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TEMAT A – Rozszerzenie mechaniki 
 
A1.  To pytanie dotyczy równowagi.  
 

:\MD�QL465�798 GDQ : V\WXDFM : LOXVWUXM ; VW :=< UyZQRZDJL� 
 
(a) Satelita ]LHPVN > <�:@? UELFL ;BA�? VLDGDM� 5C8ED WDá� V]\ENR�ü    [2] 
 
........................................................................................................................................... 
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(b) 0Dá FHG L
*DUH IKJ DZLHV]RQ L@M�N QLF O%P VWUXPLHQL Q�R RZLHWU] N WDNLP��* SBM L T WZRU] LEU WDá L@I �W�� J SLRQHP 

- jak pokazano na rysunku                 [2] 
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A2.  Pytanie dotyczy rzutu poziomego. 
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���� 
VWRWOLZR�FL� ��� ]GM
 � Q � VHNXQG
 �F ��� �� � MHGQ �
]GM
FLH���5\VXQH � REUD]XM � Z\QL � WH ��� IRWRJUDIRZDQL �� U]HGVWDZLRQ ! Q � WO � Sapieru milimetrowego. 
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�L % VWDá� SU
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(ii) przyspieszenie w swobodnym spadku      [2] 
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=D]QD ������� U\VXQN � SRáR*HQL 	 NXON 
�� FKZ 
  
 ���� ����� VWDUFL 	       [3] 

   
3RQL*H� PD ��� PLHMVF ����� GRNRQDQL ��� LH]E
GQ\F ��� EOLF]H� SRPRFQ\F ��� GRNáDGQ\ � RNUH�OHQL  

SRáR*HQL ! NXONL 
 
.................................................................................................................................. 
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(c)  Druga kuleczka zostDá ! ]U]XFRQ ! ] " VWRá  $# WDN� VDP� SU
GNR�FL� SRF]�WNRZ���-H% PDV & MHGQD '
E\á & WD ' PDáD��* (�) L ( PR* *�+�, \á - ]DQLHGED . ZSá\Z / RSRU / SRZLHWU]D��'RU\VX0 SU]HZLG\ZDQ 1
�SUDZGRSRGREQ\ 2 NV]WDáW�WRU / WH0 GUXJLH0 NXONL�       [3] 
 
 
 
A3. 7 3�4 \WDQL 57683 W\F] 9$:�;<9 ENR�F = ucieczki i trzeciego prawa Keplera. 
 

-RZL :>;7= =LHPL ? W 3 SODQHW 97@ WyU 5 RELHJDM� 6áR�FH�� 
 
2]QDF]P A PDV
 =LHP B SU]H C 0z D MHE �UHGQLF
 SU]H C 'z . 6]\ENR� F XFLHF]N G�H =LHP G Z\QRV G ��� I N J V-1  

 

2W KML8N Q O7LPK W\F]�F Q -RZLV]D� 
 
     Masa:    1.90x1027kg     (318 Mz) 
 

�UHGQLFD������[��5km   (10.8 Dz) 
 
�D RTS L R :\MD�QLU F V UR]XPLHP W SU]H X V]\ENR� Y XFLHF]NL       [1] 
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......................................................................................................................................................... 
 

(ii) 6]\ENR� Z XFLHF]N []\ Z\UD* ^ Z]yU 
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�LL �
	 URN �� �����RGNU\W � NVL
* ��� *DQ\PHG � RNU�*DM� ����� RZLV]D��2NUH�ORQR��* �� URPLH� RUELW � W �����

NVL
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RNUHVL FHG ELH I(J Z\QRV]�F\ K �� L=M QL��:\ND*��* F W F GDQ FN�G WZLHUG]DM� VáXV]QR� O WU]HFLHJ G SUDZ P
Keplera.           [2] 
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TEMAT  B  - fizyka kwantowa i fiz QSR�T M�GURZD 
 
 
B1.  To pytanie dotyczy zjawiska fotoelektrycznego. 
 U

FHO V ]DGHPRQVWURZDQL W ]MDZLVN W IRWRHOHNWU\F]QH XZY ]PRQWRZDQ YHW SDUDWXU
 Z X VFKHPDW V
SU]HGVWDZLRQ [�X�Y�\ RQL*HM� 
 
 

 
 
 

3á\WN W PHWDORZ WHY �ZLHWOD ]�W MHVW��ZLDWáH_̂̂ RQRFKURPDW\F]Q\P� Przy pomocy potencjometru 
GRELHUDP ` SU]\áR*RQ [ G YV U]�G]HQL W QDSL
FL [ WDN��E9̀a SURZDG]L b ZVND]DQL W PLNURDPSHURPLHU] W G Y
zera.  
 



