:£9:1n'LiTIII£! ~:m,):E9 6 '8 OJc ~ 6 o m 3 v /_A' L 3 ~~ OJJffitJT1J ~:ff9 6 '8 OJ~ L- t-:~ 
iii=, *f4.:c\ c 9) 0) T~Nt::J T ~ t~ G Id': 1r--. J: -J i=, m 3 v /_A' L 3 u) FtBt!Tn ~ *t1=J¥9 0 ..= 
~ t= J: VJ' ~~~O) lffit!T1J t=xt L- L m 3 v /_A' L 3 O)~ 0) Jffit!T1J7J~5~ < t~ VJ 9 ~'9" :W-.II~H= 
~-!it~*E~11::96..: ~/'J{c~6o m3 v/_A'L 3 ~IEOJ!ffit!f1J~:ff96 t>OJ~ L-k~iii::: 
, *14.:c\ ( 9) OJ J:-PNL::Jl:_ ~id': Gt~ i, "J: -5 (:::, m 3 v /_A' L 3 OJ Jffit!T1J ~ il'i1¥9 6 ..: ~ '::: 
J: VJ, ~*OJFtBt!Tni=xt L- -cm 3 v /_A' L 3 0) IEOJFtBt!T1J/'J{5~ < t~ VJ 9 ~'9» r<1<rm1lX~~ 
N:wi=1mIE96..: ~/'J{c~6o ..:OJ~1J~~J: tJ rtMiJ6t-:(})t:::, *14.:c\ (9-1) ~~JE9 
6 (: ~ /'J{J: VJ 5ztj: l- Po 

(0060) 
-0. 4<f /f 3<0. 5 (9-1) 
j: t-:, m 3 v /_A' L 3 ~ m 4 v /_A' L 4 ~ OJ7Cl!iffil:_O)Fifl~D 7 ~ ~*U)~,,BlEem f ~i, 

L::JT OJ*14.:c\ ( 1 0) ~ifiiilJE 9 6..: ~ /'J{:W-:i l- Po 
(0061) 

0. 0 5<D7 /f<O. 2 (1 0) 
*14.:c\ c 1 o) ~J::, ~~~O)~,,BlEeWt f t= xt9 0 m 3 v / ;;( L 3 ~ m 4 v /_A' L 4 ~ OJ7t 

ll!ffil:_OJFa~~D 7 OJl::LOJ:W-;t l-P~ftl'LiTIIIfl~rJi'.ZE96 '80Jc~6o *#.:c\ ( 1 O) OJT~li 
T ~id': G t~i, \ J:-) (:::, ~*O)~,,BlEem f '=xt l., -cm 3 v /A' L 3 ~ m 4 v /:A' L 4 ~ OJ7t 
ll!m 1:_ OJ Fa~~ D 7 ~ il'i1¥ 9 6 ..= ~ t = J: vJ , ~-ft~ f~*fili'L L- k :t$Jii t = 3%1=. L-~ 91, ":ffi ElE l{X~ ~ 
:W--1~H:::t[!Jf!JU96..:~7J{c~6o *'f't.:c\ (1 o) OJL~NL::Jl:_~t~Gt~PJ:-Ji:::, ~*OJ~,,B 
Rem f '=xt L- -cm 3 v /_A' L 3 ~ m 4 v /_A' L 4 ~ OJ:YCl!imi:_O)Fa~~D 7 ~Mtt~9 0 ..= ~ '= 
J: VJ ' 3F ,BlfX,~ ~ N::W-i = 1mIE 9 6 (: ~ /'J{c ~ 6 0 (: O)~jJ~ ~ J: iJ rtiJ (}) 6 k (}) t=' *'14.:c\ ( 
1 0-1) ~~JE96(: ~/'J{5zf;i l-Po 

(0062) 
0. O?<D?/f<O. 17 (10-1) 
!xt:::, LKI 2 ~LKJ 6 ~$~.~ L-id':/'J{ G, ::zls:3%8Ji O)i,g 2 JJ" Gm 6 O)*:f%J0@(:::f*6~1* v /_A' 

i=-=> Pc~:f*mi:::g£BJi9 0 0 LKJ 1~cm6 i=~9m 1 lJ" Gm 6O)*J'.rt!!Jt;@i=1*0~1* v / _A'~J:: 
, ffil v/_A'L 17J"Gms v/_A'L 50J9~-COJrm/'J{3Ff<l<rm7b~~~tt-CL"6o ;tt-:, ::zls: 
:¥E.BJ=JOJm 2 h" G ffi 6 OJ*:litEib@,=1*6~1* v / _A'ii, m 1 uJ*:litEib@~ fDJ~}JZt:::, W1:tffiU7J" 
GJl[lH:::, IEOJJffitJT1J ~:ff l,,, Wf:fffi!H::: 8 rm~ loJ~tk ;C:=-_A ::h _A]b~c~ 6 ffi 1 v /_A' L 1 
~, liliJ[LJ]Jb~c~ 0 m 2 v /_A' L 2 ~, w1:t1~m= c:J rm~ loJ~tt-:: ;><.::=._A ::h A lbtkc~ 0 m 3 
v/_A'L 3 ~' 1*1'f!Ui=8rm~loJ~tk/<.::=._A7J_AJb~c~6ffi4 V/A'L4 ~' ~OJJffit!T1J 
~:ffL,, i*ffiUOJrm,:::J;,t~ < ~ '8 1-=>OJ3teE,B~:ff96m5 v/_A'L 5 ~7J.,Gt~mt~tt6* 
J1flfH::: 51!2!IOJ v / _A'/'J" Gt~mt~ tL6o ..: OJk(}), t::JT OJffi 2 h" G ffi 6 OJ*:litEJb@i:::.BP-C 
ii, :3- v / _A'fi:f~;f1!Jffl<:9 6:3- v / _A'O)flhOJ~$*ffit~;f1!JBX;,:::-:=>P-C OJh-g£8Ji9 60 ;t k, m 1 
JJ" G ffi 6 OJ*:litEib@OJFa~clLlr "'=~iffi9 6t~mtOJ1tf!i~1J~li--f tt-ttl-fDJ t>ftf!i~1J~~:ff9 
6 k (}), *:litEib@OJJl[~l]l~/'J{¥ Ir" '8 OJ t=:-=> Ir" -C t~mt.B J: V"--f OJ·ft f!i~1J~ ~ g52,B}j L,, --f OJfthOJ 
*:litEJb@uJ~Jffi9 6;f1!Jmt.B J: u--f OJ1titi~1J~OJ£~g£8Ji ~'B~llft9 60 

(0063) 
LKl2':::~9mzOJ*:litEib!~,~H:::1*6~1*v/_A'Lii, ml OJ*:litEib@~i,gl v/_A'L 17J" 

I~ ffi 5 v /_A' L 5 0) v / _A'O)t~mt~~iffi~ L- Lt~ iJ' (:ti G 0) v / A'OJ:3-t~mt'= J:tt~tffi 

1 OJ*:litEib@OJ--f tt-tttxtJIG9 6 t~m<: ~[DJ L:>ftf!i~1J~7J~1~ G t16 o 
(0064) 

;t k, LKI 3 i:::~9M 3 OJ*:litEib@OJ J: -5 (:::, ffi 5 v / _A'L 5 /'J{liliJ[LJ]7f~~~:ff9 6 J: -5 '::: 
t~,BX;L,, ms v/_::;(L 5/'J{lili][LJ]Jb~~:ff96..:~~~lr"c, ml OJ*:l.ftE]b@~m1 v/_A' 
L 1 JJ" G ffi 5 v /_A' L 5 OJt~mt~~iffi~ L, -C '8 J: Ir "o m 5 v /_A'~ lili][LJ]Jbtk: ~ 9 6..: ~ c 
, 5~P~uJJffit!f1J~--9--;t6..: ~ /'J{DJl'j~~ t~ iJ, ~-ft~:W-:@t:::*E~©1Lc ~ 60 ;t k, ffi 3 OJ 
*:litEJb@(:::;BP-C, ml OJ*:litEJb@~~iffi96ml v/_A'L 17J"Gm5 v/_A'L 50J:3-t~ 
mt\: J: -:>-cm 1 OJ*:litEib@OJ--f tt-tttxtJIG9 6t~mt ~ roJ t: ftf!i~1J~/'J{1~ G t16o 
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(0065] 
~ t-::, LKJ 4 i=~9m 4 O)*Jri!!Jf;~O) J:: ·=H=, m 3 v //( L 3 ~**m11i1tcjl O)Jffitff:tJ~ 

:ff9 6 J:: 7 i= t~nix: L, m 3 v > _::;( L 3 7'.J{:7t*m11i1tcjl 0) lffitff :tJ ~ :ff9 6 -:= ~ ~ P#: p -c m 
3 uJ*tfiEJf1~~ m 1 v > _:::( L 1 i.J" Gm 5 v > _:::;( L 5 O)t~.Q)(;~~ifil~ L -CB J:: Po m 3 v > 
.A' L 3 ~**m11i1tcjl O)Jffitff:tJ~:ff9 6 t> 0) ~ 9 6-:= ~ i= J:: 1;, e.4X~~ ~Ptt=:fmIE9 6 
2:~7'.J{c~6o ~t-=:, m40)*1fiE7f1~(=BP-C, m30)*1fiE~~~~ifil96ml v>.:A'L 
1 i.J" Gm s v >.A' L s O)~t1!lmt'= J:: -:7 -cm 3 O)*tfiE~~O)-f n-Znx1ns9ot~Q)(;~1DJ t: f-f 
Jt=L~:!J~7'.J{1~ G t16 o 

(0066] 

LKJ s '=~9m s 0)*1fiE~~t=1*6~1* v>.:A'Lii, m4O)*tfiE~~~m1 v> .:A'L 1 i.J" 
Gm 5 v >.A' L 5 0) v > _A'O)t~mt~~ifil~ L -c B V)' -:= n G 0) v > _A'O)~t~ro<:t= J::nitm 
4 O)*tfiE~~O)-f n-ZnxiMS9 6 t~ro<: ~ IDJ t:WJ=t=L~11~1J~1~ G n6 0 

(0067] 
~ t-=:, LKI 6 t=~9m 6 0)*1fiElf1~0) J:: 7 i=, m 5 v >.A' L 5 ~ 11CffiU'= [l!J[fil ~ loJ~t t-=: ;JC:::: . 

