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9RRU�MH�OLJJHQ�GH�RSJDYHQ�YDQ�GH�HHUVWH�URQGH��’H]H�WRHWV�LV�JHVSOLWVW�LQ�WZHH�GHOHQ��HHQ�GHHO�PHW
���PHHUNHX]HYUDJHQ�HQ�HHQ�GHHO�PHW���RSHQ�YUDJHQ�
’H�WRWDOH�WLMG�GLH�MH�YRRU�KHW�PDNHQ�YDQ�GH�WRHWV�NULMJW�LV���XXU������PLQXWHQ��
(ONH�PHHUNHX]HYUDDJ�OHYHUW�ELM�JRHGH�EHDQWZRRUGLQJ���SXQWHQ�RS��HONH�RSHQ�YUDDJ���SXQWHQ��-H
NXQW�LQ�WRWDDO�GXV����SXQWHQ�EHKDOHQ�
9RRU�GH�PHHUNHX]HYUDJHQ�JHOGW�KHW�YROJHQGH�
� (U�LV�WHONHQV�VOHFKWV�ppQ�DQWZRRUG�JRHG��6WDDW�YROJHQV�MRX�KHW�JRHGH�DQWZRRUG�HU�QLHW�ELM�

NLHV�GDQ�ZDW�HU�KHW�GLFKWVW�ELM�OLJW�
� 9XO�MH�DQWZRRUGHQ�LQ�RS�KHW�ELMJHYRHJGH�DQWZRRUGEODG��8LWVOXLWHQG�GLW�DQWZRRUGEODG�ZRUGW

JHEUXLNW�RP�MH�VFRUH�YDVW�WH�VWHOOHQ�
9RRU�GH�RSHQ�YUDJHQ�JHOGW�
� 1RWHHU�QLHW�XLWVOXLWHQG�DQWZRRUGHQ��PDDU�RRN�MH�UHGHQHULQJHQ��GH�IRUPXOHV�GLH�MH�JHEUXLNW

KHEW�HQ�MH�EHUHNHQLQJHQ��2RN�YRRU�JHGHHOWHOLMN�XLWJHZHUNWH�YUDJHQ�NXQ�MH�SXQWHQ�NULMJHQ�
� 0DDN�HONH�RSJDYH�RS�HHQ�DSDUW�EODG�HQ�YHUJHHW�QLHW�MH�QDDP�HQ�GH�QDDP�YDQ�MH�VFKRRO

GDDURS�WH�QRWHUHQ�
-H�PDJ�YDQ�KHW�%,1$6�ERHN�HQ�YDQ�GH�JUDILVFKH�UHNHQPDFKLQH�JHEUXLN�PDNHQ�
9HHO�VXFFHV�

’H]H�RSJDYHQ�]LMQ�VDPHQJHVWHOG�GRRU���/��+HLPHO�5REHHU��-��+RHNVWUD��+��-DQVHQ��+��-RRVWHQ�
+��-RUGHQV��(�Y�G��/DDQ��$�+�0RROGLMN��*��0XQWHUV��&KU��WH�5DD�HQ�5�6��GH�9ULHV�
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,Q�GH�YROJHQGH�YUDJHQ�LV�WHONHQV�VOHFKWV�ppQ�DQWZRRUG�JRHG��6WDDW�YROJHQV�MRX�KHW�JRHGH
DQWZRRUG�HU�QLHW�ELM��NLHV�GDQ�ZDW�HU�KHW�GLFKWVW�ELM�OLJW�

0((5.(8=(95$*(1

�� 7ZHH�LGHQWLHNH�YHUHQ�ZRUGHQ�HHUVW�RQGHU�HONDDU�JHKDQJHQ��VLWXDWLH����HQ
YHUYROJHQV�QDDVW�HONDDU��VLWXDWLH�����,Q�EHLGH�VLWXDWLHV�ZRUGW�GH�WRWDOH
YHHUFRQVWDQWH�EHSDDOG��

� :DW�LV�GH�YHUKRXGLQJ�YDQ�GH�WZHH�WRWDOH�YHHUFRQVWDQWHQ�� ��LQ�GH
VLWXDWLHV���HQ��"
$ �����
% �����
& �����
’ �����

�� (HQ�DXWR�EHJLQW�WH�ULMGHQ�RS�t = 0 s�PHW�HHQ
YHUVQHOOLQJ�YROJHQV�GH�KLHUQDDVW�VWDDQGH�JUDILHN�

� :DW�LV�GH�VQHOKHLG�YDQ�GH�DXWR�QD�����VHFRQGHQ"
$ v = 3,0 m/s
% v = 6,0 m/s
& v = 8,0 m/s
’ v = 10 m/s

�� (HQ�EDO�ZRUGW�VFKXLQ�RPKRRJ�ZHJJHJRRLG�HQ�EHZHHJW�]RQGHU
ZULMYLQJ�QHWMHV�ODQJV�HHQ�SDUDERRO��2S�HHQ�JHJHYHQ�PRPHQW�LV�GH
EDO�LQ�KHW�KRRJVWH�SXQW�YDQ�]LMQ�EDDQ�

� :HONH�WHNHQLQJ�JHHIW�KHW�EHVWH�GH�UHVXOWHUHQGH�NUDFKW�F RS�GH�EDO
ZHHU�LQ�KHW�KRRJVWH�SXQW�YDQ�GH�EDDQ"

$ % & ’
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�� ’H�DFKWHUUXLWYHUZDUPLQJ�YDQ�HHQ�DXWR�EHVWDDW
XLW�HHQ�DDQWDO�KRUL]RQWDOH�ZHHUVWDQGVGUDGHQ�GLH
RS�GH�DFKWHUUXLW�JHSODNW�]LMQ��,HPDQG�RQWZHUSW
WZHH�YHUVFKLOOHQGH�VFKDNHOLQJHQ��]LH�GH�ILJXUHQ
��HQ���
%LM�EHLGH�VFKDNHOLQJHQ�]LMQ�GH�KRUL]RQWDOH
GUDGHQ�HYHQ�ODQJ�HQ�EHVWDDQ�GH�YHUWLFDOH
YHUELQGLQJVVWULSV�XLW�HHQ�OHJHULQJ�PHW
YHUZDDUORRVEDUH�ZHHUVWDQG��’H�WRWDOH�ZHHUVWDQG�YDQ�GH�VFKDNHOLQJ�LQ�ILJXXU���LV�R1�HQ�LQ�ILJXXU��
LV�GH�WRWDOH�ZHHUVWDQG�R2�

� +RH�JURRW�LV�GH�YHUKRXGLQJ��R1 : R2  "
$ R1 : R2  =  7 : 2
% R1 : R2  =  7 : 3
& R1 : R2  =  7 : 4
’ R1 : R2  =  7 : 5

�� ’H�VWUDDO�R�YDQ�HHQ�]HHSEHO�KDQJW�DOOHHQ�DI�YDQ�KHW�GUXNYHUVFKLO��p�ELQQHQ�HQ�EXLWHQ�GH�EHO�HQ�GH
RSSHUYODNWHVSDQQLQJ�� (N/m)�YDQ�GH�]HHS�

� 9RRU�GH�VWUDDO�YDQ�GH�]HHSEHO�JHOGW�GDQ�
$
%
&

’

�� :H�KHEEHQ�GH�EHVFKLNNLQJ�RYHU�HHQ�VSDQQLQJVEURQ�����9����HHQ�ODPSMH�3����9����$����HHQ�ODPSMH
4����9����$���HHQ�DDQWDO�VQRHUHQ�PHW�YHUZDDUORRVEDUH�ZHHUVWDQG�HQ�HHQ�RQEHSHUNW�DDQWDO
ZHHUVWDQGHQ�YDQ�YHUVFKLOOHQGH�ZDDUGHQ�
’H�RSGUDFKW�OXLGW�RP�VFKDNHOLQJHQ�WH�RQWZHUSHQ�ZDDUELM�PHQ�GH�HLV�VWHOW�GDW�EHLGH�ODPSMHV
QRUPDDO�PRHWHQ�EUDQGHQ��+LHURQGHU�]LMQ�GULH�PRJHOLMNH�VFKDNHOLQJHQ�JHWHNHQG�

� ,Q�KRHYHHO�YDQ�GH�JHJHYHQ�VFKDNHOLQJHQ�NXQQHQ�EHLGH�ODPSMHV�QRUPDDO�EUDQGHQ"
$ �
% �
& �
’ �
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�� 9DQ�HHQ�EHSDDOG�VRRUW�ODPSMH�LV�GH�VSDQQLQJ�
VWURRP�NDUDNWHULVWLHN�JHJHYHQ��’ULH�YDQ�GH]H
ODPSMHV�ZRUGHQ�VDPHQ�PHW�HHQ�LGHDOH�EDWWHULM
YDQ�����YROW�JHVFKDNHOG�]RDOV�LQ�KHW�VFKHPD�LV
DDQJHJHYHQ�

� %HSDDO�GH�JURRWWH�YDQ�GH�VWURRP�GLH�GH�EDWWHULM
OHYHUW�
$ I  =  0,20 A
% I  =  0,25 A
& I  =  0,29 A
’ I  =  0,39 A

�� $OV�MH�GH�OLFKWLQWHQVLWHLW� �YDQ�HHQ�SXQWYRUPLJH
ODPS�DOV�IXQFWLH�YDQ�GH�DIVWDQG� �WRW�GH�ODPS
RSPHHW��NULMJ�MH�HHQ�GLDJUDP�]RDOV�GDW�KLHUQDDVW
VWDDW�DIJHEHHOG�

� +RH�PRHW�MH�GH�JURRWKHGHQ�RS�GH�DVVHQ
DDQSDVVHQ�RP�HHQ�UHFKWH�OLMQ�GRRU�GH
RRUVSURQJ�WH�NULMJHQ"