(a) :\MD�QL
�
MDNL � ]PLDQ � �MH� � ��� RJyOH � ]DXZD* �	��
�� RGF]\FL � PLNURDPSHURPLHU]  MH�OL 

 
�L � ]ZL
NV]\P � QDW
*HQL � �ZLDWá �� L � ]PLHQLDM� � MH ��� F]
VWRWOLZR�F �      [2] 
 
.................................................................................................................................................... 
 
.................................................................................................................................................... 
 
.................................................................................................................................................... 
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VWRWOLZR� � �ZLDWá  ]DFKRZXM� ��� WDá ���� W
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(b) 'O  �ZLDWá �� GáXJR�F � IDO ��������� P��PLQLPDOQ � RGF]\ � ZROWRPLHU]  � O  ]HURZHJ ��! U� "$# Z\QRVL% ���9� 
 

(i) 2NUH� & ]ZL�]H ' MDN ()( VWQLHM * PL
G +	, HQHUJL� IRWR -�# ( HQHUJL� Z\HPLWRZDQHJ .�/ OHNWURQX����>�@ 
 
 
............................................................................................................................................................ 
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    (iL 0 ,O / Z\QRV 1 SUDF 2 Z\M�FL 2�/ OHNWURQ 354 SRZLHU]FKQ 1 PHWDORZH6 Sá\WNL 7    [3] 
 
............................................................................................................................................................... 
 
.............................................................................................................................................................. 
 
  
 
B2.  To pytanie dotyczy modelu atomu. 
        Model atomu proponowany przez Schrödingera przedstawia elHNWURQ 8 MDN . XMHPQL /:9�2 áDGRZDQ�
FKPXU
 RWDF]DM�F� M�GUR ; 5R]NáD < áDGXQN 3�1 PD =)8 PR* /:>�8�? UHSUH]HQWRZDQ 8 SU]H 4 WUyMZ\PLDURZ� IDO

VWRM�F�� 
 
�D 0 -DN 2 ZLHONR� ?5@ KDUDNWHU\]XM�F 2 W
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 RGSRZL 2�<�2 ] 2�A UDZGRSRGRELH�VWZ . VSRWNDQL 2�/ OHNWUR 9�3�B
RNUH�ORQ\ CDC LHMVFX?          [2] 
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(OHNWU E$FGE PDVL H�I SRVL J�K�J FDáNRZLW� HQHUJL
 ( L HQHUJL
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(c) =DSL N�O�P SRVWDF M Z]RU Q ]ZL�]H R PL
G]\� 



(i) energiami  E, Ep i Ek                                              [1] 
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�LLL
�
GáXJR�FL� ID � 	 � ]ZL�]DQ� � HOHNWURQH �� MHJ � FDáNRZLW� HQHUJL� �        [2] 
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B3. To pytanie dotyczy rozpadu promieniotwórczego  
 
  Cer – 145 jest izotopem promieniotwórczym o czasie SRáRZLF]QHJ � UR]SDG � Z\QRV]�F\ �� PLQXW\� 
(PLWXM � R � F]�VWN � EHW � PLQX � ��- � MD � UyZQLH* DQW\-neutrina. 
 
�D � 3RGD� MHGH � SRZ ����� O  NWyUH !�" SRVWXORZDQ " NRQLHF]QR� # LVWQLHQL  $� HXWULQ  �% FHO & Z\MD�QLHQL  

rozpadu beta.           [1] 
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�E � ' " MDNLH� JUXS ' F]�VWH � HOHPHQWDUQ\F (�� DOH* ' QHXWULQR"     [1] 

 
............................................................................................................................................................. 
 
�F � :\ND* MDNL ) MHVW�SUDZGRSRGRELH�VWZR��* ) " NUH�ORQ ) M�GU " FHU & – �*,+ XOHJQL ) UR]SDGRZ - % FL� !,&
jednej minuty.           [2] 
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�G � 2NUH� . F]D / QLH]E
GQ '0��" WHJ "$12' UDGLRDNW\ZQR� # RNUH�ORQH� SUyEN - FHU & – �� 3 ]PDODá 4�5�687 � 7:9 MH;
DNW\ZQR�F < SRF]�WNRZHM�         [2] 
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TEMAT  C – rozszerzenie nauki o energii 
 
C1. To pytanie dotyczy wykresów  p - V  
 

3RQL*H
�
SU]HGVWDZLRQ � Z\NUH � REUD]XM � ]PLDQ
 FL�QLHQL � VSRZRGRZDQ� ]PLDQ� REM
WR�F � RNUH�ORQH�

PD ��� JD] � SRGF]D � DGLDEDW\F]QHJ � VSU
*DQL �	� WDN* ��
 SURFHVL � VSU
*DQL � L]RWHUPLF]QHJR� 
 
 

 
 
�D � :\MD�QLM��NWyU  OLQL ���������� $ � SU]HGVWDZL  VSU
*DQL � izotermiczne           [2] 

 
........................................................................................................................................................ 
 
......................................................................................................................................................... 
 