.A 7J .A~:{:k: ~:ff9 6 J:: 7 t=t~Q)(; L, m 5 v >.A' L 5 7'.J{11CffiUt= [l!J[fil ~ loJ~tk ;!- ~.A 7J .A ~tk: 
~:ff9 o-:= ~ ~P#:J, -.-c, m 4 O)*tfiE~~~m 1 v > .:A'L 1 i.J"G ms v > .:A'L s O)t~nx:~~ 
ifil~ L -C '8 J:: Po m 5 v >.A' L 5 ~f*ffiUt=[l!JOO ~ loJ~tt-: _;Z ~.A 7J .A~tk:~:ff9 6 '8 0) ~ 9 
6-:= ~ t= J:: V)' ~~~3zt]~H=-*liffi11::c ~ Oo ~ k, m 6 O)*tfiE~~t=.BP-C' m 4 O)*tfiE 
~~~ ~1m9 om 1 v > .:A'L 1 i.J" Gm s v > .:A'L s O)~t~mt'= J::-:7 -cm 4 O)*tfiE~~O)-f 
n-ZnxifilS9 ot~Q)(; ~ IDJ t:-f-'t'Jit~:!J~f.J{1~ G n6 0 

(0068] 
1-_ll:_g£BJj L k J:: 7 i=, *:¥£BFJ 0)*1fiE~~,=1*6f~11C v >:A''= J::nit, ~1* ~ L -C 5 ~ ~ 

i," 7 v > .:A't~mtt= .t~ i, '-C, ~ v > ;(~~ O)t~Q)(; ~ :l&.10011:: L k 0) c, ~~ ~ -*liffi11:: L ~ ~, 
rB1M1*1i'il'i~~:ff9 6 v > .:A';f~~*IYic ~ 60 

(0069] 
~k, }00'§:3zt~ LP*-fi:~~rllilJE962: ~c, J:: VJ f8jPif;511C+.11'i~~*I~c~6o ~t-=:, * 

*1fiE~~t=1*6~11C~i!"l'.I= J::nit, **11iE~~t=1*6rB1 11'11'i~0)~11C v/ .A't= J::-:7 L~M~ 
nt-=:7t"¥11Ct=MS t: t-=~11C1g~ ~ te 119 6 J:: 7 i= Lt-= 0) c, g::i 1L.\tilllflJ i.J" G ffl!JZI!illlflJ ~ c rB1Plli! 
11CO)~:li0tilll11C~1~6 2: ~ 7'.J{c ~ 60 

(0070] 
~t=, *:¥£8Jj0)*1fiElf1~t=1*6~1* v > .A'0)~1*fi\1iJ:~fil'f.*11iE1JUt=~P-Cg£BJj9 60 l-.1 

T'c ii, ~~ O)~·fil'I.*11iE1VU ~ ~ ~ (:J)-C g£BFJ9 6 o 

(007 lJ 
1ftt~O)* 1BJ::(.;'\*2 ~i, LKI 1 i=~ L k~11C v > _A'O)t~nxi=xiMS9 6~1*S'ltct v > .:A'-7 

- :7 ~~ L -c P6 0 ~~'=* 1 t= (i-f 0)£*S'liJ: v > .:A'-T'- :7 ~~ L, * 2 t= ii?Ff<l<OOI= ~ 
96-7-:7~~90 * 1 l=~Lt-: v>.:A'-T'-:7t=-B~t600fil~S i 0)$1\=ii, *11iE1VU 1 '= 
1*6~11Cv>.A·i=~P-c, :l&t>f!J)1*ffiUO)v>.A'~~O)oo~ 1m§ c~o~V.J st~ 1m§ 
) ~ L -c' 11CffiUt= fOJi.J" 7 t=iti:PJl~~tw1Jo9 6 J:: 7 t= L -Ctt~~1i L k i fil § O)[filO)fil~~ 
~ L -C P 6 o Eltl-'¥¥1£ R i 0)$1'= ii, LK! 1 '= BP-C 1i L kf-f~ R i l=xiJ!iS ~ -1±-C, f!J)1*ffiU 
7J-. G i fil§ O)[filO)EltJ4"-¥1£0)1il'J. (mm) ~~90 OOFa~~D i 0)$1,=~P-C '8, IDJt~H=f!J)1* 
ffiUi.J"G i fil§ O)[fil S i ~ i + 1 fil§ O)[fil S i + 1 ~ 0):7t*lhl:_O)Fa~~ (mm) ~~90 Nd 
j 0)$1'= (i, f!J)1*1'flU7J" G j fil § 0):7t$~~0) d ~-* ( 5 8 7. 5 6 nm) l=xi9 6 Jffitff-'$0) 

1il'f. ~~90 v d j 0)$11= ~i, f!J)1*ffi!Ji.J" G j fil § 0):7t$~~0) d **'=xi9 6 7 '>' ~~O)fil'J. ~ 
~9 o iJ: B, ~ v > .:A'-T' - :7 t= (i, §1'1-7- :7 ~ L -C, ~*O)~,,~ii!Eitl f (mm) ~ /\ '>' -!7 
/7J-7J:AB f (mm) ~ v>.:A'~~TL (mm) O)fil'J_~-ft1.Zt1~9o i;t;B, 2:0)/\,y 
-!7 7 7)-jJ AB f ~iSg:7\~l'! L kfil'I. ~* L -c B V)' v >.A'~~T L t=si, "c /\ ''/ -!7 7 7)-

71 .A7Hil0Jt5ft=Sg:7\~l'! L tdil'f. ~ ffli, "c i, "oo 
(0072] 

-:= O)*tfiE-fVU 1 i= 1*6 ~1* v > :A'ii, m 1 v > ;( L 1 7'.J'> Gm 5 v >.A' L 5 0) [ffi][fil7'.J{9 ~-c 
?Ff<l<OO~~tk ~ iJ:-J -c P 6 o * 1 0)£* v > .:A'-T'- :7 t= ~i, -:= n G O):JFf>J<lJilO)EltJ-'$¥1£ ~ L 
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L' 7'tilim]ft1'1!¥0J8B-$-='¥1~ Crftil!m8B-$-='¥1~) OJ7!&fii ~~LL p 6 0 

(0073) 
~ 2 '::ii*tfili.iYU 1 OJt~11< v / .::;((::.:S~t 6:1Ff3.1<0'07'-::7 ~~90 :1Ff3.1<0'07'-::7 ~ L c~L 

k7!&:1li,=.:8Pc, gc~ "E" ii, .:COJZ\'.,=MC<7!&1iih~l 0 ~Ji;~ Lk "~~lli7!&:" c~6 
C: ~ ~~L, .:COJ 1 0 ~Ji;~ Lklli7!&:~7!&:c~~tl-67!&:1!ih~ "E" OJ~UOJ7!&1iit::*l!~tt 
62:~~~90 1§U;tl;,t 11. OE-02J c~ttit, 11. OXl o-2J c~62:~~ 
~90 

(0074) 
:1Ff3.1<0'07- ::7 ~ L c ii, ti~ OJ:c\ (A) t:: J:-:/ c ~~ tL6:1Ff3.1<0'070tk:OJ:r\'::.:S~t 6:@t1* 

7!&:A i • KA OJ1ii ~ gc9 0 z ii, J: !J §:f L < ii, 7Cil!mi:r• G !% ~ h OJ1J'.LU"Lt= ~ 6 :1Ff3.l<TIIJJ:.O) 
,~lJ'-G, :1Ff3.l<D'OOJT:lt~OJf~-'faa C7Cil!mt::~~~-'faa) t::~;s Lt-=~*IOJ.ft-~ (mm) ~~ 
90 

(0075) 
Z = C · h 2 / { 1 + ( 1 - KA · C 2 · h 2) 1/2} + :L A i · h i · · · · · · (A) 

kt!. L, 
Z: :1Ff3J<[l'j]O)~~ (mm) 
h: 7'til!mh"G v/.:::([l'j];t'COJ!i1E~ (!%~) (mm) 
C : Jftil!m8B-$= 1 / R 

( R : Jftil!m8B-$-='¥-f~) 
A i : ~ i Z\'. ( i ii 3 t1J:.OJ~7!&:) OJ:1Ff3.1<001*7!&: 
K A : :J F f)j( 001*71& 
~960 

(0076) 
t1-1:.0J*tfili.1§U 1 O)mfl< v / ;J::.' ~ [DJ;f~H= LL' lKI 2 '"'-'lKI 6 t=~ L t-:m11< v / ;7:.'0)~#fmtt=xi 

MS96~1*ffJ~v/.::;(7'-::7~*11ili.1JU21J'-G*tfili.1§U6 ~Le, ~3'"'-'~1 2'=~90 2:tl 
G O)*Jfili.1§U 1 ,...__, 6 t= 1*~6 m11< v / ;J::.'c ii, ~ 1 v / ;J::.' L 1 h" G ~ 5 v / ;J::.' L 5 O)FrDjTil]lJ~9 
~ c ?Ff3.1<0'070~t*: ~ tct -:/ c i, '6 o 

(0077) 
~.:S, *1.Tili.iJUH:: .:SP c ii, ~ 1 v / ;J::.' L 1 vJD'OTJl:,~h" G 1f<1J{U,,, o. 1 o 1 mm OJ1J'.L@'. 

t::~f~lJ~l. 6 7 5mm0), *11ili.1§U2t::.:8Pcli0. 101 mmOJ1J'.L@'.(::~f~lJ~l. 6 7 
0 mm0)7 v7*5[!1) lJ~!1lic@'.~tlcP61J\ ~ 1, 3 t::.:8Pciit''fMi2tLcP6c lKJ 8 (A) 
,...__,CD) ii-ttt-ttt, *1.Tili.iYU 1 OJm1l<v/;J::.'t=.:S~t6L1<aa1rx.~, :JF/~irz~, 7'1 A f---y 
3 / (ffi8Bl[Z~) , 1if-$E.1[X,~ (fif-$OJEl[X,~) lKI ~~ L c P 6 o f3J([l'j]1[X,~, :JF/~1[\~ ( 
1f<D'O~SB) , 7' 1 .A }'- - y 3 / (ffieEi[Z~) ~~9:@tJlX.~lKJt:: ii, d ** ()E!z.ft- 5 8 7. 5 
6 nm) ~£~~EZ:.ft- ~ L kl{X~ ~~9 a f3.l<TIIJ![Z~lKJ, 1if-$ellX.~lKI t:: ii, g *lC~&'..ft-4 3 
5. 8 3 nm), F*lCiW.ft-4 8 6. 1 nm), .:BJ:uC¥t'R CiEZ:.ft-6 5 6. 2 7 nm) t::--:J 
PcOJ![Z~ti~9o :JF,~l[X,~lKJl::.:BPc, **lii-tt:/::7Jv/Jrtu (S), ~&*lii::7/:/x/ 
Y-t>Jv/Jrtu (T) OJJ{X~~~To ;tt.:, Fno. iiF-T/f\-~, 0:di-='¥@1"~.::Ctt-ttl 

~90 
(0078) 

[DJ;f§H::, *tfili.1§U 2 h" G *tfili.·f§U 6 OJm1* v / ;J::.'t::--:J Pc OJ§1!JJlX.~~ lKI 9 (A) ·"-" ( D) lJ'-
1~ lKJ 1 3 (A) ,...__, (D) \::~90 

(0079) 
;tk, ~ 1 3 t::ii, ::zls:JEBJH::1*6:@t*·f:tx\ ( 1) ,...__, ( 1 O) t::~961li~, :@t*tfili.1§U 1 

"-" 6 t::--:J Pc .::Ctt-ttl ;t ~ t1J k ti OJ ~~90 
(0080) 

tzJ:. OJ:@t7!&:·fii 7' - ::7 .:SJ: u:@tl[Z~lKJ h" G :5t!J'- 6 J: 7 t=' :@t*tfili.1§U t= --:J l, \ L' ~ft-~ f2~ 
11 L ~ lJ~ G ti!% i, 'ti:a1* 1!1:~t/J~*I~ ~tic lr '6 o 

(0081) 
~.:B, ::zjs:JE,8F}O)m1* v / ;J::.'t:: ii, *1.Tili.70~.:S J: u"':@t*tfili.1¥Ut=~NIE~ ti 9fi q JJ3~:Jf~*tfili. 
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iJ~OJ/'jEcdboo fU;tVf, ~v/:A'mt7J-U9SB-$¥1o£, TIDFa~r/.t Jlli:f!f-$, 7,y~~, ;1Ff<l<TID1* 
i~ ()') f!i'f.tct ~, 1i, ~~fli'!.*.iiflHl{Uc;;r;: LJ: fli'!.t~ rNJI: ~ ,fl.<f» ft!I.U9fli'!. ~ ~ VJ 1~ Q 0 

(0082) 
~ t::., ~*MEfU c ii, 9 ~ --c IJI!IJI:~,,~c rim 9 o ~u:f:l! c ()') gcii ~ ~ tt --c L "o iJ\ 7 71 -

7:J .Ailffl.l~DJl'jEtct~#mt~ 9 o--= ~ '8 DJ/'jEcdboo fYU:tii v / 7:'*@1*~~ VJ I±\ t,, k.. ~J, ~fm 
()') v / .::;(~7[;iJ!iJJ:. ci1JiJ" t,, --c :;t- r- 7 71-7:J .A DJl'jEtct~#mt ~ 9 o c: ~ t DJ/'jEc db o 0 

(~ 1) 

~·MR19ij1 
f=4.126. Bf=1.11 L, TL=4.137 

Si Ri Di ndj v dj 

*1 1.23831 0.557 1.54488 54.87 
*2 93.70148 0.015 

3(00 D*~'-)) 00 0.085 
-·-----~-- r---·--·-

*4 -12.66265 0.334 1.63351 23,63 
*5 2.60879 0.243 
*6 3.15915 0.253 l.63351 23.63 
*7 4.55163 0.506 
*8 -·3.56285 0.379 1.63351 23.63 
*9 -·3.58353 0.253 

*10 1.98236 0.396 1.54488 54.87 
*·11 1.23910 0.500 
12 00 0.300 1.51633 64.14 
13 00. 0.413 
14 00 
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(~2) 

[if~~ KA 
1 9.7589122E-01 
2 1 .0000090E+OO 
3 -1 .6 800000E+OO 
4 3.1182039E+OO 
5 6.9999076E-0·1 
6 1 .0000249E+OO 
7 -2 .1OOOOOOE+O1 
8 -2.8556198E+OO 
9 -1.4000005E+O1 

10 -5 .90 7 7860E+OO 
AlO 

1 4.0997871 E-01 
2 -2 .035 7974E-O1 
3 --3.8447870E-01 
4 1.7803254E+01 
5 4.9267886E-01 
6 1 .4186946E-01 
7 -4.7544883E-01 
8 3.2819033E-·02 
9 1.2737276E-02 

10 4.5143417E-02 

(~3 J 
~1illif$112 

~Afli~IJ1•3~J*iif-f'-~ 
A4 A6 

-2.672911 BE-02 4.7204449E-02 
-7 .9154953E-02 8.3384460E-02 
-3.8300234E-02 3.74581 SOE-01 
- 7 .3 70 7 562E-02 1.2126243E+OO 
-2.6329653E-Oi 2.4873.l 69E-01 
-1.9056021 E-01 1.2088188E-01 
- 7 .2840681 E-02 -3.328465.3E-01 
-1.2163394E-01 1.7522.262E-02 
-4.3055564E-01 2.7976405E-01 
·-2.7520458E-01 2.0923136E-01 

A12 A14 
-4.5226437E-01 1.0665075E-·01 
-9.6694982E-01 2.19.15571 E+OO 
-3.1121039E-01 2.3020800E+OO 
-3.9765240E+01 4.8323265E+01 
-2.4199414E+OO 3.4571789E+OO 
-2.2779898E-01 -1.5644448E-02 

2.5326186E-01 -1.5953212E-02 
·-8.82565 72E-03 -7.6808797E-03 

1.7450700E-03 -6.1 232.629E-04 
-1.0711328E-02 1.3898779E-·03 

f=4.119, Bf=1.069, TL=4.120 
Si Ri Di ndj 1J dj 

*1 1.23597 0.557 1.54488 54.87 
*2 15.97054 0.020 

3(fmD~t.)) co 0.081 
--~~~- -· 

*4 -19.29047 0.334 1.63351 23.63 
*5 3.10552 0.243 
*6 2.53139 0.265 1.54488 54.87 
*7 2.70709 0.506 
*8 -3.97938 0.417 1.63351 23.63 
*9 -2.24497 0.258 - -- -

*<10 5.09366 0.370 1.63351 23.63 
*11 1.57691 0.500 
12 00 0.300 l.51633 64.14 
13 00 0.372 
14 00 

AS 
-2.6218167E-O 1 
-6.l 197888E-03 
-2.7551 593E-01 
-4.9458531 E+OO 

6.8422800E-02 
7.8189995E-02 
5.2042516E-01 

-1.0676210E-02 
-9.4994461 E-02 
-1.1952221 E-0·1 

A16 
-8.1871346£-02 
-·1.2401354E+OO 
-1.6056084E+OO 
-2.3566996E+O 1 
-1.8021267E+OO 

4.4672840E-02 
-2.5450777E-02 

3.0337699E-03 
3.335087 7E-05 

- 7 .1397 774E-05 
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(~4) 

mi*~ KA 
1 -6.9000900E-O 1 

2 1 .OOOOOOOE+OO 
3 1.0000000E+01 
4 3.1182039E+OO 
5 3.1872442E-·01 
6 -5.0999884E-01 
7 -8.87453 ·1 sE--01 
8 -2.3946942E+OO 
9 -1.0079967E+01 

10 -1.3546000E+Ol 
AIO 

1 7 .3975458E-O1 
2 -3.1 'l47565E-01 
3 -7.7126641E-01 
4 1.1724933E+01 
5 6.46391 21 E-01 
6 8.7809423E-01 
7 -8.5699151 E+OO 
8 1 .8481830E-02 
9 5.3075607E-02 

10 5.0295407E-02 

(~5J 

~1illif$113 

~n1E~J2 • 3FnJrtm-f'-?z 
A4 A6 

7.8401227E-02 4.8 724169E-02 
-1A1 79856E-01 1.2622836E-01 
-7.7610199E-02 4.1593603E-O 1 
-3.5937525E-02 9.8686897E-01 
--2.7915 ·128E-01 2.8423559E-O 1 
-1.9620120E-01 1.1264694E-01 
--7 .2840681 E-02 -6.8446726E-01 
-2.3349899E-01 8.5626683E-02 
-7 .6948035E-01 7.1798466E-01 
-3.4848072E-01 2.9750460E-01 

A12 A14 
-·t .2853745E+OO 1.0201759E+OO 
-2.5924164E-Oi ·1. i 354658E+OO 

9.2770917E-01 5.6561007E-01 
-2.7522413E+01 3.6433963E+O 1 
-1 .6044352E+OO 2.2177373E+OO 
-1.2333009E+OO 8.1561032E-01 

1.3930093E+01 -1.1707336E+01 
-7.3019643E-02 6.502191 7 E-02 

1.4586291 E-03 -1.9559157E-03 
-9.7601077E-03 1.0070371 E-03 

f=4.117, Bf=1.123, TL=4.117 
Si Ri Di ndj v dj 

1(~D*'1t)) 00 -0.252 
*2 1.21258 0.482 1.54488 54.87 
*3 11.57312 0.141 

~-

*4 -7.67379 0.202 1-63351 23.63 
*5 3.45544 0.338 
*6 5.09875 0.287 1.63351 23.63 
*7 114.62892 0.582 
*8 -2.51969 0.364 i .54488 54.87 

*9 -l.10708 0.345 - --
*'10 -2.07885 0.253 1.54488 54.87 
*11 2.90776 0.500 
12 co 0.300 1.51633 64.14 
13 00 0.425 
14 00 

AB 
-3.1032450E-O 1 
-3.1360196E-02 
-1.7738968E-O1 
-3.2805080E+OO 
-2.1820589E-0·1 
-3.2207096E-01 

2.6980741 E+OO 
-8.4780380E-02 
-2.9903150E-01 
-1.5469280E-01 

A16 
-4.1573183E-OI 
-7.4361120E-01 
-8.0673585E-01 
-1.9556633E+01 
-1.l204967E+OO 
-1.8182400E-01 

3.64 1 4691 E+OO 
-6.0493130E-03 

2.1244648E-04 
-4.1856063E-05 
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(~6 J 

mi*~ KA 
1 -5 .9 868050E+OO 
2 1.9240955£+00 
3 1.0921760E+01 
4 4.2 7028 7 7E+OO 
5 -3.0446805E-·O1 
6 -4.165281 SE+OO 
7 1.5660356E-·O 1 
8 -2.5416033E+OO 
9 -2.8886199E+01 

10 -9.1851222E+OO 
AIO 

l -4.6930095E+OO 
2 7 .241 ·1728E-0·1 
3 3 .6 385814E+OO 
4 4.0930579E-01 
5 5.3246530E-01 
6 2.7793661 E+OO 
7 -5.4851430E-O1 
8 -3.2780850E-01 
9 -6.4447571 E-05 

10 3.7535798E-02 

(~7 J 
~ n'tfi 1·~1.14 

~n1E~J3 • 3FnJrtm-f'-?z 
A4 A6 

4.8641128E-01 -7.9546902E-01 
-5.3853512£-02 2.1154063E-01 
-9.5725484E-02 7 .5943447E-01 
-7.3659102E-02 7.7800384E-01 
--2.3909795E-01 3.8056203E-02 
-2.0189182E-01 1.54 77070E-01 

5.7683409E-02 -3.0103142E-O 1 
1.0901372E-01 -2.8841662E-01 

-2.1 70511 5E-01 1.5308753E-01 
-2.2493967E-01 1.6877855E-O 1 

A12 A14 
7 .3788098E+OO -6.6387072E+OO 

-5.0309707E-Oi -2.0972869E-O 1 
-4.98964 76E+OO 4.2590990E+OO 

5.4 769361 E+OO -1.1317295E+01 
-1.208701 9E+OO 2.1064446E+OO 
-4.6106123E+OO 4.3246333E+OO 

3.601 3932E-01 -9.6281745E-02 
1.2031213£-01 -2.1115167E-02 
2.491 5794E-03 -5.5626637E-04 

-9.2150833E-03 1.2851713E-03 

f:::4 555 Bf::::1 538 TL=4 260 
Si Ri Di ndj V clj 

*·1 0.99476 0.506 1.54488 54.87 
*2 253.01381 0.046 

3(fmD~t.J) 00 0.056 
*4 -22.24707 0.152 1.63351 23.63 
*5 1.69768 0.243 
*6 253.00000 0.253 1.63351 23.63 
*7 39.05374 0.506 
*8 -1.90297 0.354 1.63351 23.63 
*9 -1.16022 0.151 

*10 -3.16206 0.455 1.54488 54.87 

* 11 3.61431 0.500 
12 co 0.300 1.51633 64.14 
13 co 0.840 
14 00 

AB 
2.1017252E+OO 

-4.4017448E-01 
-1 .9145869E+OO 
-1.3378460E+OO 
-5.1291279E-02 
-8.7156700E-01 

4.8387321 E-0·1 
4.5116212E-01 

-3.9562058E-02 
-9.7203848E-02 

Al 6 
2.5968201 E+OO 
4. l 332784E-O 1 

-1.6942132E+OO 
7.5185167E+OO 

-1.35l 4237E+OO 
-1.6422211 E+OO 

3.493681 SE-03 
1 .2566134E-03 
4.0995922E-05 

-7.5129992E-05 
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(~8J 

mi*~ KA 
1 l .1921937E+OO 
2 -7.2205120E+OO 
3 -1.6800098E+OO 
4 3.1182039E+OO 
5 -1.6495744E+01 
6 9 .9 999036E-0·1 
7 -6.1085232E+OO 
8 -l .9317843E+OO 
9 -1 .4000001 E+O 1 

10 -1.3546000E+Ol 
AIO 

l 4.30.l 1057E-01 
2 -l .7377307E-01 
3 -4.2662287E-O 1 
4 1.8205811 E+01 
5 8.6310550E-01 
6 5.4526971 E-02 
7 -4.7056467E-O 1 
8 2.7648276E-02 
9 l.3115167E-02 

10 4.4224273E-02 

(~9J 

~1.iilif~!j5 

~n1E~J4 • 3FnJrtm-f'-?z 
A4 A6 

-2.8552244E-02 1.9464672E-02 
1.0009125£-01 5.6965587E-02 
4.3862266E-01 -2.5955621E-01 
4.9953409E-01 7-4979015E-01 

--7.5670799E-04 4.6703185E-O1 
2.7502524E-02 2.3242844E-01 

--7 .2840681 E-02 -6. 1939901 E-02 
2.9226488E-03 1.6279485E-02 

-1.4394163E-01 1.2958519E-01 
-2.3244698E-01 1.8331804E-O 1 

A12 A14 
-4.4272734E-01 9. 7079058E-02 
-9.7305688E-Oi 2.2005578E+OO 
~2.3413149E-01 2.5428004E+OO 
-3.8842459E+01 6.3021364E+O 1 
-8.0002749E--01 3.6125413E+OO 
-6.2891755E-02 2.2916270E-01 

2.41309i 2E-01 -2.7435913E-02 
-8.7177546£-03 -7.5782951 E-03 

1.8723448E-03 -5.6945481 E-04 
-1 .0 81 7 2 91 E--0 2 1.3978168E-03 

f=5.956, Bf=2.438, TL=5. l71 
Si Ri Di ndj v dj 

*1 1.12444 0.546 1.54488 54.87 
*2 252.97534 0.030 

-~ ,.__.__·---~ 

3(fmD~l-)) C>O 0.069 
--~~~-..;.___- --

*4 -18.78836 0.227 1.63351 23.63 
*5 2.25616 0.243 
*6 506.45581 0.253 1.63351 23.63 
*7 4.36560 0.506 
*8 -99.83715 0.506 1.63351 23.63 
*9 -·1 .70702 0.100 -

*"10 -2.17464 0.253 1.54488 54.87 
*11 3.61429 0.500 
12 00 0.300 1.51633 64.14 
13 OD 1.740 
14 00 

AB 
-1.7622814E-01 
-1.2128920E-04 
-3.0371421E-01 
-4.0780165E+OO 

6.5512652E-03 
-7.5662102E-02 

4.0213 ·149E-0·1 
-1.1936707E-02 
-6.99034 7 5E-02 
-1.1223612E-01 

Al 6 
-6_ 1 ·193103E-02 
-1.2311427E+OO 
-1.9963875E+OO 
-5.0226037E+01 
-1.5876512E+01 
-1.9122565E-01 
-2.7992163E-02 

1A110223E-03 
-2.7551420E-06 
-7 .008 1151 E-05 
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(~ 1 0 J 

mi*~ KA 
1 6.9377302E-01 
2 1 .0000090E+OO 
3 9.8073731 E+OO 
4 3.1182039E+OO 
5 6.1881621 E-·01 
6 9.9999979E-0·1 
7 3.2258104E-·01 
8 -2.629201 OE+OO 
9 -1.4000002E+O1 

10 1.3000586E--01 
AIO 

1 3.6582042E-01 
2 -2.159941 ZE-01 
3 -7.7068397E~Q1 

4 1.3698992E+01 
5 1.4799995E+OO 
6 2.311941 OE+OO 
7 -2.7569022E-01 
8 1.7970251 E~04 
9 2 .096 7 820E-02 

10 4.2054637E-02 

(~ 1 1 J 
~.1Jffi iq~ 6 

~n1E~Js · 3FnJrtm-f'-?z 
A4 A6 

-8.631 5370E-03 -2.932282 7 E-03 
1.0299728£-02 -3.3338883E-02 
4.1860316E-01 2.4161475E-01 
4.6995645E-01 1.5149631 E+OO 

·-·l .9777356E-01 1.5104859E+OO 
-1.3815608E-01 8.2457564E-01 
·-7 .2840681 E-02 1.5663313E-O1 

1.1379689E-01 -1.7291781 E-02 
-4.4092972E-02 9.9278653E-02 
-1.8315230E-01 1.3758774E-01 

A12 A14 
-4.2487703E-01 -2.2631039E-01 
-4.4977846E-Oi 2.5600·140E+OO 

2.7743135E-01 2.0383002E+OO 
~3.8132984E+01 5.1107685E+01 

1 .881 5842E+O1 -1.1654772E+02 
-1.5309306E+01 2.6135941E+01 

1.7783105E-01 -4.92614 78E-02 
-2.1611961£-02 4.0098433E-03 

4.6 77 594 7E-03 -9.1757326E-04 
-1.311 5957E-02 2.7031329E-03 

f=-4-428. Bf=l.424. TL=-4.387 
Si Ri Di ndj v dj 

1 cooo*xL)) (X) -0.278 
*2 1.17174 0.557 1.54488 54.87 

*3 "fOl.21828 0.101 
*4 -8.52605 0.334 1.63351 23.63 

*5 3.10246 0.243 
*6 253.12530 0.354 1.54488 54.87 
*1 I 7.08468 0.350 
*8 -4.62732 0.427 1.63351 23.63 
*9 -2.28837 0.246 

*10 2.81503 0.351 1.63351 23.63 
*11 1.45940 0.500 

-· 
12 00 0.300 1.51633 64.14 
13 (X) 0.726 -·------------- ,____. ___ ---------~------
14 00 

AB 
-2.8236519E-01 
-3.5854402E-01 
-7.6083670E-01 
-2.7101440E+OO 
-1.5044509E+OO 
-4.9516542E-01 

9.8367802E-02 
2.9845655E-02 

-7 .7922450E-02 
-9.0542240E-02 

A16 
-2.0344291 E-02 
-1.9687116E+OO 

7.4259109E-01 
-2.7851932E+01 

1.7961509E+02 
-1.0762516E+01 

3.9419268E-03 
1 .4790761 E~o3 

~4.2752923E-04 

-1.9876871 E-04 
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(~ 1 2 J 
~n1E~Ja · 3FnJrtm-f'-?z 

mi*~ KA A4 A6 AB 
1 3.6898607E-02 4.1325089E-02 7.7959667E-02 -3.132.0039E-01 
2 -2.3337736E+01 -7.0438383£-02 1.2689897E-01 -1.6510709E-02 
3 1.4512180E+OO 1.0524624E-01 2.7959740E-01 -1.2882128E-01 
4 3.1182039E+OO 2.0460167E-01 9.378871 OE-01 -3.1083520E+OO 
5 7.0000900E-·O1 ·-·l .7148265E-01 2.9051562E-O 1 -5.2650666E-02 
6 3.54 70814E-0·1 -1.9176138E-01 1.7502659E-01 -3.4890662E-O 1 
7 -2.3602970E+OO ·-7 .2840681 E-02 -8.4242604E-O 1 2.9509268E+OO 
8 -1.8311 731 E+OO -2.6699460E-01 9.1126040E-02 -1.0539776E-01 
9 1 .0044588E-O 1 - 7 .9144306E-01 7.1344844E-01 -2.9852 745E-01 

10 -1.0909351 E+Ol -3.3970419E-01 2.9895759E-O 1 -1.5487925E-01 
AIO A12 A14 Al 6 

l 7 .36 ·15786E-O1 -·t .2805754E+OO 1.0422927E+OO -4.04022 l 5E-O I 
2 -3.3618937E-O 1 -3.'l 7 I 04 ·1 OE-Oi ·1.2488311 E+OO -7.8867528E-01 
3 -6.9518976E-01 8.8551140E-01 3.3513814E-01 -5.97641 OSE-01 
4 1.1989263E+01 -2.7274104E+01 4.1138655E+01 -2.6221811 E+01 
5 1.2799215E+OO -6.0805643E--01 -6.570l417E+OO 1.0955959E+O 1 
6 8.6734211 E-01 -1.2626762E+OO 8.7271985E-01 -1.22343.85E-01 
7 -8.6810396E+OO 1.3687948E+01 -1.1500705E+01 3.7304276E+OO 
8 1.2739701 E-02 -7.4356044£-02 6.4549028E-02 -1.2957543E-02 
9 5.34 75537E-02 1.5902396E-03 -1.9540075E-03 1.7122320E-04 

10 5.0278107E-02 -9.7894164E-03 1.0056192E-03 -4.1181094E-05 

(~ 1 3 J 
~¥d4Af:::M-t' ~1@ 

A~i% ~ftt::tt ~:Mfifffe~ 1 ~hfil11'1J2 ~Mff1ijlj3 ~Htfifffetj4 ~hfil1ij15 ~~if;,1~1J6 
(1) f/f1 l.8 1.7 U38 2.49 2.88 2.04 
(2) f./f2 -J.22 -0.98 -1.1 -J.83 -J.88 -l.25 
,,., ) 
'·"·· f/fl2 0.9 l 0.98 0.84 Ll7 l.52 1.14 

-(4) f./f345 -0.2 -0.37 -0.08 -0.42 -l,04 -0.48 
(5) fl/f3 0.15 0.05 0.2 -0.03 -0.3 -0.16 
(6) ( R3f-R3 r}/( R3f+R3 r) -0.18 -0.03 -0.48 0.73 0.98 0.95 
(7) f/f5 -0.5E:i -l.1 -1.88 -U'Jl -2.43 -0.83 
(8) f·tanw/R5r 1.7 0.86 1.5 L66 1.44 1.64 
(9) f/f3 0.27 0.09 0.34 -0.06 ·-0.86 -0.33 

(10) 07/f 0.12 0.12 0.14 0.11 0.08 0.08 

(14~ 0) g£8JjJ 
(0083] 

L 1 ~ 1 v/.::::( 

L2 ~Zv/;;<' 

L3 ~3v/;;<' 

L4 ~4 v/;;<' 
L5 ~5v/;;<' 

St ~D*~!'J 
R i tmi:is:ffiUiJ~ G ~ i ~§OJ v / ;;<'[l'jj0Jff8.$.:'f'::fc£ 
D i W11'ffiU!J~ Gm i m §~mi + 1 m §OJ v /;;<'oo ~ OJOOFa~!W; 

z 1 **m 
1 0 0 ~i~~-=t'- ( 1~00) 
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(~*"' /c.J ) 11-cl;:=i'fr =i':E'12; ~-l+R 
El £B, t::J 1iiiTi5~<1'- (7) !J!llttr1 

rn~-*Jffil 1 J 
W11'ffiUtP G/ijJH:, 
IE (7) f:±l:J=Jf :tJ ~ ~ 0, wtt1'f!U i= 8 oo ~ loJ ~t t::. ;1. ~A 7:J A :rr;>t1\-c di:> 6 m 1 v > :::z:· 2:::, 
filli[l!]Jt;>!1\c di:> 6 m 2 v >A- 2:::, 