$ �DOV�IXQFWLH�YDQ� �
% �DOV�IXQFWLH�YDQ�
& �DOV�IXQFWLH�YDQ�

’ �DOV�IXQFWLH�YDQ�

�� 7ZHH�VSLHJHOV\PPHWULVFKH�SODWEROOH�OHQ]HQ�]LMQ
WHJHQ�HONDDU�DDQJHGXZG�]RGDW�]H�ppQ�OHQV
YRUPHQ��0HQ�SODDWVW�OLQNV�YDQ�GH
OHQVFRPELQDWLH�HHQ�YRRUZHUS��]RGDW�HU�UHFKWV
YDQ�GH�OHQVFRPELQDWLH�HHQ�EHHOG�RQWVWDDW�
%HHOGDIVWDQG�HQ�YRRUZHUSDIVWDQG�EOLMNHQ�KLHUELM
DOOHEHL����FP�WH�]LMQ��1X�YHUVFKXLIW�PHQ�GH
UHFKWHU�OHQVKHOIW���FP�QDDU�UHFKWV�

� :DW�JHEHXUW�HU�PHW�KHW�EHHOG"
$ 1LHWV�
% +HW�EHHOG�VFKXLIW�PLQGHU�GDQ���FP�QDDU�UHFKWV�
& +HW�EHHOG�VFKXLIW�SUHFLHV���FP�QDDU�UHFKWV�
’ +HW�EHHOG�VFKXLIW�PHHU�GDQ���FP�QDDU�UHFKWV�
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��� ,Q�GH�KLHUQDDVW�VWDDQGH�VFKDNHOLQJ�ZRUGW�GH�VFKXLI�6�QDDU�OLQNV�
LQ�GH�ULFKWLQJ�YDQ�;�YHUSODDWVW�

� :DW�JHEHXUW�HU�PHW�GH�VWURRPVWHUNWH�LQ�GH�ZHHUVWDQGHQ�3�HQ�4"

LQ�3 LQ�4
$ QHHPW�WRH QHHPW�WRH
% QHHPW�WRH QHHPW�DI
& QHHPW�DI QHHPW�WRH
’ QHHPW�DI QHHPW�DI

��� 2SD�-DQ�LV�RXG]LHQG�ZDDUGRRU�]LMQ�QDELMKHLGVSXQW�KLQGHUOLMN�YHU�ELM�]LMQ�RJHQ�YDQGDDQ�LV�NRPHQ�WH
OLJJHQ��(HQ�OHHVEULO�FRUULJHHUW�GH]H�RRJDIZLMNLQJ��2SD�-DQ�EHNLMNW�PHW�GH�EULO�HHQ�YRRUZHUS�GDW
]LFK�LQ�KHW�JHFRUULJHHUGH�QDELMKHLGVSXQW�EHYLQGW��’H�EULO�PDDNW�YDQ�GLW�YRRUZHUS�HHQ�EHHOG�

� :DW�NXQ�MH�RYHU�GLW�EHHOG�]HJJHQ"
$ +HW�EHHOG�LV�DOWLMG�YLUWXHHO�
% +HW�EHHOG�LV�DOWLMG�UHsHO�
& (U�LV�JHHQ�EHHOG�
’ +HW�EHHOG�LV�UHsHO�RI�YLUWXHHO��KDQJW�YDQ�GH�VWHUNWH�YDQ�GH�EULO�DI��

��� %HVFKRXZ�HHQ�ILHWVEDQG�GLH�HONH�OXFKWGUXN�NDQ�ZHHUVWDDQ�]RQGHU�NDSRW�WH�JDDQ��’H�EDQG�ZRUGW
�VWHHGV�YDQXLW�¶OHHJ•��PHW�YHUVFKLOOHQGH�ILHWVSRPSHQ�RSJHSRPSW��,Q�DOOH�JHYDOOHQ�EOLMNW�HU�HHQ
PD[LPDOH�OXFKWGUXN�LQ�GH�EDQG�WH�RQWVWDDQ��GLH�SHU�SRPS�YHUVFKLOW��’H�SRPSHQ�]HOI�YHUVFKLOOHQ�LQ
KXQ�¶SRPSLQKRXG•�HQ�LQ�KXQ�¶VODQJLQKRXG•��+LHUELM�LV�GH�SRPSLQKRXG�GH�LQKRXG�YDQ�GH
SRPSFLOLQGHU�ELM�PD[LPDOH�]XLJHUVWDQG��JD�HUYDQ�XLW�GDW�GH�]XLJHU�GH]H�LQKRXG�VWHHGV�WRW�QXO�ZHHW
WH�UHGXFHUHQ���’H�VODQJLQKRXG�LV�GH�LQKRXG�YDQ�GH�VODQJ�GLH�WXVVHQ�SRPS�HQ�EDQG�LV�DDQJHVORWHQ�
’H�GUXN�YDQ�GH�EXLWHQOXFKW�LV� �

� :HONH�YDQ�GH�YLHU�RQGHUVWDDQGH�XLWGUXNNLQJHQ�JHHIW�GH�WKHRUHWLVFK�PD[LPDDO�KDDOEDUH�GUXN�LQ�GH
EDQG�KHW�EHVWH�ZHHU"

$

%

&

’