�E � 1  Z\NUHVL � Z\FLHQLX� REV]D � SU]HGVWDZLDM�F � Uy*QLF
 � SUD ��� Z\NRQDQH� SRGF]D �
DGLDEDW\F]QH �! VSU
*DQL #" SUD ��� Z\NRQDQH� SU ��� VSU
*DQL $ L]RWHUPLF]Q\ %     [1] 
 
 
�F � 3ROL ��� Uy*QLF
 �&� DUWR�FLDF ' W\F ' SUD �( NWyU\F ' PRZ �� �E �     [3] 

 
.................................................................................................................................................... 
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  (d)  Zastosuj pierwsze SUDZ  WHUPRG\QDPLN "�" Z\WáXPD ���)� PLDQ
 WHPSHUDWXU �(� SURFHVL �
DGLDEDW\F]QH �! VSU
*DQLD *          [3] 
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C2. Pytanie GRW

������� (UyGH� HQHUJLL 
 
�D � 3DOLZ � NRSDOQH��PLPR��* 	�
 URFH � LF  WZRU]HQL � Q � =LHP � MHVW�FL�Já\��]DOLF]DQ 	 V� ��� NOD � �

QLHRGQDZLDOQ\F  (UyGH� HQHUJLL���8]DVDGQ � � GODF]HJR������      [2] 
 
........................................................................................................................................................... 
 
........................................................................................................................................................... 
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.......................................................................................................................................................... 
(b) 1LHNWyU] � GRUDG ��� HQHUJHW\F]Q � VXJHUXM���* � UR]ZL�]DQLH � SUREOHP � ]DWUXZDQL ��� WPRVIHU �

GZXWOHQNLH � Z
JO � MHVW�SU]HM�FL ����� HQHUJL
 M�GURZ� MDN � (UyGá � HQHUJL � HOHNWU\F]QHM��:VND* GZ �
powody dla który F  OHSLH� MHVW�NRU]\VWD !#" SDOL $ NRSDOQ\F  �� L* " HQHUJL � X]\VNDQH� " UR]SDG � M�GH %
atomowych dla uzyskania energii elektrycznej.      [2] 

 
1. ....................................................................................................................................... 
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2. .......................................................................................................................................... 
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C3��7 ��& \WDQL � GRW ���'"�� HQHUJ � � VáRQHF]QHM 
 

�D ( %LRU� � SU]HPLDQ � HQHUJL � MDN � SXQNW�Z\M�FLD��Z\ND* Uy*QLF
 PL
G ")�+* áRQHF]Q\ � NROHNWRUH �
FLHSOQ\ �,� RJQLZH � VáRQHF]Q\P�        [2] 
 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
     UcznLRZL ��& U]HSURZDG]L - � EDGDQL �����/. NROHNWRUH � VáRQHF]Q\P��0LHU]\O � WHPSHUDWXU
 ZRG � Q �
Z\M�FL �0. O � Uy*Q\F  PRF � ZHM�FLRZ\F  SURPLHQLRZDQL � VáRQHF]QHJ ��� UD " GO � Uy*Q\F  V]\ENR�F � SRERU �
energii cieplnej . Wyniki pomiarów pokazano na wykresie:  
 
 



 
 

(b) .RU]\VWDM�F � GDQ\F � � Z\NUHV ��� GSRZLHG ����� QDVW
SXM�F 	�
 \WDQLD� 
     

(i) .ROHNWR � VáRQHF]Q  P � ]DSHZQLD � Z\M�FLRZ� WHPSHUDWXU
 ZRG  Z\QRV]�F� ������ SU � 
SRERU] 	 PRF ������������ DUXQNDFK��JG  PR � SURPLHQLRZDQL � 
 URVWRSDGáH ��� ��� NROHNWR �
wynosi 800 W m-2. 
Ile powinna wynosi � SRZLHU]FKQL � F]\ ����� NROHNWRUD"   [2] 
 
............................................................................................................................................ 
 
........................................................................................................................................ 
 
.......................................................................................................................................... 
 
.......................................................................................................................................... 
 
(ii)  JDN � MHVW�Z\GDMQR� � NROHNWRU � MH� � � SU �  PR �� Q � ZHM�FL � Z\QRV]�FH �� ���
WHPSHUDWXU

�
ZRG  Q � Z\M�FL � MHVW�� !"� ."     [3] 

 
.................................................................................................................................. 
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TEMAT D   Fizyka bio-medyczna 
 
D1.   To pytanie dotyczy proporcji  
 



        Maciek  posiada mDV

���

N ��� Z]URVW��� � FP � :RMWH � MHVW�WD �
	 DP � ]EXGRZDQ � DO  M ���� PDV �
wynosi 85 kg. 
 

(a) Oszacuj: 
 

(i)  wzrost Wojtka         [2] 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
.................................................................................................................................................. 
 