w1:f ffiU i= 8 oo ~ loJ ~t t::. ;1. ~A 7:J A :rr;tk:-c di:> 6 m 3 v >A- 2:::, 
f~ffilJ t= 8 [l'ij ~ loJ ~t t::. ;!. ~A j:; A Jt;tk:c di:> 6 m 4 v >A' 2:::' 
Jl (7) f:±ltff1J ~~ 0, 1*ffi1J (7) O'i] t: :J,' t.r_ < 2::: 't:J 1 ~ (7)3,te±J,~ ~ ~9 6 m 5 v >A, 2:::, 
iJ" G t~rot ~ t16*f1f81 (: 5 fl!'!! (7) v > A'iJ" G t.r_ t;, Ti:lc*14.:r\ ( 1 ) ~ ifl!ilJE 9 6 2: 2::: ~ 4'¥ 

n&2::: 9 6t~1* v/ A,o 
1. 4<f/f 1<4 (1) 

t::. t!. 0' 
f : ~*(7),W,/~lfe!!l 
f 1 = ~ui:lcm 1 v > :::z:-(7)~/~lfE!!l 

2:::960 
( ~:E:s;B'J§ 2 ) 
11~<1' /' 

~ G (: t:i T (7)*"f4.:r\ ~ ifllilJE 9 6 g~-*Jffil 1 i:Jc~(7)m1* v > A-o 
-3<f/f 2<-0. 85 (2) 

t::. t!. 0' 
f 2 = ~ui:lcm 2 v >:A'(7)~/~li1Ei!l 

2:::960 
( ~:E:s;B'J§ 3 ) 
11~<1' /' 

~ui:lcm 4 v > A-~iJ:E(7)Jl±l:J=Jf1J~~9 6 g~-*Jffil 1 ~ t::. (i 2 gc~(7)m1* v > A-o 
rn~-*Jffil4 J 
~ G (: Lj, T (7)*14.:r\ ~ifl!ilJE 9 6 g~-*Jffil 1 /J'- G 3 (7) P9;htJ'- 1 JJtgc~oJt~1* v > A,o 
0. 7 S<f /f 1 2<2. 5 (3) 

t::. t!. 0' 
f 1 2 : ~ui:lcm 1 v >A- 2::: ~ui:lcm 2 v >A- 2::: (l)i'Jrot,W.,~lfe!!l 

2:::960 
(g~-*Jffil 5) 
~ G (: J,j T (7)*"f4.:r\ ~ ifl!ilJE 9 6 g~-*Jffil 1 /J'- G 4 (7) 1t \ 9tT/J'- 1 JJlgc~(7)m1* v > A'o 
-2<f/f345<0 (4) 

t::. t!. 0' 
f 3 4 5 : ~ui:lcm 3 v > A-tJ" G ~ui:lcm 5 v >:A'(l)i'Jrot,W.,~lfe!!l 

2:::960 
(g~-*Jffil 6) 
~ G (: J,j T (7)*"f4.:r\ ~ ifl!ilJE 9 6 g~-*Jffil 1 /J'- G 5 (7) 1t \ 9tT/J'- 1 JJlgc~(7)m1* v > A'o 
-0. 5<f 1/f 3<0. 4 (5) 

t::. t!. 0' 
f 3 ~co,::rA-,__. 3 ,, 1f:_ i::1::i"OFtri<t& : f'JU iJL$ V /A (7) ""/mJtt:'.Rll: 

2:::960 
( ~:E:s;B'J§ 7) 
11~<1' /> 

~ G (: J,j T (7)*"f4.:r\ ~ ifl!ilJE 9 6 g~-*Jffil 1 /J'- G 6 (7) 1t \ 9tT/J'- 1 JJlgc~(7)m1* v > A'o 
- 1 < (R 3 f -R 3 r) / (R 3 f + R 3 r) < 1. 2 ( 6) 

t::. t!. 0' 
R 3 f : ~Ui:lcm 3 v > A'(7)*7Jjf:fffi1j(7)[1'ijOJJ[jJiffiEltP¥¥i:¥ 
R 3 r : ~iJi:lcm 3 v >A, (7) 1*ffiU (7) O'iJ (7)Jliil!mEltP¥¥i:¥ 

2:::960 
rn~-*Jffil s J 
~ G (:J,j_T (7)*14.:r\~ifl!ilJE 9 6 g~-*Jffil 1 tJ'- G 7 (7)~ "9niJ" 1 JJlgc~(7)m1* v > A,o 
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-4<f /f s<-o. 2 (7) 
k. t!. lh 

f s : ~Ugc5g s t<.-<:::(u)~,i2li1e!!l 

~90o 
rn~<KJffil 9 J 
~ G '::tj,T OJ*11t.:c\~)f,lilJE 9 o g~;:KJJ( 1 fr-. G 8 OJ1t '9tiiJ" 1 JJlgc~OJm1t v / ;:(o 

0. 5<f·tanw/R5r<lO (8) 
k. t!. lh 

(;) : "¥-lfill" 
R 5 r : ~iJgc5g 5 v / 7:: OJ1t1f:lU OJ 00 OJ f±±P¥"¥-1~ 

~90o 
rn~ :::KJffil 1 o J 
~ G '::t?JT OJ*11t.:c\~)f,lilJE 9 o g~;:KJJ( 1 iJ" G 9 OJP9tiiJ" 1 JJlgc~oJt1~!Ht v / _:::(o 

-0. 9<f /f 3<0. 7 (9) 
k. t!. (-h 

f 3 : ~ugc5g 3 v / _:::(O):t(t,i2li1e!!l 
~90o 
rn~ :::KJffil 1 1 J 
~ G ':: L?J T OJ*11t.:c\ ~if,iilJE 9 o g~;:KJJl 1 iJ" G 1 o OJ 1t '9tLiJ" 1 JJlgc~<TJm1~ v / :A.'o 
0. 0 5<D7 /f<O. 2 (1 0) 

k. t!. (-h 

D7:~u~5g3v/~~~iJ~5g4v/~~OJMOJ*~~OJM~ 
~90o 
rn~ :::KJffil 1 2 J 
~iJgc5g 2 v /:A.' OJ1o/J1*1J{U 0) oo J: i; *70 tt1f:lU '= !111cil"L ~tit::. m.1 o ®t i:J ~ ~ G '= 11m x t::. g~;:KJffil 1 

iJ" G 1 1 uJP9tLiJ" 1 JJlgc~OJm1t v / :A.'o 
( g~;:KJJ[ 1 3 ] 
~ G '::UT OJ*-11t.:r\~if,iilJE 9 o g~;:KJJ[ 1 iJ" G 1 2 OJv "9tii,P 1 JJlgc~OJt~1t v / :A.'o 
1. S<f/f 1<3. 5 (1-1) 

( g~;:KJJ[ 1 4 ] 
~ G '::UT OJ*-11t.:r\~if,iilJE 9 o g~;:KJJ[ 1 iJ" G 1 3 OJ1t 4 9tLi,P 1 JJlgc~OJt~1t v / :A.'o 
-2. S<f/f 2<-0. 9 (2-1) 

k. t!. l,,' 
f 2 ~co;:::r-""A-" 2 ,, -ft:_ i::1::i"OFtri<t& : f'JU iJL$ V /A 0) "",mJtt:'.Rll: 

~900 
( g~;:KJJ[ 1 5 ] 
~ G '::UT OJ*-11t.:r\~if,iilJE 9 o g~;:KJJ[ 1 iJ" G 1 4 OJv "9tii,P 1 JJlgc~OJt~1t v / :A.'o 
0. S<f /f 1 2<2 (3-1) 

k. t!. l,,' 
f 1 2 : ~Ugc5g 1 v /:A.'~ ~iJgc5g 2 v /:A.'~ OJiJm<;~"i2li1e!!l 

~900 
( g~;:KJJ[ 1 6 ] 
~ G '::UT OJ*-11t.:r\~if,iilJE 9 o g~;:KJJ[ 1 iJ" G 1 5 OJv "9tii,P 1 JJlgc~OJt~1t v / :A.'o 
-1. s<f/f 34 s<-o. o s (4-1) 

k. t!. l,,' 
f 3 4 s : ~Ugc5g 3 v / :A.'iJ" G ~Ugc5g s v /::::(OJiJ!ft~vi2:li1e!!l 

~900 
( g~;:KJJ[ 1 7 ] 
~ G '::UT OJ*-11t.:r\~if,iilJE 9 o g~;:KJJ[ 1 iJ" G 1 6 OJv "9tii,P 1 JJlgc~OJt~1t v / :A.'o 
-0. 4<f 1/f 3<0. 2 (5-1) 
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k.. f!_ 0, 
f 3 : ~Ugc5g 3 v / ::::(0)~/12lfE?I 

~960 

rn~*JJt 1 s J 
~ G ':::tj,T' O)jf~dt:r\~ifiiilJE 9 6 g~*JJ[ 1 fp G 1 7 O)~ \9;f1.7J" 1JJlgcJID;0)~1l<v/7-:'c 
-0. 6<(R3f-R3r)/(R3f+R3r)<l (6-1) 

k.. f!_ 0, 
R 3 f = ~ugc5g 3 v / ;z:' 0)1o/71:tffiU 0) oo O)JlIE!imetr>¥¥1.£ 
R 3 r : ~Ugc5g 3 v / /-:'0)1J<ffiljO)[l'[jOJJlIE!iffiEliP¥:¥:f.£ 

~960 
rn~*JJr 1 9 J 
~Ugc5g1 v/7-:'n"G~Ugc5g3 v/.A'oJt'J!lX!ffitJf1Jn{iEcdt:>6~t'1'=.Bv-.-c, ~ Gt:::tj,T' 

OJ*14.:c\~)f,jilg 9 6 g~*JJ[ 1 lJ" G 1 8 O)P9t17'.i" 1 JJlgclID;O)~ffl( v /.A'o 
-3<f /f s<-o. 4 (7-1) 

k.. f!_ (-h 

f 5 : ~Ugc5g 5 v / 7-:'0):t(t/12lfE?I 
~960 

rn~*JJr 2 o J 
~*rn1~JID;O)~~v/~~~90~~~~0 
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(~~:g) ~it~~ 
(~it}) 

rnl~J ~-ftOJ'.f2~i1t.B J: u"'r'Bl1Ellt!1*1t~*f~l, td~1* v Y /Z'.B J: u, 2: O)mf* v > _:::;(~,flm;t 
k..t~1*~@'.~*f~9 60 
(Pllf!~-=F~J t~f* v > :::(iJ\ Wfis:ffiUiJ' G Jl[!'JJ:, IEOJFtt\tff:tJ ~iJ L,, Wiis:ffiU'= 8 TIO~ loJ ~t k.. 

;;<.:::-;A J:J :Al0~tkc ~ 6 m 1 v > :J::.' L 1 ~, fffil[Ll]J01*:c ~ 6 m 2 v > :J::.' L 2 ~, t7ofis:ffiUt= 8 
TIO~ ro:i ~t t::.. ;;<.:::-.A J:J A 10~tkc ~ 6 m 3 v > :J::.' L 3 ~, f*ffiU t= 8 TIO~ ro:i ~t t::.. ;;<.:::-.A J:J A 101*: 
c ~om 4 v > ;J::.' L 4 ~, :& 0) Fttltff:tJ ~iJ L,, i*ffiU 0) TIO i=J,-'t~ < ~ ti 1 -:J OJ3tetJ,~ ~iJ9 
6 5g 5 v > :J::.' L 5 ~ iJ' G ~#mt~ t16 *11iJfH: 5 f[Jl!l OJ v > :J::.'iJ' Gt~ VJ , p!fJE OJ*11tx\ ~ ~r.ey JE 
960 
(~:JRCRJ) CKl 1 
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(~~ :g J Cillaa 
(Lill 1 ) 

Z1 
I 

_J__ 

I 
R1 

S~2(R3) 

L2 

02 03 

01 

\ ; 
\ , 

I I 
R2 I I I 

R4 I R6 
RS 

L5 

L3 
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I 

/\ 
I I 

R7 I I R8/ 
R9 

R10 
I 

R11 

CG 

----012 
/ .--- --- 013 
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(CZ! 2 J 
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1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

Priority 

2. Acknowledgment is made of applicant's claim for foreign priority based on an 

application filed in Japan on 3/29/2013. It is noted, however, that applicant has not filed 

a certified copy of the 2013-072282 application as required by 37 CFR 1.55. 

Information Disclosure Statement 

3. The information disclosure statement (I OS) submitted on 3/26/2014 is in 

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure 

statement is being considered by the examiner. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective filing date of the claimed 
invention. 

5. Claims 1-20 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by Tang 

(20120087020) hereafter Tang. 
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Regarding claim 1, Tang discloses an imaging lens substantially consisting of, in 

order from an object side, five lenses of: a first lens (110) that has a positive refractive 

power (par. [0058], lines 2-4) and has a meniscus shape which is convex toward the 

object side (par. [0058], lines 2-4); a second lens (120) that has a biconcave shape (par. 

[0012]); a third lens (130) that has a meniscus shape which is convex toward the object 

side (par. [0012]); a fourth lens (140) that has a meniscus shape which is convex toward 

an image side (shown in the figure below); and a fifth lens (150) that has a negative 

refractive power and has at least one inflection point on an image side surface (par. 

[0074]), wherein the following conditional expression (i) is satisfied: 

1 .4 < f/f1 < 4, where f is a focal length of a whole system, and f1 is a focal length of the 

first lens (see table 1, 1.4 < 5.97/3.25 < 4 = 1.4 < 1.84 < 4). 
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Regarding claim 2, Tang discloses The imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -3d/f2<-.085, where f2 

is a focal length of the second lens (see table 1 ... -3 < 5.97/-4.42 < -.085). 

Regarding claim 3, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the fourth lens has a positive refractive power (par. [0074], line 16). 

Regarding claim 4, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: .078d/f12<2.5, where 

f12 is a composite focal length of the first lens and the second lens (fig. 22). 

Regarding claim 5, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -2d/f345<0, where f345 

is a composite focal length of the third to fifth lenses (table 1 and 3). 

Regarding claim 6, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -0.5d/f3<0.4, where f3 

is a composite focal length of the third lens (fig. 22). 

Regarding claim 7, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -1 <(R3f-

R3r)/(R3f+R3r)<1.2, Where R3f is a praraxial radius of curvature of an image side 

surface of the third lens (table 1, 3, 5 and fig. 22). 

Regarding claim 8, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -4d/f5<-0.2, where f5 is 

a composite focal length of the fifth lens (fig. 8, table 1 ). 
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Page 5 

wherein the following conditional expression is further satisfied: 0.5<f*tanw/R5r<10, 

where w is a half angle of view, and R5r is a paraxial radius of curvature of the image 

side surface of the fifth lens (fig. 8, 10 and 22). 

Regarding claim 10, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: -0.9d/f3<0.7, where f3 

is a composite focal length of the third lens (table 1 ). 

Regarding claim 11, Tang discloses the imaging lens, as defined in Claim 1, 

wherein the following conditional expression is further satisfied: 0.05<07/k0.2, where 

07 is spacing on an optical axis between the third lens and the fourth lens (table 1 ). 

Regarding claim 12, Tang discloses the imaging lens, as defined in Claim I, 

further comprising an aperture stop (100) that is disposed on the object side of an object 

side surface of the second lens (120). 

Regarding claims 13-19, Tang discloses in Figures 8-22 the values that satisfy 

the equations of claims 13-19. 

Regarding claim 20, Tang discloses an imaging apparatus comprising: the 

imaging lens, as defined in Claim 1 (fig. 1 abstract). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAMES JONES whose telephone number is (571 )270-
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1278. The examiner can normally be reached on Monday thru Friday, 9 a.m. to 6:00 

p.m. est. time. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thomas Pham can be reached on (571) 272-3689. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JAMES JONES/ 
Primary Examiner, Art Unit 2872 
9/29/2014 
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OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 
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Member with respect to the subject matter of the record. 
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APPLICATION NUMBER 

14/226,172 

466 
YOUNG & THOMPSON 
209 Madison Street 
Suite 500 
Alexandria, VA 22314 

FILING OR 3 71 (C) DATE 

03/26/2014 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Tatsuyuki OGINO 8081-1131-1 
CONFIRMATION N0.1892 

PUBLICATION NOTICE 

111111111111111111111111]~!1]~~1~~1~~1~111~ ~I~ ~H] 11111111111111111111111 

Title:IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

Publication No.US-2014-0293453-A 1 
Publication Date:10/02/2014 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION 
NUMBER 

14/226,172 

466 

FILING or 
37l(c)DATE 

03/26/2014 

YOUNG & THOMPSON 
209 Madison Street 
Suite 500 
Alexandria, VA 22314 

GRPART 

UNIT 

2872 
FIL FEE REC'D 

1600 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

8081-1131-1 20 1 
CONFIRMATION N0.1892 

FILING RECEIPT 

111111111111111111111111]~!l]~~1~~1~~Hll~HHll l1111111111111111111111 

Date Mailed: 04/18/2014 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Tatsuyuki OGINO, Saitama-ken, JAPAN; 
Michio CHO, Saitama-ken, JAPAN; 
Yoshiaki ISHll, Saitama-ken, JAPAN; 

FUJIFILM CORPORATION, Tokyo, JAPAN 
Assignment For Published Patent Application 

FUJIFILM CORPORATION, Tokyo, JAPAN 

Power of Attorney: The patent practitioners associated with Customer Number 00466 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
JAPAN 2013-072282 03/29/2013 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
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Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 04/17/2014 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 14/226, 172 
Projected Publication Date: 10/02/2014 

Non-Publication Request: No 

Early Publication Request: No 
Title 

IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

Preliminary Class 

359 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 14/226, 172 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR x 80 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = x 420 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1600 

APPLICATION AS AMENDED - PART II 

OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = 
OR ~ (37 CFR 1.16(i)) x = x = 

0 
Independent ... -z Minus x = OR x = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL 
OR 

TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = x = OR 
~ (37 CFR 1.16(i)) 

x = 

0 Independent Minus ... = z x = OR x = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL 
OR 

TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UTILITY PATENT APPLICATION TRANSMITTAL Attorney Docket No. 8081-1131-1 

(Only for new nonprovisional applications under 37 CFR 1.53(b)) 
To the Commissioner of Patents 

Transmitted herewith for filinq is the patent application of: 

Inventors: Tatsuyuki OGINO, Michio CHO and Yoshiaki ISHll 

Corresponding to Japanese Patent Application No. 2013-072282 filed on March 29, 2013, the entirety of which 
application is hereby expressly incorporated by reference in the accompanying application. 

Title: IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

Enclosed are: 

D Applicant claims small entity status under 37 C.F.R. § 1.33(b) 

~ Specification - Total Pages 55 

~ Drawings - Total Sheets 14 

~ Newly executed Oath or Declaration 

D Copy of Oath or Declaration/Power of Attorney from a prior application (continuation/divisional) 
D The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied as 

indicated in the preceding box, is considered as being part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

D Deletion of inventor(s). A signed statement attached deleting 
inventor(s) named in the prior application (see 37 CFR 1.63 (d)(2) and 1.33(b) 

~ Application Data Sheet under 37 C.F.R. § 1.76 

D Nucleotide and/or Amino Acid Sequence Submission (if applicable, all necessary) 
a. D Computer Readable Form (CRF) 
b. Specification Sequence Listing on: i. D CD-ROM or CD-R (2 copies); or ii. D paper 
c. D Statement verifying identity of above copies 

Assignment Papers filed via EFS. 

37 C.F.R. §3.73(c) Statement IZI Power of Attorney 
(when there is an assignee - PTO/ AIA/96) 

Confirmation of English translation of prior provisional application under 37 CFR 1.78(a)(5) 

Information Disclosure Statement 
(PTO/SB/08 or PT0-1449) 

Preliminary Amendment 

Other items or information: 

IZI Copies of IDS citations attached 

The required filing fees are being paid online simultaneously herewith by credit card. 

The Director is hereby authorized in this, concurrent, and future submissions, to charge payment or 
credit any overpayment to Deposit Account No. 25-0120 for any additional fee required under 
37 C.F.R. §§ 1.16or1.17. 

SEND ALL CORRESPONDENCE TO THE ADDRESS 
ASSOCIATED WITH CUSTOMER NO. 00466 

YOUNG & THOMPSON 
209 Madison Street, Suite 500 
Alexandria, VA 22314 
Telephone: (703) 521-2297 
Facsimile: (703) 685-0573 

EJ/yr 

/Eric Jensen I 

Signature 

Eric Jensen, Reg. No. 37,855 

Name, Registration Number 

26 March 2014 

Y& T March 26, 2014 
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ABSTRACT OF THE DISCLOSURE 

An imaging lens substantially consists of, in order from an 

object side, five lenses of a first lens that has a positive refractive 

power and has a meniscus shape which is convex toward the object 

5 side, a second lens that has a biconcave shape, a third lens that 

has a meniscus shape which is convex toward the object side, a fourth 

lens that has a meniscus shape which is convex toward the image side; 

and a fifth lens that has a negative refractive power and has at 

least one inflection point on an image side surface. Further, the 

10 following conditional expression (1) is satisfied. 

1. 4<f/f1<4 (1) 

41 
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Electronic Acknowledgement Receipt 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number 8081-1131-1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
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document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 
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Correspondence Information: 
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For further information see 37 CFR 1.33(a). 
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Title of the Invention IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 
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Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 14 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
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publication at eighteen months after filing. 
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by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
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Foreign Priority Information: 
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constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 
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Add button. 
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Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

D 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

Authorization to Permit Access: 

~ Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
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In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization. 

Applicant Information: 
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If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
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® Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 
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complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
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The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) 
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an 
