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SD�VWZ � ]DSL � OHNFML � NWyU� polski nauczyciel 

RGE\ � JR$FLQQL ��� austriackim technikum po angielsku 24 go marca w 
2000r.  
/HNFM 	 WUZDã 	�
� PLQXW � %H � ZF]H$QLHMV]HJ � SU]\JRWRZDQL � NODV\ � 1DXF]\FLH ��
NODV � E\ � � VREL � GRW� � QLH]QDQi. 

Po lekcji nauczyciel klasowy, 16-W ��� F]QLy� RUD � REVHUZXM�F� OHNFM VWXGHQF �
NLHU � QDXF]\FLHOVNLHJ � ZLHGH�VNLHJ � XQLZHUV\WHW � E\O � ]JRGQL  0 ! W " E\ã #
ciekawa "impreza".  
  
 
Temat��%DGDQL $ ]DFKRZDQL % VL ZDKDGã & VSU0\QRZHJR� 
 '
GX*H( V]SX ) * JXPN * NUDZLHFNLH+ �FLHQNLH+-, PL
NNLHM . ND*G / XF]H� RGFL�0 VREL 1 GRZROQ 243 DZDáH 3 �QL 1

GáX* 57682 QL* SU]HGUDPL
� 9 1 :<;>=>? OQRGRVW
SQH@ ZDG] A ND*G B XF]H� PyJá ]ZD* CED GRZROQ C REFL�*QL F
�JXPND G RVWU]DUN H�I>J RáyZNyZ G GáXJRSLV G SRMHPQL K<LNM XNLHUNDP O WLN-WD P ���� Q 3U R8STP D*G\ U Vtole 
SUDFRZDá V GZyF WYX F]QLyZ Z NWyU []\ PLH ^ _ VREL `badc Z]DMH e SRPy fhgig \NRQDQL X SRPLDUyZ j 'RVW
SQ ` E\á \
stopery i przymiary metrowe [ SRG]LDáN� PLOLPHWURZ��� 
8F]QLR k ZU
F]R ldm NDUW
 n RSLVH k ]DGDQL o G m Z\NRQDQLD p 1 o WHq NDUFL r MHV s PLHMVF rtldo ZV]HONL r
potrzebne notatki. 
Oto ta karta: 
----------------------------------------------------------------------------------------------------------------------------------------- 
,QLFMDá u XF]QL v ��������.ODVD���������        24.03. 2004 
6WXGL w QD x ZDKDGâH y VSU�+\QRZ\P��Jumkowym) 
 
:LHP z|{ SRGU
F]QLND } * ~Y� NUH � GUJD� T W]Z � ZDKDGá � VSU
*\QRZH �>� ]DOH* z��>� PDV z m Z\NRQXM�FH�
GUJDQL ��� R � ZáD�FLZR�F � k JXPN ���7�8��� SU
*\Q\ � NWyU� W � ZáD�FLZR� � QD]\ZDP � VWDâ� VSU�+\Q\.  
:DUXQNLH � MHV � E � W ��� XPN � F] ��� SU
*\QN � VSHáQLDá � SUDZR +RRNH
 � Z\PDJDM�F ���]� x = F/k  to znaczy 
E � Z\GáX*HQL � � \á ¡ ZSURV ¢ SURSRUFMRQDO £d�¥¤>¡ VLá � Z\GáX*DM�FH¦ �F]\OL § *HE � VWDá � k E\á � U]HF]\ZL�FL �
VWDáD���-H�O ¨ WD © MHVW�W ª �GX* «�¬E© R © PDWHPDW\F]Q\ ®̈ PDP\ 
    

k

m
T π2= .    (1) 

 
-D ¯ MX* ° WHRU ± ± PRZD��W °�² U]\SRPQLH ³ ZDUWR��* ´ ZDKDGá ° LGHDOQ ´ �PDWHPDW\F]QH µ SRVLDG ¶�° NUH ·
]DOH*Q ¸�°>¹ GáXJR�F ± l ± R ¹ ZDUWR�F ± SU]\VSLHV]HQL ¶�º UDZLWDF\MQH º»° g . 
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l
T π2= .    (2) 