(ii)  stosunek 
SROHSRZLHU]FKQL:RMWND

SROHSRZLHU]FKQL0DüND
      [2] 

 
................................................................................................................................................ 
 
................................................................................................................................................ 
 
................................................................................................................................................ 
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�E � 2UJDQL]P � 0DüN ��� :RMWN ����� VLDGDM� WDN� VDP� ]GROQR� � Z\WZDU]DQL ����� HUJ � � FLHSOQH� Q �
MHGQRVWN
 PD ��� � LDáD��:\MD�Q � ��� OR�FLRZ � MDNL � NRQVHNZHQFM � Z\QLNDM� ! IDNW "#��� VLDGDQL � Uy*Q\F $
PD � GO ��" WUDW� � LHSá �%! MHGQRVWN � SRZLHU]FKQ � FLDáD��MH�O � RED� ]DFKRZXM� MHGQDNRZ� WHPSHUDWXU
 >� &
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.......................................................................................................................................................... 
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D2. 3\WDQL �#'�� W �(�)!*� ZD ' VáXFKX 
 

:\NUH � SU]HGVWDZL � DXGLRJUD + SDFMHQW � NWyU � QL ��, \- QDUD*RQ � Q � Z\VRN � SR]LR + KDáDVX� 
 
 



 
 
 

�D
�
=DVXJHUX� Q � MDN� ZDG
 VáXF ��� FLHUS � W �	��
 DFMHQW     [1] 

 
 ..................................................................................................................................................... 
 
 
&]áRZLH � QRUPDOQL � Vá\V]� �� SRWUDI � XVá\V]H � G(ZL
 ��� ��� W
*HQL ��� � ��� ��-12 W m.-2 przy 

F]
VWRWOLZR�F � �� � N+]� 
 

(b) 6NRU]\VWD��� GDQ\F ��� Z\NUHV  "!$# RNUH�OL % QDMPQiejsze QDW�+HQLH G(ZL
N &�' U (*) �� + N+] 
MDNL , PR* , XVá\V]H - SDFMHQW�] , VZRM� ZDG� VáXFKX .      [2] 
 
............................................................................................................................................. 
 
............................................................................................................................................. 
 
............................................................................................................................................. 

 
�F / 1 01'�2 GDQ\ 3 SRZ\*H4 Z\NUHVL , QDU\VX4 GUXJ 5 Z\NUH 6 LOXVWUXM� 78) XWUDW
 VáXF 9:&"& SDFMHQWD��NWyU ) E\;
SU]H ( ODW 0�< DUD*RQ ) Q 0 Z\VRN 5 SR]LR 3 KDáDV &>= PLHMVF & SUDF\��     [2] 
 
 
D3. Pytanie dotyczy diagnostyki medycznej 
 

:\MD�QL4 VSRV ?	@�5 FH A VWRVRZDQia: 
 
�D / SDSN 5 EDURZH4 �G 2 ]MHG]HQLD / SU] ,:B1' U]H�ZLHWOHQLH 3 UHQWJHQRZVNL 3 >�@ 
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   (b)  JDODUHWN

�
�*HOX � Q � VNyU
 SRGF]D � EDGD� XOWUDVRQRJUDIH � >�@ 

 
................................................................................................................................................. 
 
................................................................................................................................................ 
 
.................................................................................................................................................. 
      
 

(c) niejednorodnego pola PDJQHW\F]QH ��� QDáR*RQH ���
	�� ]QDF]QL � VLOQLHMV] �� RO � VWDá ��� GLDJQRVW\F ��
Z\NRU]\VWDQLH � ]MDZLVN � PDJQHW\F]QHJ � UH]RQDQV � M�GURZHJR    [3] 
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TEMAT  E -  Historia i rozwój fizyki 
 
E1 8F]H� VIRWRJUDIRZD� QRF 	�� QLH ���
� PLHV]F]DM� ��	�� VWDW\ZL � DSDUDW� � RWZDUW� SU]HVáRQ� 	�� � � PLQX ���
5\VXQH � SRQL*H� SU]HGVWDZL ��� WU]\PDQ � ]GM
FLH��3RND]D 	�� Q � QL � W\ON � NLON � MD�QLHMV]\F � OLQLL�� 
 

 
            
 
 
 



 
�D
�
=LGHQW\ILNX� MDVQ � SXQNW�R]QDF]RQ � OLWHU� '       [1] 

 
..................................................................................................................................................... 
 
(b) 2SL ��� MDNR�FLRZ � MD � PR* �
	 Z\ZQLRVNRZD � � WH� IRWRJUDILL��* � =LHPL 	 VL
 REUDF 	    [2] 
 
........................................................................................................................................................ 
 
...................................................................................................................................................... 
 