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of 
the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in 
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, 
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security 
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records 
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan 
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to public inspections or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 
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What is claimed is: 

1. An imaging lens substantially consisting of, in order from 

an object side, five lenses of: 

a first lens that has a positive refractive power and has a 

5 meniscus shape which is convex toward the object side; 

a second lens that has a biconcave shape; 

a third lens that has a meniscus shape which is convex toward 

the object side; 

a fourth lens that has a meniscus shape which is convex toward 

10 an image side; and 

15 

a fifth lens that has a negative refractive power and has at 

least one inflection point on an image side surface, 

wherein the following conditional expression (1) is 

satisfied: 

1.4<f/f1<4 (1), where 

f is a focal length of a whole system, and 

fl is a focal length of the first lens. 

2. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

20 -3<f/f2<-0. 85 (2), where 

f2 is a focal length of the second lens. 

3. The imaging lens, as defined in Claim 1, wherein the fourth 

lens has a positive refractive power. 

4. The imaging lens, as defined in Claim 1, wherein the 

25 following conditional expression is further satisfied: 

0.78<f/f12<2.5 (3), where 

f12 is a composite focal length of the first lens and the second 

lens. 

5. The imaging lens, as defined in Claim 1, wherein the 

30 following conditional expression is further satisfied: 

-2<f/f345<0 (4), where 

f345 is a composite focal length of the third to fifth lenses. 

6. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

35 -0.5<fl/f3<0.4 (5), where 

38 
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5 

f3 is a focal length of the third lens. 

7. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

-l<(R3f-R3r)/(R3f+R3r)<l.2 (6), where 

R3f is a paraxial radius of curvature of an object side surface 

of the third lens, and 

R3r is a paraxial radius of curvature of an image side surface 

of the third lens. 

8. The imaging lens, as defined in Claim 1, wherein the 

10 following conditional expression is further satisfied: 

-4<f/f5<-0.2 (7), where 

fS is a focal length of the fifth lens. 

9. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

15 O.S<f·tanro/R5r<10 (8), where 

ro is a half angle of view, and 

RSr is a paraxial radius of curvature of the image side surface 

of the fifth lens. 

10. The imaging lens, as defined in Claim 1, wherein the 

20 following conditional expression is further satisfied: 

-0.9<f/f3<0.7 (9), where 

f3 is a focal length of the third lens. 

11. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

25 O.OS<D7/f<0.2 (10), where 

D7 is a spacing on an optical axis between the third lens and 

the fourth lens. 

12. The imaging lens, as defined in Claim 1, further comprising 

an aperture stop that is disposed on the object side of an object 

30 side surface of the second lens. 

13. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

1. 5<f/fl<3. 5 (1-1) . 

14. The imaging lens, as defined in Claim 1, wherein the 

35 following conditional expression is further satisfied: 

39 
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-2.5<f/f2<-0.9 (2-1), where 

f2 is a focal length of the second lens. 

15. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

5 0. B<f If 12<2 ( 3-1) , where 

fl2 is a composite focal length of the first lens and the second 

lens. 

16. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

10 -1.5<f/f345<-0.05 (4-1), where 

15 

f345 is a composite focal length of the third to fifth lenses. 

17. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

-0. 4<f1/f3<0 .2 {5-1), where 

f3 is a focal length of the third lens. 

18. The imaging lens, as defined in Claim 1, wherein the 

following conditional expression is further satisfied: 

-0.6<(R3f-R3r)/(R3f+R3r)<1 (6-1), where 

R3f is a paraxial radius of curvature of the object side surface 

20 of the third lens, and 

R3r is a paraxial radius of curvature of the image side surface 

of the third lens. 

19. The imaging lens, as defined in Claim 1, wherein when a 

composite refractive power of the first to third lenses is positive, 

25 the following conditional expression is further satisfied: 

-3<f/f5<-0.4 (7-1), where 

30 

f5 is a focal length of the fifth lens. 

20. An imaging apparatus comprising: 

the imaging lens, as defined in Claim 1. 

40 
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Whereas, I/We, the undersigned inventor(s) hereinafter called 
assignor(s), have invented certain improvements described in the 
application identified below; and 

Whereas, FUJIFILM Corporation (assignee), desires to acquire 
the entire right, title, and interest in the application and invention, 
and to any United States patents to be obtained therefor; 
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consideration all papers deemed necessary by the assignee in 
connection with the United States application when called upon to 
do so by the assignee. 
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FIG.5 EXAMPLE 5 

CG 

L5 
\ 

012 
Z1 / 

I 

_L __ , 013 
i ---------

i I r 1\ ) 
Ril /1 It 

R4 I R6 ! 1' 
R5 R7 1 

I 
RS 

'+-+--' ) 

I \ I \ \ 
R9 R~O/I \ R13 

R12 
R11 100(R14) 

Apple v. Corephotonics Page 232 of 287 Apple Ex. 1011



FIG.6 

St(R1) 
I 

\ L 1 
\ ) L2 

\ 

03 
' ) 

L4 

6/14 

EXAMPLE 6 

LS 
) 

Z1 
I 
' 
I 

---'--
O_@~ , _D4 05 _D6 07_ 08 09 010 011 

' I 
I 
I 

I 
R12 

CG 
I 

012 
/ 

013 

-~.100(R14) 

\ 
R13 

Apple v. Corephotonics Page 233 of 287 Apple Ex. 1011



Z1 

7/14 

FIG.7 

EXAMPLE 1 

St2 

L1 /L2 
/ ) 

L4 
l 

CG 

·-.__-100 

Apple v. Corephotonics Page 234 of 287 Apple Ex. 1011



F
IG

.8
 

E
X

A
M

P
L

E
 1

 

Fn
o.

 =
 2.4

7 
w

=
 3

5.
2°

 

~'! ( ~ f\ 
-d

-L
IN

E
 

. i 
I 

-
-

-
C-

LIN
E 

;I/ 
---

---
-F

-L
IN

E 
l :

 
-------

-----
g-

LI
NE

 
-d

-L
IN

E
 (S

J 
---

---
-d

-L
IN

E 
(T

J 

~ 

·1
0

0
 µ

.m
 

0 
10

0 
µ.

 m
 

· 1
 0
0

 µ.
 m

 
0 

10
0 

µ
.m

 
·1

0%
 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

w
=

 3
5.

2°
 

w
=

 3
5.

2°
 

n· \~!
 

1~· r 1 •
 1:' 

-d
-L

IN
E

 
--

-C
-L

IN
E

 
...

...
. f

-L
IN

E 
-----

-----
---

g-
LIN

E 

0 

DI
ST

OR
TI

ON
 

c 

10
%

 
·1

0
 µ

.m
 

0 
10

µ.
m

 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

0
0

 
.....

... .. ~ 

Apple v. Corephotonics Page 235 of 287 Apple Ex. 1011



Fn
o.

 =
 2.4

6 
/ <

 
111

/ ~ . \ ;'.I
 

( t 
I 

[ 
I 

~ 
I 

~ 
I 

~ 

-d
-L

IN
E

 
--

-C
-L

IN
E

 
---

---
-F

-L
IN

E 
-----

-----
--g

-L
IN

E 

F
IG

.9
 

E
X

A
M

P
LE

 2
 

w
=

 3
5.

1°
 

('i 
-

d-
LI

NE
 (S

J 
---

---
-d

-L
IN

E 
(T

J 

-
·1

0
0

 µ
.m

 
0 

10
0 

µ.
 m

 
• 1

 0
0

 µ;
 m

 
0 

10
0 

µ
.m

 
·1

0%
 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

<.
c.

>=
35

.1
° 

w
=

 3
5.

1°
 

)>
.''

" 

:J ~ J 
' 

-d
-L

IN
E

 
--

-C
-L

IN
E

 

0 

DI
ST

OR
TI

ON
 

c 

--·
---

-F
-L

IN
E 

.,,,,
,,,,,

,,, 
g-

LI
NE

 

10
%

 
·1

0
 µ

;m
 

0 
10

µ.
m

 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

C
D

 
.....

... .. ~ 

Apple v. Corephotonics Page 236 of 287 Apple Ex. 1011



F
IG

.1
0 

E
X

A
M

P
L

E
 3

 

Fn
o.

 =
 2.4

5 
w

=
 3

5.
2°

 

.. 
-d

-L
IN

E
 

--
-C

-L
IN

E
 

---
---

-F
-L

IN
E 

-d
-L

IN
E

 (S
J 

-----
-----

--g
-L

IN
E 

---
---

-d
-L

IN
E 

(T
J 

·1
0

0
 µ

.m
 

0 
10

0 
µ;

 m
 

· 1
 0
0

 µ;
 m

 
0 

10
0 

µ
.m

 
·1

0%
 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

w
=

 3
5.

2°
 

w
=

 3
5.

2°
 

I I I I 
-d

-L
IN

E
 

--
-C

-L
IN

E
 

0 

DI
ST

OR
TI

ON
 

c 

10
%

 
·1

0
 µ

;m
 

0 

··-
-··

·f-
LI

N
E 

-----
-----

---
g-

LI
NE

 

10
µ.

m
 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

-a
. ~
 

-a
. 
~
 

Apple v. Corephotonics Page 237 of 287 Apple Ex. 1011



FI
G

.1
1 

Fn
o.

 =
 3.0

4 

'\ \ 
-d

-L
IN

E
 

J IJ 
-
-

-
C-

LI
NE

 
IJ 

---
---

-F
-L

IN
E 

fl 
---

---
---

---
g-

LI
NE

 
fl 

E
X

A
M

P
L

E
4

 

w
=

 3
2.

5°
 

...
...

. ~
 
...

...
...

 ,., 
~ 

....
 

: 

-d
-L

IN
E

 (S
J 

---
---

-d
-L

IN
E 

(TJ
 

·1
0

0
 µ

.m
 

0 
10

0 
µ.

 m
 

· 1
 0
0

 µ.
 m

 
0 

10
0 

µ
.m

 
·1

0
%

 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

w
=

 3
2.

5°
 

w
=

 3
2.

5°
 

( 
'\

· 
\ 

I 
/:

) 
\ 

: 
. 

\ 
/"

 
f /I /;1
 

-d
-L

IN
E

 
/ .: 

--
-C

-L
IN

E
 

t; 
....

... 
f-L

IN
E 

0 

DI
ST

OR
TI

ON
 

c 

·._<
 

----
----

----
-g

-L
IN

E 

10
%

 
·1

0
 µ

.m
 

0 
1

0
µ

.m
 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

~
 

~
 

.....
... 
~
 

~
 

Apple v. Corephotonics Page 238 of 287 Apple Ex. 1011



F
IG

.1
2 

Fn
o.

 =
 3.9

4 -d
-L

IN
E

 
--

-C
-L

IN
E

 
---

---
-F

-L
IN

E 
·····

·····
·· g

-L
IN

E 

I 
f fl :.'1 

' 
.... 

w
=

 2
5.

9°
 , ' 

E
X

A
M

P
L

E
 5

 

:' l I
 -

d-
LI

NE
 (S

J 
',. 

---
---

-d
-L

IN
E 

(TJ
 

·1
0

0
 µ

.m
 

0 
10

0 
.u

m
 

• 1
 0
0

 .u
 m

 
0 

10
0 

µ.
m

 
·1

0%
 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

w
=

 2
5.

9°
 

w
=

 2
5.

9°
 

·r1·
· ... ,'. ..

 \ 
\ 
fj

 
A

 
/!i

 
z
, 

/ 
' 

-d
-L

IN
E

 
[ 

; 
--

-C
-L

IN
E

 
\ 

:. 
··-

-··
·f-

LI
N

E 

0 

DI
ST

OR
TI

ON
 

c 

<::.
:, 

----
----

----
-g

-L
IN

E 

10
%

 
·1

0
 .u

m
 

0 
10

.u
m

 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

-a
. ~
 

-a
. 
~
 

Apple v. Corephotonics Page 239 of 287 Apple Ex. 1011



Fn
o.

 =
 2.6

4 
., 

I y i ·i l 
-

d-
LI

NE
 

• 1 1 
-
-
-

C-
LI

NE
 

i,ll 
----

---
F-

LIN
E 

~ \
 

·····
·····

··· 
g-

LI
NE

 
11

 
i 

F
IG

.1
3 

E
X

A
M

P
L

E
 6

 

w
=

 2
9.

8°
 

w
=

 2
9.

8°
 

; 

-d
-L

IN
E

 (S
J 

-d
-L

IN
E

 
---

---
-d

-L
IN

E 
(TJ

 

w
=

 2
9.

8°
 

I 
; 

I 
, : /
 -

--
C

-L
IN

E
 

:~ 
··-

---
-F

-L
IN

E 
: 

-----
-----

---
g-

LIN
E 

·1
0

0
 µ

.m
 

0 
10

0 
.u

m
 

· 1
 0
0

 .u
 m

 
0 

10
0 

µ
.m

 
·1

0%
 

0 

DI
ST

OR
TI

ON
 

c 

10
%

 
·1

0
 .u

m
 

0 
10

.u
m

 

SP
HE

RI
CA

L 
AB

ER
RA

TI
ON

 

A
 

AS
TI

GM
AT

IS
M

 

B
 

LA
TE

RA
L 

CH
RO

M
AT

IC
 A

BE
RR

AT
IO

N 

D
 

-a
. ~
 

-a
. 
~
 

Apple v. Corephotonics Page 240 of 287 Apple Ex. 1011



14/14 

L 

~1 

FIG.14 

501 

"' 
541 

FIG.15 

Apple v. Corephotonics Page 241 of 287 Apple Ex. 1011

14/14

 
Apple V. Corephotonics Page 241 of 287 Apple Ex. 1011



Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 

Filing Date 2014-03-26 

INFORMATION DISCLOSURE First Named Inventor I Tatsuyuki OGINO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 8081-1131-1 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 8310768 2012-11-13 LIN et al. Cited in the specification 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20130033765 2013-02-07 TSAI et al. Cited in the specification 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

EFSWeb2.1.17 

Apple v. Corephotonics Page 242 of 287 Apple Ex. 1011



Application Number 

Filing Date 2014-03-26 
INFORMATION DISCLOSURE First Named Inventor I Tatsuyuki OGINO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 8081-1131-1 

1 D 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 

Apple v. Corephotonics Page 243 of 287 Apple Ex. 1011



Application Number 

Filing Date 2014-03-26 
INFORMATION DISCLOSURE First Named Inventor I Tatsuyuki OGINO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 8081-1131-1 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Eric Jensen/ Date (YYYY-MM-DD) 2014-03-26 

Name/Print Eric Jensen Registration Number 37855 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb2.1.17 

Apple v. Corephotonics Page 244 of 287 Apple Ex. 1011



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 

Apple v. Corephotonics Page 245 of 287 Apple Ex. 1011



[ 
Y&T Form C {form PTO/AIN82Bequivalent) 

Attorney Docket No. 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in the attached 1ransmittar letter. 

I hereby appoint Practitloner(s) associated with the following Ct.istomer Number as my/our attomey(s) or agent{s), and to 
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced 
in the attached transmittal letter (form PTO/AIA/82A or equivalent): Customer Number 

I furthermore authorize Young & Thompson and Practitioner(s) 00466 
associated with Customer Number 00466 to attach a photocopy 
of this form to a form PTO/AIN82A or equivalent that references an application in which Practitioner(s) associated with 
Customer Number 00466 have been granted Power of Attorney as described herein. 

I furthermore authorize Young & Thompson and Practitloner(s) associated with Customer Number 00466 to accept and 
follow instructions from as to any action to be taken in the U.S. Patent & Trademark Office regarding this 
application without direct communication between Young & Thompson or Practitioner{s) associated with Customer 
Number 00466 and the Applicant herein named. In the event of a change in the persons from whom instructions may 
be taken, Young &Thompson and Practitioner(s) associated with Customer Number 00466 will be so notified by 
the Applicant named herein. 

Pfease recognize or change the correspondence address for the above-identified patent to: 

c/o YOUNG & THOMPSON Customer Number 
209 Madison Street, Suite 500 00466 Alexandria, VA 22314 

Address all telephone calls to Young & Thompson at 703-521-2297. Facsimile: 703-685-0573. 

I am the Applicant: 

D Inventor or Joint Inventor 

D Legaf Representative of a Deceased or Legally Incapacitated Inventor 

00 Assignee or Person to Whom the Inventor is Under an Obligation to Assign 

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was 
granted in the application or is concurrently being filed with this document) 

,. SIG.NATURE of Applicant for Patent 
Signature k/r,~J F./ /_ I Date l c;.:...o 13, 2~12 ,#r 

Name Kivotaka KANEKO I 
Title and Comoanv ~enera.,r. M{P,;l.ager~ _J.,n.~e.L.Lect:ual.. !:J;:Op~rl;y ,.:-!-~cuyo.Logy 1,.q.v. , i.nl::e.L.LectuaJ.. 

NOTE: Signature - This form-rfiusf fiEt signed by the-applicant or applic:anfs reprasentatWe in accordance Wilh 37 CFR 1.33. See 37 CFR 1.4 for 
slgnature requirements and certifications. 

D Total of form(s) is submitted. 

l 

Apple v. Corephotonics Page 246 of 287 Apple Ex. 1011



IMAGING LENS AND IMAGING APPARATUS INCLUDING THE IMAGING LENS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a fixed-focus imaging lens 

that forms an optical image of a subject on an imaging device, such 

as a charge coupled device (CCD) and a complementary metal oxide 

semiconductor (CMOS), and to an imaging apparatus, such as a digital 

still camera, a cellular phone with a camera, a mobile information 

10 terminal (PDA: Personal Digital Assistance), a smartphone, a tablet 

terminal, and a mobile game machine, on which the imaging lens is 

mounted to perform photography. 

Description of the Related Art 

As personal computers have become popular in homes, digital 

15 still cameras which are capable of inputting image information about 

photographed scenes, persons, and the like into the personal 

computers have spread rapidly. Further, a cellular phone, a 

smartphone, or a tablet terminal in which a camera module for 

inputting images is installed has been increasing. Such apparatus 

20 having an imaging function uses an imaging device, such as a CCD 

and a CMOS. Recently, because the imaging device has been 

miniaturized, there has been also a demand to miniaturize the whole 

of the imaging apparatus and an imaging lens mounted thereon. Further, 

since the number of pixels included in the imaging device has also 

25 been increasing, there has been a demand to enhance the resolution 

and performance of the imaging lens. For example, there has been 

a demand for performance corresponding to high resolution of 5 

megapixels or higher, and preferably performance corresponding to 

high resolution of 8 megapixels or higher. 

30 To satisfy such demands, it can be considered that the imaging 

lens is composed of five or six lenses, which are a relatively large 

number of lenses. For example, U.S. Patent No. 8,310,768 (Patent 

Document 1) and U.S. Patent Application Publication No. 20130033765 

(Patent Document 2) propose an imaging lens composed of five lenses. 

35 The imaging lens disclosed in Patent Documents land 2 substantially 
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consists of, in order from an object side, five lenses of a first 

lens that has a positive refractive power, a second lens that has 

a negative refractive power, a third lens that has a positive 

refractive power, a fourth lens that has a positive refractive power, 

5 and a fifth lens that has a negative refractive power. 

SUMMARY OF THE INVENTION 

In particular, for the imaging lenses used in apparatuses, 

of which the thickness has been decreased, such as a cellular phone, 

a smartphone or a tablet terminal, a demand to decrease the total 

10 length of the lens has been increased more and more. Hence, it is 

necessary to further decrease the total lengths of the imaging lenses 

disclosed in Patent Documents 1 and 2. 

The present invention has been made in view of the 

above-mentioned circumstances and an object thereof is to provide 

15 an imaging lens capable of achieving high imaging performance in 

the range from the central angle of view to the peripheral angle 

of view while achieving a decrease in the total length thereof. 

Another object of the present.invention is to provide an imaging 

apparatus capable of obtaining a photographed image with high 

20 resolution through the imaging lens which is mounted thereon. 

The imaging lens of the present invention is an imaging lens 

substantially consisting of, in order from an object side, five 

lenses of: 

a first lens that has a positive refractive power and has a 

25 meniscus shape which is convex toward the object side; 

a second lens that has a biconcave shape; 