 
'O ¼ FLHNDZVNLF ½ PR*HP¾ SU]\SRPQLH ¿ VN� À VL
 Z]L� Á Z]y Â �����3U]\SRPLQDP Ã SRGVWDZRZ Ä ZLDGRPR�F ÅÇÆ UXFK È
KDUPRQLF]Q\P É 3DPL
WDPÊ �"Ë *H�� Ì�Í ;0VLQ&W���� ÎÐÏ -kx ;    a = - &2Ñ ���� & Ï

T

π2
 

1 Ò WHÓ SRGVWDZL ÔÖÕ URZDG]� × UR]XPRZDQL Ô �� Ø-Ù P ÒÛÚÜØÐÙ -P&2x ;     -kx = -P&2Ý ÚßÞÛÙ P&2 

&2  = 
m
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VW� à
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m
T π2=      

 



NXUV\Z� ]DSLVDQ\
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UR]ZD*DQLH
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VL
 QL � ]DMPXMHP 	 - FK\ED��* � NWR� EDUG] 
 WHJ 
 ]HFKF � �QLNW�

QL � FKFLDá� 
 
3\WDQL � SRGVWDZRZH��:DKDGáH

���
DWHPDW\F]Q\

���
R*HP 	 VL
 SRVáX*\ � E 	 Z\]QDF] 	 � ZDUWR� � g. 

 &]  PR+Q � W � ]UREL � SU] � SRPRF� ZDKDGâ ��� SU�+\QRZHJR" 
       ?  ?  ?  ? 
 
3RQLHZD* ND*G � XF]H� PR* � PLH � JXPN
 � LQQH� GáXJR�F � RVWU]HJDP � E � QL � ]ZUDFD � XZDJ �����

Z\QLN � NROHJy � � VDPHP � �PLPR��* �� SRPRF� WHFKQLF]Q����GO � VZRMH� JXPNL � Z\NRQD � SRPLDU\� 
 
1. 2EFL�*QL ! SU]\ZL�]DQ " G # NR�F $ JXPN %'&H* ")(�$ VWROH * NU]H�O + F], SRGáRG]H - 7U]\PDM� . GUXJ / NRQLH .

JXPN /10 SDOFDF 2 VWDUDP ,43 L
 Z\SURVWRZD 5 � 6 SLRQLH� 7 JXPN
 EH 8 MH9 UR]FL�JDQLD : 7H ;=<�> ]LR ? - 
koniec wyprostowanej gumki -  QDOH* @ ]D]QDF] @�5 MDN > PLHMVF A ]HURZH B R C NWyUH DE> E
G]LHP @
PLHU]\O F GáXJR� 5 UR]FL�JQL
WH9 JXPNL� 

2. 6WDUDP GIH L
 WHUD J XQLH� KML L
*DUHN N 7 O Z\PDJ P UR]FL�JQL
FL P�Q XPNL N 3R]\FM
 NR�F P JXPN RTS
sytuacji kiedy REFL�*QL U XWUDF R V NRQWDN WXJ SRGáR*HP odnotowujemy jako pRáR*HQL Y NR�FRZH N -H Z[Y]\
raz nie wystarczy. Proponujemy 3-̂ SRPLDU _ SDPL
WDM�F ` E _ WU]\PD a JXPN
 b W\ c VDP\ cdc LHMVF e
�Z
]HáH f Q gih e PF j PR* j E _�a SU]\GDWQ\�� 

3. =DSLVXMHP _ �UHGQL� ZDUWR� a RGOHJáR�F k PL
G l _ SRF]�WNRZ\ c g NR�FRZ\ c SRáR*HQLH c x = .......[m] 
4. 7 mon \á ZD*Q _ SRPLDU p 7HUD l ZUDFDP _iq msr'g V]Ht WHRUL k ]DXZD*\ZV]\ ` * j QDV] j x W m MHV u Z\GáX*HQL j