...................................................................................................................................................... 
(c) 1 	� RGVWDZL � Z\QLNy� QLH]E
GQ\F �� RPLDUy� GRNRQDQ\F ����	 U\VXQN ��� NUH� � LO � Z\QRV � RNUH �
obrotu Ziemi               [3] 
 
........................................................................................................................................................ 
 
......................................................................................................................................................... 
 
........................................................................................................................................................ 
 
E2 Pytanie dotyczy teorii cieplika 
 

:\MD�QLHQL ���
	 WXU ��� LHSá 	�	 NFHSWRZ 	��
� SU]H � QDXN
 G �� y(Q\F � ODW�G]LHZL
WQDVWHJ � ZLHN � RSDUW �
E\á ���
� W]Z � ÄWHRUL � FLHSOLND´� 
 

(a) :\MD�QL MD ! QDVW
SXM�F " ]MDZLVN � WáXPDF]RQ "�# \á $&% RSDUFL '�� WHRUL
 FLHSOLND� 
 

�L ( RFKáDG]DQL " FLDá �         [1] 
 
................................................................................................................................... 
 
(ii) przewodnictwo cieplne        [2] 
 
.................................................................................................................................... 
 
.................................................................................................................................... 
 
�LLL (*) y* �
" ZDUWR�F � FLHSá � ZáD�FLZH + �       [1] 
 
................................................................................................................................... 

 
   (b)  Zasugeruj jak obserwacje dokonane w 1798 roku przez hrabiego RuPIRUG � PRJá $ GRSURZDG]L ,- � SRZVWDQL � Z�WSOLZR�F � F � - � VáXV]QR�F � WHRUL � FLHSOLND��     [3] 
 
     ...................................................................................................................................... 
 
   .......................................................................................................................................... 
 
  ............................................................................................................................................. 
 



   ............................................................................................................................................ 
 
 
E3. 3\WDQL ����� W\F]�F � ZF]HVQHJ � PRGHO � � WRPX 
 
�D � 3RND* MD � PRGH 	 DWRP � 5XWKHIRU ��� SR]ZDO � Q � Z\MD�QLHQL � WHJR��* � � WRP 
 JD] � � RVNRQDáHJ �

]DFKRZXM� VL
 MD � WZDU � � NXONL�         [3] 
 
.......................................................................................................................................................... 
 
........................................................................................................................................................... 
 
.......................................................................................................................................................... 
 
......................................................................................................................................................... 
 
,VWQLHQL ��� M�GU] � � WRPRZ\  F]�VWHF]N � QHXWUDOQH� � PDVL � SUDZL � WDNLH� MD � PDV � SURWRQ � ]RVWDá

�
]DVXJHURZD ����� URN ��� �����-HGQDN* � � RSLHU � � ��� � QHXWU � � ]RVWD� RGNU\W\� 
 
�E ��� L � :\MD�Q � � GODF]HJ � WUXG � ��� \á � RGNU 
�� REHFQR� � QHXWURQ ��� M�GU] � >�@ 

 
....................................................................................................................................................... 
 
�LL � :\ND* MD � EDGDQL ��� URPLHQLRZDQL � WRZDU]\V]�FH � � ERPEDUGRZDQL � ��� URQ � OX � EHU\O � F]�VWNDP �

DOI
�
GRSURZDG]Lá

�
G
���

GNU\FL
�
QHXWURQX        [3] 

 
  ............................................................................................................................................................ 
 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 
 
 
TEMAT  F – astrofizyka 
 
F1. 3\WDQL � GRW 
��! "
 Uy*Q\F # FLD� QLHELHVNLFK 
 
�D � 2SL $  SRNUyWF � QDWXU
 JZLD]G\�            [2] 

 
 .......................................................................................................................................................... 
 
........................................................................................................................................................... 
 
�E � 5R]Uy*Q � � JZLD]GR]ELy % ��� JDODNW\NL       [4] 
 
         gwiazdozbiór ........................ .................................................................................................... 
 
 .......................................................................................................................................................... 
 
       galaktyka  ................................................................................................................................... 



 
  ........................................................................................................................................................ 
 
 
F2. 3\WDQL � GRW ������� �UHGQLH� J
VWR�F � PDWHUL � Z � :V]HFK�ZLHFLH 
 
�D 	 :\MD�Q � � ]QDF]HQL � J
VWR�F 
 NU\W\F]QHM PDWHUL � Z � :V]HFK�ZLHFL � � SRZL�* W � SRM
FL � � PR*OLZ\ �

ORVH � :V]HFK�ZLDWD�          [3] 
 
.................................................................................................................................................................. 
 
.................................................................................................................................................................. 
 
.................................................................................................................................................................. 
 
................................................................................................................................................................ 
 
*
VWR� �� U\W\F] ��� !o PDWHU � � Z � :V]HFK�ZLHFL � SRGDQ � MHV � Z]RUH �  

 
 

!o =  
�

�

�+

*

R

π
 

 
 
 
Gdzie H0 MHV � VWDá� +XEEO ����� MHVW�VWDá� JUDZLWDFML 
 
3U]\EOL*RQ � ZDUWR� � +0 wynosi  2.7 x 10-18 s-1.  
 