a third lens that has a meniscus shape which is convex toward 

the object side; 

a fourth lens that has a meniscus shape which is convex toward 

30 an image side; and 

35 

a fifth lens that has a negative refractive power and has at 

least one inflection point on an image side surface, 

in which the following conditional expression (1) is 

satisfied: 

l.4<f/f1<4 (1), where 

2 
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· f is a focal length of a whole system, and 

fl is a focal length of the first lens. 

According to the imaging lens of the present invention, in 

the imaging lens which is composed of five lenses as a whole, a 

5 configuration of each lens element of the first to fifth lenses is 

optimized. Therefore, it is possible to achieve a lens system that 

has high resolution performance while decreasing the total length 

thereof. 

In the imaging lens of the present invention, the expression 

10 "substantially consisting of five lenses" means that the imaging 

lens of the present invention may include not only the five lenses 

but also a lens which has substantially no refractive power, optical 

elements, such as a stop and a cover glass, which are not a lens, 

mechanism parts, such as a lens flange, a lens barrel, an imaging 

15 device and a hand shake blur correction mechanism, and the like. 

When the lens includes an aspheric surf ace, the reference sign of 

the surface shape and refractive power of the lens is considered 

in a paraxial region. 

In the imaging lens of the present invention, by employing 

20 and satisfying the following desirable configuration, it is possible 

to make the optical performance thereof better. 

In the imaging lens of the present invention, it is desirable 

that the fourth lens have a positive refractive power. 

It is desirable that the imaging lens of the present invention 

25 further include an aperture stop that is disposed on the object side 

of an object side surface of the second lens. 

It is desirable that the imaging lens of the present invention 

satisfy any of the following conditional expressions (1-1) to (10) . 

It should be noted that, as a desirable mode, any one of the 

30 conditional expressions (1-1) to (10) may be satisfied, or an 

arbitrary combination thereof may be satisfied. However, regarding 

the conditional expression (7-1), when the composite refractive 

power of the first to third lenses is positive, it is desirable to 

satisfy the conditional expression (7-1). 

35 1.5<f/f1<3.5 (1-1), 

3 
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5 

10 

15 

20 

lens, 

-3<f/f2<-0. 85 (2), 

-2 • 5<f/f2<-0 • 9 (2-1) I 

0 • 78<f/f12<2 • 5 (3) / 

0.8<f/fl2<2 (3-1), 

-2<f/f345<0 (4), 

-1.5<f/f345<-0.05 (4-1), 

-0.5<fl/f3<0.4 (5), 

-0.4<fl/f3<0.2 (5-1), 

-l<(R3f-R3r}/(R3f+R3r)<l.2 (6}, 

-0.6<(R3f-R3r)/(R3f+R3r)<l 

-4<f/f5<-0.2 

-3<f/f5<-0.4 

(7) ' 

(7-1) / 

0.5<f·tanro/R5r<10 (8), 

0.7<f·tanro/R5r<3 (8-1), 

-0.9<f/f3<0.7 (9), and 

0.05<D7/f<0.2 (10), where 

( 6-1) , 

f is a focal length of a whole system, 

fl is a focal length of the first lens, 

f 2 is a focal length of the second lens, 

f 3 is a focal length of the third lens, 

f 5 is a focal length of the fifth lens, 

f12 is a composite focal length of the first lens and the second 

f345 is a composite focal length of the third to fifth lenses, 

25 R3f is a paraxial radius of curvature of an object side surface 

of the third lens, 

R3r is a paraxial radius of curvature of an image side surface 

of the third lens, 

R5r is a paraxial radius of curvature of an image side surface 

30 of the fifth lens, 

D7 is a spacing on an optical axis between the third lens and 

the fourth lens, and 

ro is a half angle of view. 

The imaging apparatus of the present invention includes the 

35 ima~ing lens of the present invention. 

4 
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In the imaging apparatus of the present invention, imaging 

signals with high resolution can be obtained based on an optical 

image with high resolution obtained by the imaging lens of the present 

invention. 

5 According to the imaging lens of the present invention, in 

the imaging lens which is composed of five lenses as a whole, a 

configuration of each lens element is optimized, and particularly 

the shapes of the first and fifth lenses are appropriately formed. 

Therefore, it is possible to achieve a lens system that has high 

10 resolution performance in the range from the central angle of view 

to the peripheral angle of view while decreasing the total length 

thereof. 

Further, according to the imaging apparatus of the present 

invention, imaging signals based on an optical image formed by the 

15 imaging lens of the present invention, which has high imaging 

performance, are output. Therefore, it is possible to obtain a 

photographed image with high resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a lens cross-sectional view illustrating a first 

20 configuration example of an imaging lens according to an embodiment 

of the present invention and corresponding to Example 1; 

25 

Figure 2 is a lens cross-sectional view illustrating a second 

configuration example of an imaging lens according to an embodiment 

of the present invention and corresponding to Example 2; 

Figure 3 is a lens cross-sectional view illustrating a third 

configuration example of an imaging lens according to an embodiment 

of the present invention and corresponding to Example 3; 

Figure 4 is a lens cross-sectional view illustrating a fourth 

configuration example of an imaging lens according to an embodiment 

30 of the present invention and corresponding to Example 4; 

Figure S is a lens cross-sectional view illustrating a fifth 

configuration example of an imaging lens according to an embodiment 

of the present invention and corresponding to Example 5; 

Figure 6 is a lens cross-sectional view illustrating a sixth 

35 configuration example of an imaging lens according to an embodiment 

5 
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of the present invention and corresponding to ·Example 6; 

Figure 7 is a ray diagram of the imaging lens shown in Figure 

1; 

Figure 8 is an aberration diagram illustrating various 

5 aberrations of an imaging lens according to Example 1 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field) , Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 9 is an aberration diagram illustrating various 

10 aberrations of an imaging lens according to Example 2 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field) , Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 10 is an aberration diagram illustrating various 

15 aberrations of an imaging lens according to Example 3 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field), Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 11 is an aberration diagram illustrating various 

20 aberrations of an imaging lens according to Example 4 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field), Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 12 is an aberration diagram illustrating various 

25 aberrations of an imaging lens according to Example 5 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field), Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 13 is an aberration diagram illustrating various 

30 aberrations of an imaging lens according to Example 6 of the present 

invention, where Section A shows a spherical aberration, Section 

B shows astigmatism (curvature of field), Section C shows distortion, 

and Section D shows a lateral chromatic aberration; 

Figure 14 is a diagram illustrating an imaging apparatus which 

35 is a cellular phone terminal including the imaging lens according 

6 

Apple v. Corephotonics Page 252 of 287 Apple Ex. 1011



5 

to the present invention; and 

Figure 15 is a diagram illustrating an imaging apparatus which 

is a smartphone including the imaging lens according to the present 

invention. 

DESCRIPTION OF THE PREFERRED EMBODI:MENTS 

Hereinafter, embodiments of the present invention will be 

described in detail with reference to the accompanying drawings. 

Figure 1 shows a first configuration example of an imaging 

lens according to a first embodiment of the present invention. The 

10 configuration example corresponds to a lens configuration of a first 

numerical value example (Table 1 and Table 2) to be described later. 

Likewise, Figures 2 to 6 show cross sections of second to sixth 

configuration examples corresponding to the imaging lenses according 

to second to sixth embodiments to be described later. The second 

15 to sixth configuration examples correspond to lens configurations 

of the second to sixth numerical value examples (Tables 3 to 12) 

to be described later. In Figures 1 to 6, the reference sign Ri 

represents a radius of curvature of i-th surface, where the number 

i is the sequential number that sequentially increases as it gets 

20 closer to an image side (an imaging side) when a surface of a lens 

element closest to an object side is regarded as a first surface. 

The reference sign Di represents an on-axis surf ace spacing between 

i-th surface and (i+l)th surface on an optical axis Zl. Since the 

respective configuration examples are basically similar in 

25 configuration, the following description will be given on the basis 

of the first configuration example of the imaging lens shown in Figure 

1, and the configuration examples shown in Figures 2 to 6 will be 

also described as necessary. Further, Figure 7 is an optical path 

diagram of the imaging lens L shown in Figure 1, and shows an optical 

30 path of rays 2 on the optical axis from an object point at the infinite 

distance and an optical path of rays 3 at the maximum angle of view. 

An imaging lens L according to an embodiment of the present 

invention is appropriate to be used in various kinds of imaging 

apparatuses using imaging devices such as a CCD and a CMOS. Especially, 

35 the imaging lens Lis appropriate to be used in relatively small-sized 

7 
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mobile terminal apparatus, for example, such as a digital still 

camera, a cellular phone with a camera, a smartphone, a tablet 

terminal, and a PDA. This imaging lens L includes, along the optical 

axis Zl, a first lens Ll, a second lens L2, a third lens L3, a fourth 

5 lens L4, and a fifth lens LS in this order from the object side. 

Figure 14 is a schematic diagram illustrating a cellular phone 

terminal, which is an imaging apparatus 1 according to an embodiment 

of the present invention. The imaging apparatus 1 according to the 

embodiment of the present invention includes imaging lens L according 

10 to the present embodiment and an imaging device 100 (refer to Figure 

1), such as a CCD, which outputs imaging signals based on an optical 

image fo.r:medby the imaging lens L. The imaging device 100 is disposed 

at an image formation surface (image plane R14) of the imaging lens 

L. 

15 Figure 15 is a schematic diagram illustrating a smartphone 

which is an imaging apparatus 501 according to an embodiment of the 

present invention. The imaging apparatus 501 according to the 

embodiment of the present invention includes a camera unit 541 

including the imaging lens L according to the present embodiment 

20 and the imaging device 100 (refer to Figure 1}, such as a CCD, which 

outputs imaging signals based on an optical image fanned by the 

imaging lens L. The imaging device 100 is disposed at the image 

formation surface (image plane R14) of the imaging lens L. 

Various optical members CG may be disposed between the fifth 

25 lens LS and the imaging device 100 based on the configuration of 

a camera on which the imaging lens is mounted. For example, a 

flat-plate-shaped optical member, such as a cover glass for 

protecting an imaging surface and an infrared-ray cut filter, may 

be disposed. In this case, for example, a flat-plate-shaped cover 

30 glass to which a coating having an effect of a filter, such as an 

infrared-ray cut filter and an ND filter, has been applied, or a 

material having the same effect may be used as the optical member 

CG. 

Alternatively, an effect similar to the optical member CG may 

35 be given to the fifth lens LS or the like by applying a coating to 
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the fifth lens LS or the like without using the optical member CG. 

Thereby, it is possible to reduce the number of components, and to 

reduce the total length. 

Further, it is desirable that the imaging lens L includes an 

5 aperture stop St disposed on the object side of an object side surface 

of the second lens L2. Since the aperture stop st is disposed on 

the object side of the object side surface of the second lens L2 

in such a manner, especially in a peripheral portion of an imaging 

area, it is possible to prevent an angle of incidence of rays, which 

10 pass through the optical system and are incident onto an imaging 

surf ace (imaging device) , from becoming large. In order to further 

enhance this effect, it is more desirable that the aperture stop 

St be disposed on the object side of an object side surface of the 

first lens Ll. Here, the expression "disposed on the object side 

15 of the object side surface of the second lens L2" means that the 

position of the aperture stop in the optical axis direction is the 

same as an intersection point between an on-axis marginal ray and 

the object side surf ace of the second lens L2 or located on the object 

side of the intersection point. Likewise, the expression "disposed 

20 on the object side of an object side surface of the first lens Ll" 

means that the position of the aperture stop in the optical axis 

direction is the same as an intersection point between an on-axis 

marginal ray and the object side surface of the first lens Ll or 

located on the object side of the intersection point. 

25 In the embodiments of the present invention, the imaging 

lenses of the third and sixth configuration examples (refer to 

Figures 3 and 6) are configuration examples in which the aperture 

stop St is disposed on the object side of the object side surface 

of the first lens Ll, and the imaging lenses of the first, second, 

30 fourth and fifth configuration examples (refer to Figures 1, 2, 4 

and 5) are configuration examples in which the aperture stop St is 

disposed on the object side of the object side surface of the second 

lens L2 . It should be noted that the aperture stop St shown herein 

does not necessarily represent the size or shape thereof but shows 

35 the position thereof on the optical axis Zl. 
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When the aperture stop St is disposed on the object side of 

the object side surface of the second lens L2, a flare stop for 

suppressing a flare component or a ghost component may be further 

provided on the object side of the object side surface of the first 

5 lens Ll. In the embodiments of the present invention, lenses as first 

and second configuration examples (Figures 1and2) are configuration 

examples in which the flare stop is provided. It should be noted 

that, in Figures 1and2, the flare stop is referenced by the reference 

sign Stl, and the aperture stop is referenced by the reference sign 

10 St2. In this case, the aperture stop St2 is a stop that restricts 

an F-nurnber, and the flare stop Stl is a stop that restricts rays 

at peripheral angles of view. 

Furthermore, when the aperture stop St is disposed on the 

object side of the object side surface of the first lens Ll in the 

15 optical axis, it is desirable that the aperture stop St be disposed 

on the image side of a vertex of the surface of the first lens Ll. 

When the aperture stop St is disposed on the image side of the vertex 

of the surface of the first lens Ll in such a manner, it is possible 

to reduce the total length of the imaging lens including the aperture 

20 stop St. In the above-mentioned embodiments, the aperture stop St 

is disposed on the image side of the vertex of the surf ace of the 

first lens Ll. However, the invention is not limited to the 

embodiments, and the aperture stop St may be disposed on the object 

side of the vertex of the surface of the first lens Ll. The arrangement, 

25 in which the aperture stop St is disposed on the object side of the 

vertex of the surface of the first lens Ll, is slightly 

disadvantageous in terms of securing a peripheral light amount, 

compared with a case where the aperture stop St is disposed on the 

image side of the vertex of the surf ace of the first lens Ll. However, 

30 the arrangement can prevent an angle of incidence of rays, which 

pass through the optical system and are incident onto the imaging 

surface (imaging device), from becoming large in the peripheral 

portion of the imaging area in a more desirable manner. 

As in the imaging lenses according to the first, second, fourth 

35 and fifth embodiments shown in Figures 1, 2, 4 and 5, the aperture 
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stop St (St2) may be disposed between the first lens Ll and the second 

lens L2 in the optical axis direction. In this case, it is possible 

to satisfactorily correct a curvature of field. When the aperture 

stop St is disposed between the first lens Ll and the second lens 

5 L2 in the optical axis direction, as compared with a case where the 

aperture stop St is disposed on the object side of the object side 

surf ace of the first lens Ll in the optical axis direction, this 

arrangement is disadvantageous in securing telecentricity, that is, 

making the principal rays parallel to such an extent that the 

10 principal rays are regarded as the optical axis (setting an incident 

angle thereof on the imaging surface such that the angle is 

approximate to zero). Thus, by applying an imaging device which is 

recently implemented as the development in the imaging device 

technology advances and in which deterioration in the light receiving 

15 efficiency and occurrence of color mixture due to increase of 

incident angle are more reduced than in the conventional imaging 

device, it is possible to achieve optimum optical performance. 

In the imaging lens L, the first lens Ll has a positive 

refractive power in the vicinity of the optical axis, and has a 