JXPN k VSRZRGRZD r�j VLá� mg. =DWH c �MH�O k SUDZ m +RRNH
 g MHVW�VSHáQLRQH v W m mg = kx. A jak tak, to 
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2π=         czyli          
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5. 7HUD l PR*Q g ]DWUXGQL axw WRSHU��3URSRQXMHP _ QL j RGFK\OD azy L
*DUN g ZL
FHt QL* {�|s} F ~ �+RRNH�� �

]PLHU ����� F]D ��� LON � SHáQ\F � F\NO
�
Z\]QDF]DM� ���s� �����������>V@�  

                                               *   *   *   *   *   *   *   * 
 

7 ����� E\á � W\O � MH� � ���G]L ��� SRPLDU\ � 0DP � PDV
 FL
*DUN � P � Z\GáX*HQL � JXPN ����� RNUH   GUJD�
ZDKDGá ¡ 7��5HV]W
 ]DáDWZ ¢ QD £ NDONXODWRU��0R*HP ¤ Z\]QDF] ¤�¥ ZDUWR� ¥x¦�§ RVWDWQLH ¦Ë Z]RUX� 
 
 
 
 
 
 
 
 
 
miejsce na wnioski 
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7HUD

�
SRUR]PDZLDP\ � 3RSDWU]P\ � ZDKDGá � VSU
*\QRZ � QDGDM � VL
 UyZQL � �

REU] � MD � ZDKDGá �
matematyczne G � Z\]QDF]DQL � ZDUWR�F � SU]\VSLHV]HQL �
	 UDZLWDF\MQHJR � 1DZH � Z]y � PR* ������ WDN �
VDP � FKR � OLF]QL � SR ��� LHUZLDVWNLH � ]QDF] � UD

�
GáXJR� � ZDKDGáD ��� UD

�
SU]\URV � GáXJR�F � VSU
*\Q\��

Ciekawe? 
 
0R* ��� SRSURVL � WHUD]��E ����� WDEOLF ��� D*G � GR�ZLDGF]DOQL � XPLH�F � � VZoje wyniki :  m, k, T, x, g 
:DUW � SROLF] ��� �UHGQL� �NODVRZ� � QLHNWyU\F ��� W\F � ZLHONR�FL��.WyU\FK" 
& ���� �! .VL
*\F " GR�ZLDGF]HQL # WDNL #%$ U]HELHJá & E � SRGREQL #(' &]\ ) E �+* L
 Uy*QLáR" 
 
.LON ! PLQX , ]RVWDZLáH )- �! RGSRZLHG( LQG\ZLGXDOQ� .�/ WU] 0 RVWDWQL 1 S\WDQLD 2 poczym ]HEUDáH 3 NDUW\ 
RELHFXM�F��* 1 SU]H 4 NR�FH 3 GQL / V]NROQHJ 5 E
G� R .�1 G 565 GHEUDQL /87 SRNRM 9�.�/ XF]\FLHOD� 
 
 
2VWDWQL 1%: \WDQLH��PLPR��* 1 Z ;=<>0�;�?@0 - ]GDZDá 5 E 0 VL
 - FKZ\FLO A VHQ ; FDáHB ]DEDZ\��QL 1 E\á 5 áDWZH�� 
3 564 áX*V]HB G\VNXVM A>A Z\PLDQL 1C: RJO�Gy 7 PL
G]\ XF]QLDP A �PR* 1 E\á 5C.�/ ZHW�WURFK
 ] /�D áR�QR� 
RVL�JQL
W 5 ZVSyOQ 1 VWDQRZLVNR E V]H�FLRNURWQL 1 PQLHMV] 1GF V]H�FLRNURWQL 1 PQLHMV] 1HD - okres taki 
VDP��6WRVXM� ? ZDKDGá 5 PDWHPDW\F] .�1 �GáXJR� IJ; WDáD K RNUH ; ZDKDGá /CL \áE 0 ZL
NV]\� 
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