�E ��� L � 3ROL  �! ZDUWR� � !o         [1] 
 
....................................................................................................................................................... 
 
...................................................................................................................................................... 
 
........................................................................................................................................................ 
 
 (ii)0DM�  W
 ZDUWR� � RNUH� "$# OR� � QXNOHRQy %&% MHGQRVWF ' REM
WR�F # GO � WH( NU\W\F]QH( J
VWR�FL�� [1] 
 
 
........................................................................................................................................................ 
 
........................................................................................................................................................  
 
F3. Pytanie to dotyczy Cefeid 
 
&KDUDNWHU\VW\F] )�' ]PLDQ * MDVQR�F # &HIHL + ]RVWDá * SLHUZ ,-!�* UD !.! DREVHUZRwane w 1784 roku. 

 
�D �/� L � 2SLV ! ZáD�FLZR� � G]L
N # NWyUH( &HIHLG � PR* '10�*��2! LGHQW\ILNRZD ) �13 U]H ! REVHUZDWRU �
ziemskiego          [2] 



 
...................................................................................................................................................... 
 
...................................................................................................................................................... 
 
..................................................................................................................................................... 
 

�LL
�
-DN � MHVW�SU]\F]\Q � WH� ZáD�FLZR�FL"      [2] 

 
...................................................................................................................................................... 
 
...................................................................................................................................................... 
 
...................................................................................................................................................... 
  
 
'O � MHGQH��� &HIHL � RNUH�OR ��� �UHGQL� ZDUWR� 	 ZLHONR�F 
 SR]RUQH��� DN �� � ��� UD � ]PLHU]R ����� NUH �

SXOVDFML��NWyU � Z\QRVL� � � ��� L��:LHONR� 	 SR]RU ����� MHVW�]ZL�]D ����� ZLHONR�FL� DEVROXWQ� � 
 RGOHJáR�FL�
� �PLHU]RQ� � SDUVHNDFK

�
SU]H � UyZQDQLH 

 
 
     m -  M   =   5 log d   -   5 
 
�E
���

L
�

&]\ � VL
 Uy*Q 
 ZLHONR� � DEVROXWQD od ZLHONR�F � SR]RUQHM?      [2] 
 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
:\NUH � SRQL*H SRND]XM ! MD " ZLHONR� # DEVROXW $�%�&�! ZQH &HIHLG ')( PLHQL % VL
 * ]DOH*QR�F +-,/.0, NUHV 1

pulsacji 

 
 
�LL 2 3U (�' SRPR 34' Z\NUHV 101 ]\VND ZLHONR� # DEVROXWQ� WH &HIHLG '5% VW� .0, NUH� 6 MH RGOHJáR� # R . =LHPL�

            [3] 



 
............................................................................................................................................................... 
 
.............................................................................................................................................................. 
 
................................................................................................................................................................ 
 
................................................................................................................................................................ 
 
 
 
TEMAT G – 7HRUL

�
Z]JO�GQR�FL 

 
G1. =DGDQL � ��� W ���	�
� Z\GáX*HQL � F]DVX 
 
�D � :\MD�Q  � F � ]QDF ��� inercjalny XNá � � RGQLHVLHQLD      [1] 

 
........................................................................................................................................................... 
 
........................................................................................................................................................... 
 
2EVHUZDWR ����� SRMH(G]L � NRVPLF]Q\ � ZLG]  UR]Eá ����� �ZLDWáD���ZLDWá ��� GELM � VL
 ��� ]ZLHUFLDGá �
RGGDORQHJ

���������
(UyGá �� ZUDF � ��� (UyGá � MD � SRND]XM � U\VXQHN��6]\ENR� � �ZLDWá � Z\QRV  F� 

 
 

 
�E � 1DSL �
� Z]yU�� � X*\FLH � � 	� ��� ��� F]D � 7o mierzony przez REVHUZDWRU � � Z]JO
GH � SRMD]

�"!
NRVPLF]QHJR��SRWU]HEQ � E � �ZLDWá � ZUyFLá ����� (UyGáD�                                      [1] 
 
............................................................................................................................................................. 
 
3RMD]

�$#��
UXV] � VL
 � SU
GNR�FL� % Z]JO
GH � REVHUZDWRU � ]D]QDF]RQHJ �$# U]H ��&'��� U\VXQNX��

6]\ENR� � �ZLDWá � Z\QRV  F� 
 



�F
���

L
�
1DU\VX� OLQL
 ELHJ ��� URPLHQL � �ZLHWOQHJ � MDN� PyJáE 	�
 REDF]\ � REVHUZDWR  (��=D]QD ��


SRáR*HQL � � MDN � PLHMVF � VWDUW ��� SRáR*HQL ��� MDN � PLHMVF ����� ]L � �ZLDWá � ZUyF ����� (UyGáD � >�@ 
 

�LL � &]D � SU]HELHJ � �ZLDWá  ����� G ��� PLHU]RQ ! SU]H " REVHUZDWRU  �# Z\QRV � 7��1DSLV] $ X*\ZDM� %'& �(
Z]y )+*  RGOHJáR� , )5�          [1] 

 
.............................................................................................................................................................. 
 