20 meniscus shape which is convex toward the object side in the vicinity 

of the optical axis. As shown in the embodiments, by making the first 

lens Ll, which is a lens closest to the object, have a positive 

refractive power and have a meniscus shape which is convex toward 

the object side in the vicinity of the optical axis, the position 

25 of the rear side principal point of the first lens Ll can be set 

to be close to the object, and thus it is possible to appropriately 

reduce the total length. 

The second lens L2 has a biconcave shape in the vicinity of 

the optical axis. Thereby, it is possible to appropriately suppress 

30 occurrence of a high-order spherical aberration while satisfactorily 

correcting a chromatic aberration, and it is also possible to 

appropriately reduce the total length. 

The third lens L3 has a meniscus shape which is convex toward 

the object side in the vicinity of the optical axis. Thereby, the 

35 position of the rear side principal point of the third lens L3 can 
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be more appropriately set to be close to the object side, and thus 

it is possible to appropriately reduce the total length. As long 

as the third lens L3 has a meniscus shape which is convex toward 

the object side in the vicinity of the optical axis, it is possible 

5 to adopt a configuration in which the third lens L3 has a positive 

refractive power in the vicinity of the optical axis, and it is also 

possible to adopt a configuration in which the third lens L3 has 

a negative refractive power in the vicinity of the optical axis. 

As in the imaging lenses according to the first to third embodiments 

10 shown in Figures 1 'to 3, when the third lens L3 is configured to 

have a positive refractive power in the vicinity of the optical axis, 

it is possible to more appropriately reduce the total length. Further, 

as in the imaging lenses according to the fourth to sixth embodiments 

shown in Figures 4 to 6, when the third lens L3 is configured to 

15 have a negative refractive power in the vicinity of the optical axis, 

it is possible to more satisfactorily correct a chromatic aberration. 

The fourth lens L4 has a meniscus shape which is convex toward 

the image side in the vicinity of the optical axis. Thereby, it is 

possible to appropriately correct astigmatism. It is desirable that 

20 the fourth lens L4 have a positive refractive power in the vicinity 

of the optical axis. Thereby, especially at the medium angle of view, 

it is possible to prevent the angle of incidence of rays, which pass 

through the optical system and are incident onto the image formation 

surface (imaging device), from becoming large, and thus it is 

25 possible to satisfactorily correct a lateral chromatic aberration 

while appropriately reducing the total length. 

The fifth lens LS has a negative refractive power in the 

vicinity of the optical axis. A lens, which has a negative refractive 

power in the vicinity of the optical axis, is disposed to be closest 

30 to the image side of the imaging lens, whereby the imaging lens can 

be more appropriately made to have a telephoto type configuration 

as a whole, and thus it is possible to appropriately reduce the total 

length. In addition, since the fifth lens L5 has a negative refractive 

power in the vicinity of the optical axis, it is possible to 

35 appropriately correct a curvature of field. When the fifth lens LS 
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is concave toward the image side in the vicinity of the optical axis, 

it is possible to satisfactorily correct a curvature of field while 

more appropriately reducing the total length. In order to further 

enhance this effect, as shown in the first, second, and sixth 

5 embodiments, it is desirable that the fifth lens LS have a meniscus 

shape which is concave toward the image side in the vicinity of the 

optical axis. 

The fifth lens LS has at least one inflection point within 

an effective diameter of the image side surface. The ~inflection 

10 point" on the image side surface of the fifth lens LS is defined 

as a point ·at which the shape of the image side surface of the fifth 

lens LS changes from a convex shape to a concave shape (or from a 

concave shape to a convex shape) toward the image side. The inflection 

point can be disposed at an arbitrary position on the outside in 

lS a radial direction from the optical axis as long as the point is 

within the effective diameter of the image side surface of the fifth 

lens LS. As shown in the respective embodiments 1 by forming the image 

side surface of the fifth lens LS in a shape in which the image side 

surface has at least one inflection point, especially in a peripheral 

20 portion of an image formation area, it is possible to prevent the 

angle of incidence of rays, which pass through the optical system 

and are incident onto the image formation surface (imaging device), 

from becoming large. 

According to the imaging lens L, in the imaging lens which 

25 is composed of five lenses as a whole, a configuration of each lens 

element of the first to fifth lenses Ll to LS is optimized. Therefore, 

it is possible to achieve a lens system that has high resolution 

performance while decreasing the total length thereof. 

In the imaging lens L, in order to enhance the performance 

30 thereof, it is desirable that at least one surface of each lens of 

the first to fifth lenses Ll to LS be formed as an aspheric surface. 

Further, it is desirable that each of the lenses Ll to LS 

constituting the imaging lens L be not formed as a cemented lens 

but a single lens. The reason is that, compared with a case where 

35 any of the lenses Ll to LS is formed as a cemented lens, since the 
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number of aspheric surfaces increases, a degree of freedom in design 

of each lens is enhanced, and it is possible to appropriately achieve 

reduction in the total length thereof. 

Next, effects and advantages of the conditional expressions 

5 of the imaging lens L configured as described above will be described 

in detail. 

First, it is desirable that the focal length fl of the first 

lens Ll and the focal length f of the whole system satisfy the 

following conditional expression {1}. 

10 1.4<f/f1<4 (1) 

The conditional expression (1) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

focal length fl of the first lens Ll. By securing the refractive 

power of the first lens Ll such that f/fl is greater than the lower 

15 limit of the conditional expression (1), the positive refractive 

power of the first lens Ll does not become excessively weak relative 

to the refractive power of the whole system, and thus it is possible 

to appropriately reduce the total length. By maintaining the 

refractive power of the first lens Ll such that f/fl is less than 

20 the upper limit of the conditional expression (1), the positive 

refractive power of the first lens Ll does not become excessively 

strong relative to the refractive power of the whole system, and 

thus it is possible to satisfactorily correct especially a spherical 

aberration. In order to further enhance this effect, it is more 

25 desirable to satisfy the conditional expression (1-1}, and it is 

even more desirable to satisfy the conditional expression (1-2). 

1.5<f/f1<3.5 (1-1) 

1.6<f/f1<3 (1-2) 

Further, it is desirable that the focal length f2 of the second 

30 lens L2 and the focal length f of the whole system satisfy the 

following conditional expression (2). 

-3<f/f2<-0.85 (2) 

The conditional expression (2) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

35 focal length f2 of the second lens L2. By maintaining the refractive 
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power of the second lens L2 such that f/f2 is greater than the lower 

limit of the conditional expression (2), the refractive power of 

the second lens L2 does not become excessively strong relative to 

the refractive power of the whole system, and thus it is possible 

5 to appropriately reduce the total length. By securing the refractive 

power of the second lens L2 such that f /f2 is less than the upper 

limit of the conditional expression (2), the refractive power of 

the second lens L2 does not become excessively weak relative to the 

refractive power of the whole system, and thus it is possible to 

10 satisfactorily correct especially a longitudinal chromatic 

aberration. In order to further enhance this effect, it is more 

desirable to satisfy the conditional expression (2-1), and it is 

even more desirable to satisfy the conditional expression (2-2). 

15 

-2. 5<f/f2<-0. 9 (2-1) 

-2<f/f2<-0.95 (2-2) 

It is desirable that a composite focal length f12 of the first 

lens Ll and the second lens L2 and the focal length f of the whole 

system satisfy the following conditional expression (3). 

0.78<f/f12<2.S (3) 

20 The conditional expression (3) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

composite focal length f12 of the first lens Ll and the second lens 

L2. By securing the composite refractive power of the first lens 

Ll and the second lens L2 such that f /f12 is greater than the lower 

25 limit of the conditional expression (3), the composite refractive 

power of the first lens Ll and the second lens L2 does not become 

excessively weak re la ti ve to the refractive power of the whole system, 

and thus it is possible to appropriately reduce the total length. 

By maintaining the composite refractive power of the first lens Ll 

30 and the second lens L2 such that f/f12 is less than the upper limit 

of the conditional expression (3), the composite refractive power 

of the first lens Ll and the second lens L2 does not become excessively 

strong relative to the refractive power of the whole system, and 

·thus it is possible to satisfactorily correct particularly a 

35 spherical aberration and a longitudinal chromatic aberration. In 
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5 

order to further enhance this effect, it is desirable to satisfy 

the conditional expression (3-1), and it is more desirable to satisfy 

the conditional expression (3-2) . 

0.8<f/f12<2 (3-1) 

0.9<f/f12<1.8 (3-2) 

Further, it is desirable that the composite focal length f345 

of the third to fifth lenses L3 to LS and the focal length f of the 

whole system satisfy the following conditional expression (4). 

-2<f/f345<0 (4) 

10 The conditional expression ( 4) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

composite focal length f345 of the third to fifth lenses L3 to LS. 

By maintaining the composite refractive power of the third to fifth 

lenses L3 to LS such that f/f345 is greater than the lower limit 

15 of the conditional expression (4), the composite refractive power 

of the third to fifth lenses L3 to LS does not become excessively 

strong relative to the refractive power of the whole system, and 

thus, especially at the medium angle of view, it is possible to prevent 

the angle of incidence of rays, which pass through the optical system 

20 and are incident onto the image formation surface {imaging device}, 

from becoming large. By securing the composite refractive power of 

the third to fifth lenses L3 to LS such that f/f345 is less than 

the upper limit of the conditional expression (4), the composite 

refractive power of the third to fifth lenses L3 to LS does not become 

25 excessively weak relative to the refractive power of the whole system, 

and thus it is possible to appropriately reduce the total length. 

In order to further enhance this effect, it is desirable to satisfy 

the conditional expression (4-1), and it is more desirable to satisfy 

the conditional expression (4-2) . 

30 -1. 5<f/f345<-0. 05 ( 4-1} 

-1.2<f/f345<-0.05 (4-2) 

Further, it is desirable that the focal length fl of the first 

lens Ll and the focal length f3 of the third lens L3 satisfy the 

following conditional expression (5) . 

35 -0.5<fl/f3<0.4 (S) 

16 

Apple v. Corephotonics Page 262 of 287 Apple Ex. 1011



The conditional expression ( 5} defines a desirable numerical 

range of a ratio of the focal length fl of the first lens Ll to the 

focal length f3 of the third lens L3. When the third lens L3 has 

a negative refractive power, by securing the refractive power of 

5 the third lens L3 relative to the refractive power of the first lens 

Ll such that fl/f3 is greater than the lower limit of the conditional 

expression ( 5) , the negative refractive power of the third lens L3 

does not become excessively strong re la ti ve to the refractive power 

of the first lens Ll. As a result, it is possible to appropriately 

10 reduce the total length. When the third lens L3 has a positive 

refractive power, by securing the refractive power of the third lens 

L3 relative to the refractive power of the first lens Ll such that 

fl/f3 is less than the upper limit of the conditional expression 

(5), the positive refractive power of the third lens L3 does not 

15 become excessively strong relative to the refractive power of the 

first lens Ll. As a result, it is possible to satisfactorily correct 

a spherical aberration. In order to further enhance this effect, 

it is more desirable to satisfy the conditional expression (5-1). 

20 

25 

-0.4<fl/f3<0.2 (5-1) 

It is desirable that the paraxial radius of curvature R3f of 

the object side surface of the third lens L3 and the paraxial radius 

of curvature R3r of the image side surface of the third lens L3 satisfy 

the following conditional expression (6). 

-l<(R3f-R3r)/(R3f+R3r)<l.2 (6) 

The conditional expression (6) defines each of a desirable 

numerical range of the paraxial radius of curvature R3f of the object 

side surface of the third lens L3 and a desirable numerical range 

of the paraxial radius of curvature R3r of the image side surface 

of the third lens L3. By setting the paraxial radius of curvature 

30 R3f of the object side surface of the third lens L3 and the paraxial 

radius of curvature R3r of the image side surface of the third lens 

L3 such that (R3f-R3r)/(R3f+R3r) is greater than the lower limit 

of the conditional expression (6}, it is possible to appropriately 

reduce the total length. By setting the paraxial radius of curvature 

35 R3f of the object side surface of the third lens L3 and the paraxial 
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radius of curvature R3r of the image side surface of the third lens 

L3 such that (R3f-R3r)/(R3f+R3r) is less than the upper limit of 

the conditional expression (6), it is possible to satisfactorily 

correct a spherical aberration. In order to further enhance this 

5 effect, it is more desirable to satisfy the following conditional 

expression (6-1) • 

-0.6<(R3f-R3r)/(R3f+R3r)<l (6-1) 

Further, it is desirable that the focal length fS of the fifth 

lens LS and the focal length f of the whole system satisfy the 

10 following conditional expression {7) • 

-4<f/f5<-0. 2 (7) 

The conditional expression (7) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

focal length f5 of the fifth lens LS. By maintaining the refractive 

lS power of the fifth lens LS such that f/fS is greater than the lower 

limit of the conditional expression (7}, the refractive power of 

the fifth lens LS does not become excessively strong relative to 

the positive refractive power of the whole system, and thus, 

especially at the medium angle of view, it is possible to prevent 

20 the angle of incidence of rays, which pass through the optical system 

and are incident onto the image formation surface (imaging device), 

from becoming large. By securing the refractive power of the fifth 

lens LS such that f/f5 is less than the upper limit of the conditional 

expression (7), the refractive power of the fifth lens LS does not 

25 become excessively weak relative to the refractive power of the whole 

system, and thus it is possible to appropriately reduce the total 

length while satisfactorily correcting a curvature of field. In order 

to further enhance this effect, when the composite refractive power 

of the first to third lenses Ll to L3 is positive, it is more desirable 

30 to satisfy the conditional expression (7-1). 

-3<f/f5<-0.4 (7-1) 

Further, it is desirable that the focal length f of the whole 

system, the half angle of view ro, and the paraxial radius of curvature 

R5r of the image side surface of the fifth lens LS satisfy the 

35 following conditional expression (8) . 
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0.5<f·tanro/R5r<10 (8) 

The cond.i tional expression ( 8) defines a desirable numerical 

range of a ratio of the paraxial image height (f· tanro) to the paraxial 
radius of curvature RSr of the image side surface of the fifth lens 

5 LS. By setting the paraxial image height (f·tanro) relative to the 

paraxial radius of curvature RSr of the image side surface of the 

fifth lens LS such that f ·tanro/RSr is greater than the lower limit 

of the conditional expression (8), an absolute value of the paraxial 

radius of curvature RSr of the image side surface of the fifth lens 

10 LS, which is a surface of the imaging lens closest to the image side, 

does not become excessively large relative to the paraxial image 

height (f·tanro), and thus, it is possible to sufficiently correct 

a curvature of field while reducing the total length. Further, by 

setting the paraxial image height (f·tanro) relative to the paraxial 
15 radius of curvature R5r of the image side surface of the fifth lens 

LS such that f·tanro/RSr is less than the upper limit of the 

conditional expression (8), the absolute value of the paraxial radius 

of curvature R5r of the image side surface of the fifth lens LS, 

which is a surface of the imaging lens closest to the image side, 

20 does not become excessively small relative to the paraxial image 

height (f · tanro), and thus, especially at the medium angle of view, 
it is possible to prevent the angle of incidence of rays, which pass 

through the optical system and are incident onto the image formation 

surface (imaging device}, from becoming large. In order to further 

25 enhance this effect, it is desirable to satisfy the conditional 

expression (8-1) • 

0.7<f·tanro/R5r<3 (8-1) 

Further, it is desirable that the focal length f3 of the third 