�LLL � 1  .- RGVWDZL ��� GSRZLHG] �/*  0- \WDQL � �LL � RNUH� 1 SU]H "�& �� ( �/2 GáXJR� ,43 GURJ �65 DN� SU]HE\á �

�ZLDWá � ZLG]Lane przez obserwatora E.         [2] 
 
............................................................................................................................................................ 
 
............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
�LY � 0DM� % X]\VNDQ � - RSU]HGQL � GDQ � Z\SURZDG( Z]y )+*  (07 ]DOH*QR�F � R � 7o , v i c .          [4] 

 
............................................................................................................................................................... 
 
.................................................................................................................................................................. 
 
................................................................................................................................................................. 
 
................................................................................................................................................................ 
 
G2. 3\WDQL ����� W !8%�"/! F]DV � - RáRZLF]QH ��� UR]SD �9� PLRQyZ 
 

&]D � SRáRZLF]QH ��� UR]SDG � PLRQy7 PLHU]RQ ! 7 XNáDG]L � RGQLHVLHQL  ]ZL�]DQ\ : " PLRQH : Z\QRV �
3.1 x 10-6s .  
:\VáD *;� ZL�]N
 PLRQy 7 � V]\ENR�F � �� <4= ��8 P� � Z]JO
GH : QLHUXFKRPH ��� REVHUZDWRUD� 
 
2NUH� 165 D > GáXJ� GURJ
 SU]HE\W� SU]H " ZL�]N
 PLRQy 7 ]PLHU]\? REVHUZDWR ) MH�O � 7 W\ : F]DVL � - RáRZ  
PLRQy

7
XOHJá  Uozpadowi.          [3] 

 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 
................................................................................................................................................................ 
 
............................................................................................................................................................... 
 
 
G3  Pytanie dotyczy masy-energii 
 



(a) =GHILQLX
�
SRM
FL � masy spoczynkowej       [2] 

 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 

(b) Elektron o masie spoczynkowej mo przyspieszany jeVW�� REV]DU] � Uy*QLF � SRWHQFMDáy� 9��
:\MD�QL

�
GODF]HJ ��� O ��� X*\F �
	 Z]yU 

 
     ½ mv2 = eV 
 

QL � PR* �������� WRVRZDQ � GO � RNUH�OHQL � V]\ENR�F ��� SU]\VSLHV]DQH � ��� OHNWURQ � >�@ 
 
............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 
.............................................................................................................................................................. 
 

(c) (OHNWU ��� MHV � SU]\VSLHV]DQ ��� REV]DU] � JG]L � Uy*QLF ����� WHQFMDáy��� \QRV � �� ��� ��6V.  
2NUH� � � MHGQRVWNDF � PD �!� SU]\URVW�HQHUJL � NLQHW\F]QH� HOHNWURQX���   [2] 
 
................................................................................................................................................ 
 
............................................................................................................................................... 
 
............................................................................................................................................... 
 
............................................................................................................................................... 

 
 
TEMAT H – Optyka 
 
H1. Pytanie dotyczy widma 
 
�D " & � W � ]QD #%$&� ZLGP � �ZLDWá � ELDáHJR"       [2] 

 
............................................................................................................................................................. 
 
......................................................................................................................................................... 
 
........................................................................................................................................................ 
 
 
Aparatura, której schemat przedstawia rysunek, Z\NRU]\VWD ���'� \á �'� U]H $ XF]QLy �(�)�
]DGHPRQVWURZDQL � ZLGP � �ZLDWá � ELDáHJR� 
 



 
 
  
 
�E
�
8]XSHáQ � � U\VXQH � SURPLHQLH � �ZLDWá ��� LHELHVNLH �
	 ELHJQ�FH �
	�� U]H � SU\]PDW� �� HNU ��� >�@ 

 
.......................................................................................................................................................... 
 
 
H2��3\WDQL ���
	 W ������� ZVSyáF]\QQLN � ]DáDPDQL � �ZLDWáD 
 

�ZLDWá 	�� ODVHU � VNLHURZ ���	 Q ��� y� – F\OLQGU\F]Q � EOR � V]NODQ\��1 � U\VXQN � �	 ND]DQR � * � �ZLDWá 	
przechodzi przez blok na ekran (punkt A)  bez odchylenia. 
 