lens L3 and the focal length f of the whole system satisfy the 

30 following conditional expression (9) • 

-0.9<f/f3<0.7 (9) 

The conditional expression (9) defines a desirable numerical 

range of a ratio of the focal length f of the whole system to the 

focal length f3 of the third lens L3. When the third lens L3 has 

35 a negative refractive power, by maintaining the refractive power 
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of the third lens L3 such that f/f3 is greater than the lower limit 

of the conditional expression (9), the negative refractive power 

of the third lens L3 does not become excessively strong relative 

to the refractive power of the whole system, and thus it is possible 

5 to appropriately reduce the total length. When the third lens L3 

has a positive refractive power, by securing the refractive power 

of the third lens L3 such that f/f3 is less than the upper limit 

of the conditional expression (9), the positive refractive power 

of the third lens L3 does not become excessively strong relative 

10 to the refractive power of the whole system, and thus it is possible 

to satisfactorily correct a spherical aberration. In order to further 

enhance this effect, it is more desirable to satisfy the conditional 

expression {9-1) • 

15 

-0.4<f/f3<0.5 (9-1) 

Further, it is desirable that the spacing D7 on the optical 

axis between the third lens L3 and the fourth lens L4 and the focal 

length f of the whole system satisfy the following conditional 

expression (10} • 

0.05<D7/f<0.2 (10) 

20 The conditional expression (10) defines a desirable numerical 

range of a ratio of the spacing D7 on the optical axis between the 

third lens L3 and the fourth lens L4 to the focal length f of the 

whole system. By securing the spacing D7 on the optical axis between 

the third lens L3 and the four th lens L4 relative to the focal length 

25 f of the whole system such that D7 /f is greater than the lower limit 

of the conditional expression (10), it is possible to appropriately 

suppress distortion which tends to occur when the total length is 

reduced. By maintaining the spacing D7 on the optical axis between 

the third lens L3 and the fourth lens L4 relative to the focal length 

30 f of the whole system such that D7/f is less than the upper limit 

of the conditional expression (10), it is possible to satisfactorily 

correct astigmatism. In order to further enhance this effect, it 

is desirable to satisfy the conditional expression (10-1) • 

0.07<D7/f<0.17 (10-1) 

35 Next, referring to Figures 2 to 6, imaging lenses according 
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to second to sixth embodiments of the present invention will be 

described in detail. In the imaging lenses according to the first 

to sixth embodiments shown in Figures 1 to 6, all surfaces of the 

first to fifth lenses Ll to LS are formed to be aspheric. As in the 

5 first embodiment, the imaging lenses according to the second to sixth 

embodiments of the present invention substantially consist of, in 

order from the object side, five lenses of: the first lens Ll that 

has a positive refractive power and has a meniscus shape which is 

convex toward the object side; the second lens L2 that has a biconcave 

10 shape; the third lens L3 that has a meniscus shape which is convex 

toward the object side; the fourth lens L4 that has a meniscus shape 

which is convex toward the image side; and the fifth lens LS that 

has a negative refractive power and has at least one inflection point 

on an image side surface. Hence, in the following first to sixth 

15 embodiments, only the different specific configurations of the 

lenses constituting the respective lens groups will be described. 

Since the configurations which are common among the first to sixth 

embodiments respectively have the same effects, configurations and 

effects thereof will be described in order of the sequence numbers 

20 of the embodiments, and the configurations and effects common to 

the other embodiments will not be repeatedly described but will be 

omitted. 

In the imaging lens L according to the second embodiment shown 

in Figure 2, the lens configurations of the first to fifth lenses 

25 Ll to LS are common to the first embodiment. Therefore, according 

to the respective lens configurations, it is possible to obtain the 

same effects as the respective corresponding configurations of the 

first embodiment. 

As in the third embodiment shown in Figure 3, the fifth lens 

30 LS may be configured to have a biconcave shape, and the configurations 

of the first to fifth lenses Ll to LS may be common to the 

configurations of the first embodiment except that the fifth lens 

L5 has a biconcave shape. By making the fifth lens LS have a biconcave 

shape, it is possible to set a strong negative refractive power, 

35 and thus it is possible to appropriately reduce the total length. 
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Further, in the third embodiment, according to the respective 

configurations of the first to fifth lenses Ll to LS common to the 

first embodiment, it is possible to obtain the same effects as the 

respective corresponding configurations of the first embodiment. 

As in the fourth embodiment shown in Figure 4, the third lens 

L3 may be configured to have a negative refractive power in the 

vicinity of the optical axis, and the configurations of the first 

to fifth lenses Ll to LS may be common to the configurations of the 

third embodiment except that the third lens L3 has a negative 

10 refractive power in the vicinity of the optical axis. By making the 

third lens L3 have a negative refractive power in the vicinity of 

the optical axis, it is possible to satisfactorily correct a 

chromatic aberration. Further, in the fourth embodiment, according 

to the respective configurations of the first to fifth lenses Ll 

15 to LS common to the third embodiment, it is possible to obtain the 

same effects as the respective corresponding configurations of the 

third embodiment. 

In the imaging lens L according to the fifth embodiment shown 

in Figure S, the lens configurations of the first to fifth lenses 

20 Ll to LS are common to the fourth embodiment. Therefore, according 

to the respective lens configurations, it is possible to obtain the 

same effects as the respective corresponding configurations of the 

fourth embodiment. 

As in the sixth embodiment shown in Figure 6, the fifth lens 

2S LS may be configured to have a meniscus shape which is concave toward 

the image side, and the configurations of the first to fifth lenses 

Ll to L5 may be common to the configurations of the fourth embodiment 

except that the fifth lens LS has a meniscus shape which is concave 

toward the image side. By making the fifth lens LS have a meniscus 

30 shape which is concave toward the image side, it is possible to 

appropriately reduce the total length. Further, in the sixth 

embodiment, according to the respective configurations of the first 

to fifth lenses Ll to LS corrrrnon to the fourth embodiment, it is 

possible to obtain the same effects as the respective corresponding 

35 configurations of the fourth embodiment. 
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As described above, according to the imaging lens of the 

embodiment of the present invention, in the imaging lens which is 

composed of five lenses as a whole, the configurations of the 

respective lens elements are optimized. Therefore, it is possible 

5 to achieve a lens system having high resolution performance while 

reducing the total length. 

By satisfying appropriately desirable conditions, it is 

possible to achieve higher imaging performance. Furthermore, 

according to the imaging apparatus of the embodiment, imaging signals 

10 based on an optical image, which is formed by the high-performance 

imaging lens according to the embodiment, are output. Therefore, 

it is possible to obtain a photographed image with high resolution 

in the range from the central angle of view to the peripheral angle 

of view. 

15 Next, specific numerical examples of the imaging lens 

according to the embodiment of the present invention will be 

described. Hereinafter, a plurality of numerical examples will be 

described collectively. 

Table 1 and Table 2, which will be given later, show specific 

20 lens data corresponding to the configuration of the imaging lens 

shown in Figure 1. Specifically, Table 1 shows basic lens data, and 

Table 2 shows data on aspheric surfaces. In the lens data shown in 

Table 1, the column of surface number Si shows the surface number 

of the i-th surface in the imaging lens of Example 1. The surface 

25 of the lens element closest to the object side is the first surface 

(the aperture stop St is the first), and surface numbers sequentially 

increase toward the image side. The column of the radius of curvature 

Ri shows values (mm) of the radius of curvature of i-th surface from 

the object side to correspond to the reference sign Ri in Fig. 1. 

30 Likewise, the column of the on-axis surface spacing Di shows spaces 

(mm) on the optical axis between the i-th surface Si and the ( i + 1) th 

surface Si+l on the optical axis from the object side. The column 

of.Ndj shows values of the refractive index of the j-th optical element 

from the object side for the d-line (587.56 nm). The column of vdj 

35 shows values of the Abbe number of the j-th optical element from 
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the object side for the d-line. It should be noted that, in each 

piece of lens data, as various data items, values of the focal length 

f of the whole system (mm) , the back focal length Bf (mm) , and the 

total lens length TL (mm) are respectively shown. In addition1 the 

5 back focal length Bf indicates an air-converted value, and likewise, 

in the total lens length TL 1 the back focal length portion uses an 

air-converted value. 

In the imaging lens according to Example 1 1 both surfaces of 

each of the first to fifth lenses Ll to LS are aspheric. In the basic 

10 lens data shown in Table 1, the radii of curvature of these aspheric 

surfaces are represented as numerical values of the radius of 

curvature near the optical axis (paraxial radius of curvature) . 

Table 2 shows aspheric surface data in the imaging lens system 

according to Example 1. In the numerical values represented as the 

15 aspheric surface data, the reference sign ''E" means that a numerical 

value following this is a ''exponent" having a base of 10 and that 

this numerical value having a base of 10 and expressed by an 

exponential function is multi plied by a numerical value before the 

"E". For example, this means that "'1. OE-02" is "1. Oxl0-2
". 

20 As aspheric surface data, values of coefficients Ai and KA 

in the aspheric surface expression represented by the following 

expression (A) are shown. Specifically, Z represents the length (mm) 

of a perpendicular from a point on an aspheric surf ace at height 

h from an optical axis to a plane that contacts with the vertex of 

25 the aspheric surface (the plane perpendicular to the optical axis) . 

Z=C · h 2
/ { 1+ (1-KA· C2 ·h2

}
112 }+EAi • h 1 {A) 

Here, 

Z is a depth of the aspheric surface (mm), 

h is a distance (height) from the optical axis to the lens 

30 surface (mm) , 

35 

C is a paraxial curvature = 1/R 

(R: a paraxial radius of curvature), 

Ai is an i-th order aspheric surface coefficient (i is an 

integer equal to or greater than 3).r and 

KA is an aspheric surface coefficient. 
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As in the imaging lens according to the above-mentioned 

Example 1, Tables 3 to 12 show specific lens data as Examples 2 to 

6, corresponding to the configuration of the imaging lenses shown 

in Figures 2 to 6. In the imaging lenses according to Examples 1 

5 to 6, both surfaces of each of the first to fifth lenses Ll to LS 

are aspheric. 

In Example 1, a flare stop having a diameter of 1.675 ram is 

disposed at a position of 0.101 :rom from the vertex of the surface 

of the first lens Ll to the image side, and in Example 2, a flare 

10 stop having a diameter of 1. 670 mm is disposed at a position of 0 .101 

ram f ram the vertex of the surf ace of the first lens Ll to the image 

side. But the descriptions of these flare stops are omitted in Tables 

1 and 3. Figure 8, Section A to Section D show a spherical aberration, 

astigmatism (curvature of field), distortion {a distortion 

15 aberration), and a lateral chromatic aberration (a chromatic 

aberration of magnification) in the imaging lens of Example 1, 

respectively. Each aberration diagram illustrating a spherical 

aberration, astigmatism (curvature of field), and distortion (a 

distortion aberration) shows an aberration for the d-line (a 

20 wavelength of 587. 56 nm) as a reference wavelength. The diagram of 

a spherical aberration diagram and the diagram of a lateral chromatic 

aberration diagram show also aberrations for the F-line (a wavelength 

of 486.1 nm) and the C-line (a wavelength of 656.27 nm) • The diagram 

of a spherical aberration also shows an aberration for the g-line 

25 (a wavelength of 435. 83 nm) • In the diagram of astigmatism, the solid 

line indicates an aberration in the sagittal direction (S), and the 

broken line indicates an aberration in the tangential direction (T) • 

Fno. indicates an F-nurnber, and ro indicates a half angle of view. 

Likewise, Figure 9, Section A to D to Figure 13, Section A 

30 to D show various aberrations of the imaging lenses of Examples 2 

to 6. 

Table 13 collectively shows values of the conditional 

expressions (1) and {10) of Examples 1 to 6 according to the present 

invention. 

35 As can be seen from the above-mentioned numerical value data 
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and aberration diagrams, in each example, high imaging performance 

is achieved while the total length is reduced. 

The imaging lens of the present invention is not limited to 

the above-mentioned embodiments and examples, and may be modified 

5 to various forms. For example, the values of the radius of curvature, 

the on-axis surface spacing, the refractive index, the Abbe number, 

the aspheric surf ace coefficient, and the like of the lens elements 

are not limited to the values shown in the numerical examples, and 

may have different values. 

10 Further, in the description of each of all the examples, it 

is a premise that the imaging lens is used with fixed focus, but 

it may be possible to adopt a configuration in which focus is 

adjustable. For example, the imaging lens may be configured in such 

a manner that autofocusing is possible by extending the whole lens 

15 system or by moving some lenses on the optical axis. 

[TABLE 1] 

EXAMPLE 1 
f=4.126 Bf;:;1 .111 .. TL=4.137 

Si Ri Di ndJ vdj 

1.23831 0.557 1 .54488 54.87 

*2 93 .701 48 0.01 5 --3-(AP-ERrufiE-- ---------:-------- ----~~;~---- -----------------
sT oP) . 

------------------------- __ M __ ..... _M _________ ... __ ... -----~ .... ._ ... _.,._ .. _ ................... _. ...... ._ ____ .. 

*4 -1 2.66265 0.334 1 .63351 23.63 
,_ ________ ~§ ____________ ?.JiOO?_!P._ ______ g~g1;,L __ ----------------

*6 3.15915 0.253 1 .63351 23.63 
*7 4 .551 63 0 .506 

~-------------------- ---------------- -------------- --------------
*B -3.56285 0.379 1 .63351 23.63 
*9 -3.58353 0.258 f<-·------------------- ---------------- -------------- -----------

*1 0 1 .98236 0.396 1 .54488 54.87 
*11 1 .2391 0 0.500 

f.-... - .. --... --.. --------- -----.--------- -------------- ---... --------- ------------

1 :2 00 0.300 1 .51633 64.14 
13 co 0.413 

~-----· ...... - .. ---... ---... - --------------- -------------- ------------- -------------
14 00 

>1<:ASPHERIO SURFACE 
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[TABLE 2] 

EXAMPLE 1 • .PSPHERIO SURFACE DAT A 
SURFACE 

KA A4 A6 AB 
NUMBER 

1 9 .75891 22E-01 -2.672911 BE-02 4 .7204449 E-02 -2.621 Bi 67E-01 
2 1 .0000090E+OO -7.9154953E-02 B .8384460E-02 -6.1197BBBE-03 
3 -1 .6BOOOOOE+OO -3.8300234 E-02 3 .74581 50E-01 -2.7551593E--01 
4 3.1182039E+OO -7.3707562E-02 1 .21 26243 E+OO -4.9458531 E+OO 
5 6 .9999076E-01 -2.6329653 E-01 2 .4B73169E-01 6.B422BOOE-02 
6 1.0000249E+OO -1 .9056021 E-01 1 .20881 BBE-01 7 .81 89995 E-02 
7 -2 .1 OOOOOOE+01 - 7 2840681 E-02 -3 .3284653E-01 5.2042516E-01 
8 --2 .85561 98 E+OO -1 2163394E-01 1 .7522262E-02 -1 .067621 OE-02 
9 -1 .4000005E+01 -4.3055564E-01 2 .7976405E-01 -9.4994461 E-02 

10 -5 .9077860E+OO -2.752045BE-01 2.0923136E-01 -1 .1 952221 E-01 
A10 A12 A14 A16 

1 4 .0997871 E-01 -4.5226437E-01 1 .0665075E-01 -B .1 871 346 E-02 
2 --2.0357974E-01 -9.6694SB2E--01 2.1915571 E+OO -1 .2401354E+OO 
3 -3 .844 7870E-01 -3.1121039E-01 2 .3020BOOE+OO -1 .6056084 E+OO 
4 1 .7803254E+01 -3 .9765240E+01 4.8323265E+01 -2 .3566996E+01 
5 4 .9267BB6E-01 -2.4199414E+OO 3.45717B9E+o0 -1 .8021267E+OO 
6 1 .41 86946E-01 -2.2779898E-01 -1 .564444BE-02 4 .4672840E-02 
7 -4 .7544BB3E-01 2.5326186E-01 -1 .595321 2 E-02 -2.5450777 E-02 
B 3 .281 9033E-02 -8 .8256572 E-03 -7.6BOB797E-03 3 .0337699 E-03 
9 1 .2737276E-02 1 .7450700E-03 -6.1232629E-04 3.3350877E-05 

10 4.5143417E-02 -1 .0711 328 E-02 1 .3898779E-03 -7.1397774E-05 
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[TABLE 3] 

EXAMPLE 2 
f=4119 8f=1 069 TL-4120 . -

Si Ri Di ndi Vdi 

*1 1 .23597 0.557 1 .54488 54£7 

*2 ___ _t§.:~I.Q§.1 ___ _ __ Q!.Q-~_Q ____ -------------- -----------------3(APERTLiRE-
00 0.081 

------~I_QJ?J_ ____ ...... __ .... ____________ --------------- ---------------- ---------------
*4 -1929047 0.334 1 .63351 23.63 

----------~-!2 __________ -----~J_Q§P-6 ____ _ __ Q:.?_1.~---- ----------------- ---------------
*6 2.53139 0.265 1.54488 54.67 

---------~] __________ _____ ?_lQlQ~----· _____ Q~g..Q_g _____ ·--------·------- _ .......... __________ 
*8 -3.97938 0.417 1.63351 28.63 

_________ !.§! _________ ___ :-1.:Z.11!!_[ ___ _ ___ o.~_!?.§ _____ ~ .. ____________ --------------
*10 5.09366 0.370 1.63351 23.63 
*11 ___ .l ..... ~1.§..~1 ____ ____ QJ?.QO ·-- -------------- --------------------------------
12 co 0.300 1.51633 64.14 
13 co 0.372 ------------------ __ ... .,_ ..... ______ .. ------------ ~------------ ----...... -- ...... --
14 00 

*:ASPHERIO SURFACE 
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[TABLE 4] 