 
 
 
 
 

3yá-F\OLQGU\F]Q � EOR � REUDFDP � ZRNy� RV � 3��3ODPN � �ZLHWO �������� NUDQL � SU]HVXZ � VL
 � Gyá��3 	
RVL�JQL
FL � SXQNW ��� SODPN � ]QLND� 
 



(a) 8]XSHáQ
� �
U\VXQH � SRND]DQ � QL*H� SU]HGVWDZLDM� � SRáR*HQL ��� ORN �
	 V\WXDFM

�
JG ��� WUXPLH� �ZLDWá 

WUDIL �	 SXQNW�%��3RF]�WNRZ ����� áR*HQL � EORN ��� RND] ���� OLQL� SU]HU\ZDQ��   [1] 
 

 
 
 
: � QL � PR* � W � SRZVWU]\PD ��� L
 ��� NRPHQWDU]D � 1 �! OLVN � � "�"$# UD % VSUDZG]RQ\F & QL ' ZL
FH( QL* ) NDQG\GDWy * SRWUDILá +
SRSUDZQL , RGSRZLHG]LH -$.0/ W + S\WDQL , �] 1 MHG 24365�7 QNW���� 8 8ZD*D 9 W : ] 1 �ZLHWQ 2 ]DGDQL 2 – FK\ ;01!301 MOHSV] 2=< FDá\ 9
NRPSOHFL >!? ]GHF\GRZDQL > ] @BA LVN C�D XQNWRZDQH��ÄàDPD E ? VL
 F�G0H W\ I S\WDQL J6G0H ZHW�WDF K PDWXU]\�FL L NWyU]K RVL�JDO M�N LQQ\F O
]DGDQLDF O PDNV\PDOQ� LOR� P SXQNWyZ Q  
 
 
 
 R

NRQNUHWQ\ S GR�ZLDGF]HQL T RGOHJáR� U�VXW Z\QRVLá Y[Z � \ F S]Y RGOHJáR� ^`_ba[c �� d FP� 
�E e 3ROL f0g ZVSyáF]\QQL h̀ g DáDPDQL i �ZLDWá i�j O i V]NáD�� g�h WyUHJ k Z\FL
W kml yá-cylindryczny blok       [3] 
 
.............................................................................................................................................................. 
 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 
.............................................................................................................................................................. 
 
/DVH n ]DVW�SLRQ k LQQ\ o GDM�F\ o �ZLDWá k�k Z\*V]Hp F]
VWRWOLZR�F qrq SRZWyU]RQ k�jsk �ZLDGF]HQLH� 
 

(b) & gut RGOHJáR� ^̀ _ba E
G]L v WHUD g ZL
NV] i�fwgrt PQLHMV] i�x L* yrzsd FP { 2GSRZLHG( X]DVDGQ q p >�@ 
 
.............................................................................................................................................................. 
 
............................................................................................................................................................... 
 
.............................................................................................................................................................. 
 
H3  Pytanie dotyczy teleskopu 
 
      Rysunek przedstawia dwi v VRF]HZN q}| XNáDG]L v WDNL o MD h | DVWURQRPLF]QHp�~XQHFLH � 2EL v VRF]HZN q
pokazano jako linie proste. 



 
 

 
 

 

2GOHJáR�F
�
RJQLVNRZ � RELHNW\Z � � RNXODU � Z\QRV]� RGSRZLHGQL � Io  i  fE � �ZLDWá ��� EDUG] � GDOHN �

jest - jak pokazano -  zogniskowane przez obiekW\Z��.R�FRZ � REUD � P � SRZVWD 	�
 QLHVNR�F]RQR�FL� 
 
�D � 8]XSHáQ �  ELH ��� URPLHQ � E � SRND]D 	 MD � SRZVWDQL ����� UD ��� R�FRZ �     [2] 
 
�E ��� L � & � W � MHVW�SRZL
NV]HQL � N�WRZH"        [1] 
 
............................................................................................................................................................. 
 
............................................................................................................................................................. 
 

(ii) .RU]\VWDM� ��� X]XSHáQLRQ ����� U\VXQN � � ]DNáDGDM�F��* ��� EUD � NR�FRZ � SRZVWDM ��

QLHVNR�F]RQR�F

�
Z\SURZDG( Z]y ��������� ZL
NV]HQL � N�WRZ � OXQHW � DVWURQRPLF]QH 


]DOH*QR�F
�
R �  

             fo  i  fE.           [4] 
 
............................................................................................................................................................ 
 
............................................................................................................................................................ 
 
........................................................................................................................................................... 
 
........................................................................................................................................................... 
 

(c) 3U ��� RSLVL � OXQHW � DVWURQRPLF]QH SRGDM � VL
 ]Z\NO � MDN � ZD*Q� MH FHFK
 �UHGQLF
 RELHNW\ZX� 
Dlaczego?          [1] 
 
..................................................................................................................................................... 
 
..................................................................................................................................................... 
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