EXAMPLE 2 • Jl.SPHERIO SURFJ\OE DATA 
SURFACE 

KA A4 A6 AB NUMBER 
1 -6 .9000900E-01 7 .8401 227 E-02 4.8724169E-02 -3.1 032450E-01 
2 1 .OOOOOOOE+OO -1 .41 79856E-01 1 .2622B36E-01 -3.1360196E-02 
3 1 .OOOOOOOE+01 -7.7610199E-02 4.1593603E-01 -1 .7738968E-01 
4 3.11 B2039E+OO -3.5937525E-02 9 .8686897E-01 -3 .28050BOE+OO 
5 3.1 B72442E-01 -2.791 512BE-01 2 .8423559 E-01 -2.1 B20589E-01 
6 -5 .0999884E-01 -1 .9620120E-01 1 .1264694E-01 -3.2207096E-01 
7 -B.8745315E-01 -7.2840681 E-02 -6 .8446726 E-01 2.6980741 E+OO 
8 -2 .3946942 E+OO -2.3349B99E-01 8 .5626683 E-02 -B.4 7803BOE-02 
9 -1 .0079967E+01 -7 .6948035E-01 7 .179B466E-01 -2.99031 50E-01 

10 -1 .3546000E+01 -3.484B072E-01 2 .9750460E-01 -1 .5469280E-01 
A10 A12 A14 A16 

1 7 .397545BE-01 -1 .2B53745E+OO 1 .0201759E+OO -4.15731 B3E-01 
2 -3.1147565E-01 -2.5924164E-01 1 .135465BE+OO -7.4361120E-01 
3 -7 .7126641 E-01 9.2770917E-01 5.6561 007E-01 -B.0673585 E-01 
4 1 .1724933E+01 -2.752241 3 E+01 3 .6438963E+01 -1 .9556633E+01 
5 6 .46391 21 E-01 -1 .6044352 E+OO 22177373E+OO -1 .1204967E+OO 
6 B.7B09423E-01 -1 .2333009 E+OO 8.1561 032E-01 -1 .61 B2400E-01 
7 -B.5699151 E+OO 1 .3930093 E+Ot -1 .1 707336E+01 3.6414691 E+OO 
8 1 .8481 830E-02 -7.3019643E-02 6.5021917E-02 -6.0493130E-03 
9 5 .3075607 E-02 1 .4586291 E-03 -1 .95591 57E-03 2.1244648E-04 

10 5.0295407E-02 -9.7601 077 E-03 1 .0070371 E-03 -4 .1 856063 E-05 
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[TABLE 5] 

EXAMPLE 3 
f=4.117 8f=1.12S TL=4.117 

SI Ri Di ndl Vdi 
1 (APERTURE 

______ §J_Qpl_______ _ ____ : ______ ---~-~_::___ -------------- -------------
1 .21258 0.482 1 .54488 54.87 

*3 11 .5731 2 0.141 

*4 -7 .67379 0202 1 .63351 23.63 
_________ :!§ _____________ :I~1§§_1_1 _______ Q,g_~-~----- ---------------- ----------------

*6 5 .09875 0287 1 .63351 23 .63 
__________ !? ___________ _! Jj_~g_?_l~I_~_!?__ _ ___ QP.!I_?_____ ----------------- ---------------

*13 -2.51969 0.364 1 .54488 54.87 

----------~---------- _:-J_J_Q.7_®_ ____ Q~.1_f? ____ ---------------- --------------
*10 -2.07885 0.253 1 .54488 54.87 
*11 2.90776 0500 ----------------------· --------------- ---------------- ---------------- ---------------
12 co 0.300 1 .51633 64.14 

_________ J_;t_________ _ ____ .:.?., ________ Q~1,g_!;i_____ --------------- --------------
14 00 

*:/.SPHERIC SURFACE 
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[TABLE 6] 

EXAMPLE 3 • ASPHERIO SURFACE DAT A 
SURFACE 

KA A4 A6 AB NUMBER 
1 -5 .9868050E+OO 4.864112BE-01 -7 .9546902E-01 2.1 01 7252E+OO 
2 1 .9240955E+OO -5.3B53512E-02 2.1154063E-01 -4.401 744BE-01 
3 1 .0921 760E+01 -9 .5725484 E-02 7 .594344 7E-01 -1 .9145B69E+OO 
4 42702877E+OO -7.3659102E-02 7 .7800384E-01 -1 .3378460E+OO 
5 -3 .0446805 E-01 -2.3909795 E-01 3.8056203E-02 -5.1291279E-02 
6 -4 .1 65281 5E+OO -2.01 891 B2E-01 1 .5477070E-01 -B.7156700E-01 
7 1 .5660356E-01 5.7683409E-02 -3.0103142E-01 4.B387321 E-01 
B -2.541 6033E+OO 1 .0901372E-01 -2.BB41662E-01 4.5116212E-01 
9 -2.BBB6199E+01 -2.1705115E-01 1 .5308753 E-01 -3 .956205BE-02 

10 -9.1 B51222E+OO -2 .2493967 E-01 1 .6877855E-01 -9.7203848 E-02 
A10 A12 A14 A16 

1 -4.6930095E+OO 7 .37BB098E+OO -6 .6387072 E+OO 2.5968201 E+OO 
2 7.2411728E-01 -5 .0309707 E-01 -2.0972869E-01 4 .1 332784 E-01 
3 3.6385814E+OO -4.9B96476E+OO 4 .2590990E+OO -1 .69421 32 E+OO 
4 4.0930579E-01 5.4769361 E+OO -1 .1317295E+01 7.51 B5167E+OO 
5 5 .3246530E-01 -1 2087019E+OO 2.1064446E+OO -1 .351 4237 E+OO 
6 2.7793661 E+OO -4.6106123E+OO 4.3246333E+OO -1 .6422211 E+OO 
7 -5.4851 430E-01 3 .601 3932 E-01 -9.6281745E-02 3.493681 BE-03 
B -3 .2780850E-01 1 .2031 21 3 E-01 -2.1115167E-02 12566134E-03 
9 -6.4447571 E-05 2.491 5794 E-03 -5 .5626637E-04 4.0995922E-05 

10 3.7535798E-02 -9 .21 50833 E-03 1 2851 71 3E-03 -7.5129992E-05 
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[TABLE 7] 

EXAMPLE4 
f::::4.555 Bf:::1 .538 TL::::4.260 

Si Ri Di ndi Vdi 

0.99476 0.506 1 .54488 54.87 

*2 253 .01 381 0.046 -3-(AP-E"R"ruRE-- ---------------- -------------- ----------------- ---------------
_____ §1-QPl. _____________ : ________ ----~~~:~---- ----------------- ----------------

*4 -22.24707 0.152 1.63351 23.63 
________ !~----------- __ J _ _,2~I~!L _____ Q~?1.9 ____________________________________ _ 

253.00000 0.253 1.63351 23.63 
_________ !]. ___________ --~.§.Q?.;;!?_1 ______ Q}?.9.fi _____ ----------------- -----------------

*8 -1 .90297 0.354 1.63351 23.63 

---------~---------- ---1_J_§Q~_g _____ QJ_gj _____ ---------------- ---------------
*10 -3.16206 0.455 1 .54488 54.87 

________ !U __________ ---~~~t19-L _____ Q:9.9Q ___________________________________ _ 
1 2 co 0.300 1 .51633 64.14 

________ J_g __________ -------~------- ___ QJ~.J.1Q ____ ----------------- ----------------
14 co 

*:ASPHERIO SURFACE 
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[TABLE 8] 

EXAMPLE 4 · ASPHERIO SURFACE DATA 
SURFACE 

KA A4 1¥5 PB NUMBER 
1 1 .1 921 937E+OO -2.8552244 E-02 1 .9464672E-02 -1 .7622814E-01 
2 -7.2205120E+OO 1 .00091 25 E-01 5.6965587E-02 -1 .21 2B920E-04 
3 -1.680009BE+OO 4.3862266 E-01 -2.5955621 E-01 -3.0871 421 E-01 
4 3.1182039E+OO 4.9953409E-Ot 7 .497901 5E-01 -4.0780165E+OO 
5 -1 .6495744E+01 -7 .5670799 E-04 4 .67031 85E-01 6.5512652E-03 
6 9 .8999036E-01 2.7502524E-02 2.3242844E-01 -7.5662102E-02 
7 -6.1 085232E+OO -7.2B406B1 E-02 -6 .1 939901 E-02 4.0213149E-01 
B -1 .931 7843E+OO 2 .9226488 E-03 1 .62794B5E-02 -1 .1 936707E-02 
9 -1 .4000001 E+01 -1 .4394163E-01 1 .295851 9E-01 -6 .99034 75 E-02 

10 -1 .354EiOOOE+01 -2 .3244696 E-01 1 .8331 804E-01 -1 .1 22361 2 E-01 
A10 A12 A14 A16 

1 4 .3011 057 E-01 -4.4272734 E-01 9.707905BE-02 -6.1193103E-02 
2 -1 .7377307E-01 -9.7305688E-01 2.2005578E+OO -1 .2311 427 E+OO 
3 -4 .2662287 E-01 -2.341 31 49 E-01 2 .5428004 E+OO -1 .9963875E+OO 
4 1 .8205811 E+01 -3.8842459 E+01 6.3021364E+01 -5.0226007E+01 
5 8 .631 0550E-01 -B.0002749E-01 3.612541 SE+OO -1 .5876512E+01 
6 5.4526971 E-02 -6.2891755E-02 22916270E-01 -1 .9122565E-01 
7 -4.7056467E-01 2 .41 3091 2 E-01 -2.743591 SE-02 -2.7992163E-02 
B 2.7648276E-02 -8.7177546E-03 -7 .5782951 E-03 1.4110223E-03 
9 1 .311 51 67E-02 1 .8723448 E-03 -5.6945481 E-04 -2.7551 420E-06 

10 4 .4224273 E-02 -1 .0817291 E-02 1 .397816BE-03 -7.0001151 E-05 
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[TABLE 9] 

EXAMPLE 5 
f=5 956 8f=2 438 TL=5171 

Si Ri Di ndi Vdi 

*1 1 .12444 0.546 1 .54488 54.87 

*2 _£.~2.:~Z9-9-~t ____ Q~Q?_Q ____ 
-3-(A.P-Efir-uFiE- ---------------- _______ .. _ ... _ .... _ .. __ 

o::> 0.069 ______ §I_Q.P] ______ ------------------ ------------------ -------M·---..... - ... M•--------------
*4 -18.78836 0.227 1 .63351 23.63 
*5 2.:25616 0.243 ------------------- ------p---..... --~ ................ _ ... ____________ ------------------ -------------------
*6 506.45581 0.253 1 .63351 23.63 

________ !:_l_ ________ __ :t~§.~§.Q __ ___ Q~!?.Q§. ____ ----------------- _ _. ...... _____ .., ______ 

*B -99.83715 0.506 1 .63351 23.63 
*9 -1 .70702 ____ QJ_QQ ____ f-------------------- --------------- --------------- ---.... -... -·-... --.... -
*10 -2.17464 0.253 1 .54486 54.87 
*11 3.61429 0.500 ------------------- --------------- -------------- -----------.. --...... 

__ .... _ ... ______ 
12 co 0.300 1.51633 64.14 

_____ J_~-------- co ____ L?_1.Q ___ -------------- ------------ _____ .,._,,,_ .. _ 

14 co 

*:ASPHERIC SURFACE 
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[TABLE 101 

EXAMPLES· .ASPHERIO SURFACE DATA 
SURFACE 

KA A4 Afj AB 
NUMBER 

1 6 .9377302 E-01 -B.6315370E-03 -2 .9322827 E-03 -2.8236519E-01 
2 1.0000090E+o0 1 .0299728 E-02 -3 .3338B83E-02 -3.5854402 E-01 
3 9-8073731 E+OO 4.1860316E-01 2.4161475E-01 -7 .6003670E-01 
4 3.11B2039E+o0 4.6995645E-01 1 51 49631 E+OO -2.71 01 440Et00 
5 6.1881621 E-01 -1 .9777356 E-Ot 1 .51 04B59E+OO -1 .5044509E+OO 
6 9.9999979E-01 -1 .381 5608E-01 8 2457564E-01 -:-4.9516542E-01 
7 3.2258104E-01 -7 2840681 E-02 1 566331 3E-01 9 .8367802 E-02 
B -2.629201 OE+oO 1 .13796B9E-01 -1 .7291781 E-02 2.9845655E-02 
9 -1 .4000002 E+01 -4.4092972E-02 9 .9278653 E-02 - 7 .7922450E-02 

10 1 .3000586E-01 -1 .831 5230E-01 1 .375B774E-01 -9 .0542240E-02 
A10 A12 A14 A16 

1 3.6582042E-01 -4 2487703 E-01 -2 .2631 039E-01 -2.0344291 E-02 
2 -2.159941 ZE-01 -4 .4917846 E-01 2 .56001 40E+OO -1 .968711 6 E+OO 
3 -7 .7068397E-01 2.7743135E-01 2 .0383002E+OO 7.42591 OOE-01 
4 1 .3698992E+01 -3.81 32984E+01 5 .11 07685E+01 -2.7851932E+01 
5 1 .4799995E+OO 1 .B815842E+01 -1 .1 654 772E+02 1 .7961 509 E+02 
6 2.311941 OE+OO -1 .5309306E+01 2.6135941 E+01 -1 .076251 6 E+Ot 
7 -2 .7569022E-01 1.7783105E-01 -4.926147BE-02 3.941926BE-03 
8 1 .7970251 E-04 -2.1 611961 E-02 4 .0098433E-03 1 .4 790761 E-03 
9 2.0967820E-02 4.6775947E-03 -9 .1 757326E-04 -4 .2752923 E-04 

10 4 .2054637 E-02 -1 .3115957E-02 2.7031 329E-03 -1 .9876871 E-04 
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[TABLE 11] 

EXAMPLE 6 
f=4 428 8f=1 424 TL=4 387 . 

Si Ri Di ndi Vdi 
1(APERTURE co -0.278 _______ §I_Qpl_ _____ ----------------- --------------- -----------·--- --... -.......... _ ... _ ......... _ 

*2 1 .17174 0.557 1.54488 54.87 

*3 10121828 0.101 
----------------- ------------ ------------ -------------- ------------

*4 -8.52605 0.334 1 .63351 23.63 
------~;; ________ --~:.1-924.~-- ___ Q.£4~--- ,__ _____________ 

,-------------
*6 253.12530 0.354 1 .54488 54.87 
*7 i 7.08468 ___ Q_.;!!:2Q ____ ...._ ____________ --------------------------------- -------------
*B -4.62732 0.427 1 .63351 23.63 

--------~!:'--"------ -2.28837 ___ Q_,£4§ ____ ---------------------------- --------------
*10 2.81503 0.351 1 .63351 23.63 
*11 1 .45940 0.500 ------------------~------------- ------------ -------------- -----------
12 00 0.300 1.51633 64.14 

__________ 19-_ __________ co ____ Q_.72§ ___ .._ ...... __ ,.,..._, ______ 
... -... ------------ __ ,.._,,. ___ .,. ___ ... 

14 co 

*:.ASPHERIO SURFACE 
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[TABLE 12] 

EXAMPLE 6 · A.SPHERIC SURFACE DAT A 
SURFACE 

KA A4 A6 A8 
NUMBER 

1 3 .6B98607E-02 4.13250B9E-02 7 .7959667E-02 -3.1320039E-01 
2 -2.3337736E+01 -7.0438383E-02 1 .2689897E-01 -1 .651 0709 E-02 
3 1 .451 21 BOE+OO 1 .0524624 E-01 2.7959740E-01 -1 28821 28 E-01 
4 3 .11 82039 E+OO 2.0460167E-01 9 .378871 OE-01 -3.1 OB3520E+OO 
5 7 .OOOOBOOE-01 -1 .7148265E-01 2.9051 562E-01 -5.2650666 E-02 
6 3.5470814E-01 -1 .91 761 SBE-01 1 .7502659E-01 -3 .4890662 E-01 
7 -2 .3602970E+OO -7 2840681 E-02 -8.4242604E-01 2.9509268 E+OO 
B -1 .8311 731 E+OO -2.6699460E-01 9.1126040E-02 -1 .0539776 E-01 
9 1 .0044588 E-01 -7.9144306E-01 7 .1344844E-01 --2 .9852745 E-01 

10 -1 .0909351 E+01 -3.397041 SE-01 2.9B95759E-01 -1 .5487925 E-01 
A10 A12 A14 A16 

1 7.3615786E-01 -1 .2805754 E+OO 1 .0422927E+OO -4.0402215E-01 
2 -3.361 B937E-01 -3.171041 OE-01 1 .2488311 E+OO -7.8867528E-01 
3 -6.9518976E-01 8.8551140E-01 3.351381 4E-01 -5.97641 OBE-01 
4 1 .1989263E+01 -2.7274104E+01 4.1138655E+01 -2.6221811 E+01 
5 1 .279921 5 E+OO -6 .0805643 E-01 -6.570141 7E+OO 1 .0955959E+01 
6 B .6734211 E-01 -1 .2626762 E+OO 8.7271985E-01 -1 .2234385E-01 
7 -B.6810396E+OO 1 .3687948 E+ot -1 .1 500705E+01 3.7304276E+OO 
B 1 .2739701 E-02 -7.4356044E-02 6.454902BE-02 -1 .2957543E-02 
9 5 .34 75537 E-02 1 .5902396 ~03 -1 .9540075E-03 1 .71 22320E-04 

10 5 .02781 07 E-02 -9.7894164E-03 1 .0056192E-03 -4.1181094E-05 

(TABLE 13] 

VALUES IN CONDITIONAL EXPRESSIONS 
EXPRESSION CONDITIONAL 

EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE4 EXAMPLE5 EXAMPLE6 
NUMBER EXPRESSIONS 

(1) f/ft 1.B 1 .7 1.58 2.49 2BB 2.04 
(2) f/f'2 -1.22 -0.98 -1 .1 -1 B3 -1 .88 -1.25 
(3) f/f12 0.91 0.98 OB4 1.17 152 1.14 
f4l f/f345 -02 -0.37 -0.08 -0.42 -1.04 -0.46 
[5) ft/f3 0.15 0.00 02 -0.03 -0.3 -0.16 
(6) {R3f-R3rVCR3f+R3r) -0.10 -0.03 -0.48 0.73 0.98 0.95 
(7) f/f5 -0.55 -1.1 -1BB -1 .51 -2.43 -0.83 
(B) f-tanb) /R5r 1.7 OB6 15 1.66 1.44 1 .64 
(9) f/f3 027 0.09 0.34 -0.06 -OB6 -0.33 

(1 O) 07/f 0.12 0.12 0.14 0.11 0.00 0.08 

5 
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Docket No": 
Only After Sept 16, 2012 

ASSIGNMENT \VITH DECLARATION FOR PATENT 
APPLICATION (37 CFR 1.63) 

~llf l±Uii:i:~lt&ltilifllt (37 CFR 1.63) 

Japanese Language Assignment with Declaration 

r:xa1::•~ L.t:::§§IJl::fi cw.r: "•SA." ) 1:if>~~/ftq 
It .. 1'!2-C::~~~tL~l:fUiW!m:©tPl:::tan~tt.t::.I.' < ?-fJ\ 

O)ii:!ilf::?I. '"C~!Jit:ffL ' .. a:t::. .. 

3±71' Jvk~tx.t*tt <•5tA) 1~;$:1±lliiJSJ::lt;f:§§11JJ1:: 
M"f".g~-CO)ft~k *lmt .. liJ::v~J~ .. fJ:i;ttl::~~l±lli 
ifSJ:: tt§§!Jlf::M L "C~ i;ti,.g*t!J!ftf-fO)J&1't:$~ L. -CL' 
i>t:::.fb .. 

;: ;: 1:: ... •S}..J;t: .. J:.!t!r.1:¥t.A.."O')r.lifi::ll L., *FJ~O)~ 
-~:i:ltg;: t t:iiii l,,, 

J:.!t!r.ISA 1:if>~~/¥!41<1: .. *m'.11&1::.J:: tJ .. 
J:.icti~~tLt:::.•:¥tA. .. :f©~*!l::fiifSJ:: tt*il~Af::M 
L."C .. W."f©:t:-C~~~ .. r.1-iJSJ::~~L*To 

T~-c©~~w&liJ::tt~l±l•~afb-c .. 7~ 
1J 7J€iffef.il1:1mff.:~tl..t:::;f:W&liJ::v;$:fte.l':!f::M 
T .g ~ -c ©fl"J.. ti.mt 1J J:: tt*11~ .. 

fJ: i;t$!:: .. 
~WMIJ:iSJ::v§§i#Jf::M L -C3Ci-t~nt:::*fll~£lf 
iiliJ::v~O):t:-C©~§§ff C*f.il~f-f5*.119 ~ 
1::.£? < il$'C:fl::!::~©*l~i~tfti) 1:.:M"t ~:t:-c 
0'):11~1.. :111ma J:: tt;f!J~., 

ii *-t::. .. *fll~A"fitt;•J~Hl'i'l:.:M L. -c .. ;$:tfili1:!2~~ 
nt:::§§1J11::::t-t 1.... -c3C1-t~nt::.~ffa~m:i:A .. 'f©~ 
-~ifS J:: tt*fl~Al::M L.§§fiT .S, J::? ~~it l-.. *-f::..., 
:ii:OO©Mli~:i:rt~ ~ c fJ: < .. r.1:¥t.A.©l!;*f::::i;t; C 
-c.. *l!:lH:ifiU:.:11)1 l. -cm~A.n<~~ t i/j.f.f.TT ~ "C 
©IJ:li©:ffilit~~ • ~:B ~ff!.. '*T., 

~1;t:r:iar::.1a1.t©~~• t L- -c W.1'0)~ 1.J 1i'i' L. *t"" 

* r.m:w•i-t~liillll J ltW:'Fl::llT g .t,(])-C:T" 
0 iii>t©lliB• .. i:t::.l<t 

Vv'hereas, Lf\Ve, the undersigned inventor(s) hereinafter called 
assignor(s), have invented certain improvements described in the 
application identified below; and 

\A..'hereas, FUJIFILM Corporation (assignee), desires to acquire 
the entire right, titie, and interest in the application and invention, 
and to any United States patents to be obtained therefor; 

Now therefore, for valuable consideration, receipt whereof is 
hereby acknowledged, 

I!We, the above named assignor(s), hereby sell, assign and 
transfer to the above named assignee, its successors and assigns, 
the entire right, title and interest in the appiication and the 
invention disclosed therein for the United States of A.1nerica, 
including all divisions, and continuations thereof: and all Letters 
Patent of the United States that may be granted thereon, and all 
reissues thereof, including the right to claim priority under 35 
USC § l 19, and Iiwe request the Director of the US< Patent and 
Trademark Office to issue any Letters Patent granted upon the 
invention set forth in the application to the assignee, its 
successors and assigns; and Vwe will execute without flli"iher 
consideration all papers deemed necessary by the assignee in 
connection with the United States application when called upon to 
do so by t.1-ie assignee. 

As the below named inventor, I hereby declare that: 

This assignment with declaration is directed to: 
iZ! The attached application, or 

0 ----~-Fl_S 1::1fili~nt:::*!Jllliliif>~ !.'!<!: D United States Application or PCT Intemational Application 
Nurnber·------~----Jtledon March 26, 2014 
(Confirmation No.J...fi9.2). 

PCT !Jl~W•fii§- 14/226 I 172 

·-----------------· Ci!i~H ) 

The application is entitled: 
"IMAGING LENS AND IMAGING APPARt\TUS 
INCLUDING THE IMAGING LENS" 
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Japanese Language Assignment with Declaration 

J:i2J::~J£ ~ht:: tl::lfiH<t~f.l"11>Rl L. t.::~ * t:: lcl:f'F Jlt ~ ~ iiJ The above identified application was made or was authorized to be 

1.,, t.:: -t cr.rt:"t" made by me. 

lf'Afj::fb.tJ<*ll"i"\iiJ'it!~* ~ti, -CL '~350..fH~:: ~ 1~.dJ: L.t.:35 I believe that I am the original inventor or an original joint inventor 

Wi:.ff .. *t::ii:1t!Eil~l!ll~-r! ~ Q l: m c *"to of a claimed invention in the application. 

~1.t*llifi-t~mill•1::t:>1.. ·-c~111::~ ~ht::-t/1©.til~ I hereby acknowledge that any willful false statement made i....'1 this 

©~ii!if.)\ 18 USC 1001 i::~?~fi]~~~I., \f;t: 5 ~*~O')ftij assignment with declaration is punishable lli'lder 18 USC 1001 by 

~°*f.:li:iifii7.fl::J: ~9A!ilf::~t.::~;: C: ~JIM L "CL '*To fine or imprisonment of not more than five (5) years, or both. 

STATEMENT OF ACCURATE TRAl'fSLATION IN 
I Atsushi Nakamura I 

ACCORDANCE WITH 37 CFR §1.69(b): 
Signature 

lit sushi Nakamura 
The assignment with declaration lS an accurate translation of the -----------------------------~---------------~------------------------------------

corresponding English language assignment with declaration. 
Date September 16, 2012 

NAJ\1E OF SOLE OR FIRST INVENTOR: 
l!i-IY.>~1. \l;:l::jg-©~l!fl~~ 

Given Name (first and middle [if any]) Family Name or Surname 

~ ( [~?M"t{)fi-ft] ~ t"J!.<*-.k) TaiSU'fctki Y!: OGINO 
---~ 

Inventor's 
signature --Tel-!· s ll Yu l.' C9;1io 

Date 
}cl,11 ITT,, 2C 14 ~EJJ'1t©"'~ 1C.1 r:H-t 

NAMI\ OF SECOJ\:TI IJ\:7VENTOR: 
jg=.©~l!fl~~ 

Given Name (first and middle [if any]) Family Name or Surname 

I 
:8i ( (~~"t~:!lft] ~ i-:11-:-t--k) Iv1ichio ~ CHO 
Inventor's 
signature / / .. DI-Jr- Date "" /1.·{{-e/?~'-" ) C'-v:> {)ii Lett+-
§e~~O)i,1;8i .. SN . I I ' \ 

NA.tV...E OF THIRD INVENTOR: 
m.=:.©~BJJ:j!~ 

--------------------~------ ~~~~~-------~ 

Given Name (first and middle [if any]) Family Name or Surname 

~ ( [~?M"t{):ll~J ~ t-*Jt.<::f--.k) Yoshiaki Y!: ISHII 
Inventor's 

·~~µ J~~ 
I 

signature 
I 

Date 

~""· t>7f 2411$[ ~a,fi~©"':ti Sf-t 
NAME OF FOURTH .lWVENTOR: 
jgj;tljjO)~l!f!'1t~ 

Given Name (first and middle [if any]) I :mily Name or Surname 
:8i ( [~~T ~:lift]~ !-" Jt,:f.-k) 
Inventor's 
signattrre Date 
~~~©JI-~ Sf-t 
NAJ\1E OF FIFTH INVENTOR: 
jg 1i ©§ll~ ~ :8i 

Chven Name (first and middle [if any]) I Family Name or Surname 

-~£~ra;T {,Ji-ft] ~ £ J(,*-1=t_ _____________________________________ J __ ~----------------------------r----------------------------------------

signatu.re I Date 
§!l!f!=!ia>•~ I s 1-t 
NA.ME OF SIXTH INVENTOR: 
jg;;'\(])~ !!fl '1t ~ 

~i~e~~~1;ei:~ ~t~d ~~:l~f~)any]) I :mily Name or Surname 

-------------------------------------------------------·-----------------------------------------------------------------------------------------"'-----------------------------------------------r·----------------------------------------------------------------------------
Inventor's signature ~te 
~~:jf O)Jfl-~ s f;j' 

--------------------------
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