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�

�o� �an �e ��ara��eri�e ��e �e��ani�al �t�te o� �ot�o� of an o��e���

�e usuall� use ��e le��er p �or I� �o �eno�e i� �fro� La�in �ello ��us�� �ove���

�i��in a �lose� s�s�e� ��e �o�en�u� is co��er�e� �re�ains �ons�an���

�o�e�t�� ��ara��eri�es tr�����t�o��� �ove�en� of a �o���
� 

v � 1� ���� ����� ��s            v � 1� ���� ����� ��s    v � ���� ���� �1��� ��s 

� � �� ��� �g                           � � � �g � ���                      � � ����� �g

�o�e�t�� �p�� � = � � �    kg
m

�
ve��or

�e��on� �ot�o� is ��t�r�� �t�te

�y�a�ics

�

��na�i�s raises a ne� �ues�ion� ��a� is ��e c���e of ��e c����e� of �ot�o� or ����e�

�ns�er� ��e 
��ter�ct�o� of ��e 
o��e�� �i�� o��er 

o��e��s�

�e��o��s ����a����a��o����e��ia

�

�ver� o��e�� re�ains a� res� or �oves in a s�raig�� line �i�� unifor� velo�i�� 
un�il ano��er o��e�� �ill �o��el i� �o ��ange i�s �o�ion� 

The p��� ����e� ����� �� ��he� ����e
���pe�� �� �� ���p�

�e�in�er� ��e �ifferen�e �e��een ��e s�a�e of res� an� linear �o�ion �i�� �ons�an� 
velo�i�� �e�en�s on ��e iner�ia s�s�e��

�n�era��ions �an �e of �ifferen� s�reng��s� �e nee� a �uan�i�� ��a� �es�ri�es 
��e �tre��t� o� t�e ��ter�ct�o�� �Force��

The�����e ��������� ����he p���
�h���e� �e����e ������e ���� �p�� �����

The p��� �e����� �� �e�� ����� � ����e
���pe�� �� �� �h���e ��� ����e �� �������

�o�e�t�� is co��er�e� ��o�en�u� �onserva�ion�



�o�ce

�

��e s�ronger ��e in�era��ion� ��e fas�er ��e �u�� a��elera�es �
��e ne� �uan�i��� for�e �F�� �us� �e �ro�ort�o��� to t�e �cce�er�t�o��

�~�

��en ��ro�ing �o�ling �alls of �ifferen� �eig��s� �e �an fin� ��a� if ��e
��ro�ing is �one �i�� ��e sa�e for�e� ��e lig��er �all �an �e
a��elera�e� �e��er ��an ��e �eavier one� �o a��ieve ��e sa�e
a��elera�ion for a �eavier �all� �e nee� �o e�er� �ore for�e� � ��e ne�
�uan�i��� ��e for�e �F� �us� also �e �ro�ort�o��� to t�e �����

�~�

Force ���� � = � � �     kg
m

��
= � ve��or

• ��e �ire��ion of ��e for�e is al�a�s ��e sa�e as ��e �ire��ion of a��elera�ion�

kgm
�

�
= �an� � =

��

��

�e��on

�e��o��s ����a�������a�e��al �a��o���y�a�ics

�

�f �ore for�es a�� on ��e e�a�ine� o��e�� a� ��e sa�e �i�e� ��ese for�es �us� �e 
a��e� �ve��oriall�� �o o��ain ��e ��� ������

�� � �� � �� � � = � �

�

�

= ��

��e�ial �ase� e������r���

� �

�

�

= � � � � �� so ��e o��e�� re�ains a� res� �v����� or �oves
�i�� unifor� velo�i�� �v�� �ons���� 

�o��en��
�n �ro�le�s��al�ula�ions� �e �ill onl� �or� �i�� si�ua�ions ��ere ��e for�es a�� along a
s�raig�� line� ��is si��lifies ve��or a��i�ion for ��� o�era�ions

���or�ing �o ��is� �e��on�s 1� la� �an �e vie�e� as a 
s�e�ial �ase of ��e �� la��

�t�t�c�� ne� for�e is �ero� ��e o��e�� is a� res��

��e c����e o� �o�e�t�� nee�s �orce ����

���lica�io�����a�i�y

�

�n free fall � � ��� �

�������� = � � �

so � = � � � = � � � for�e is e�er�e� on ��e o��e���

�r���t� ���r���t���  

• �ravi�� �ct� o� e�er� o��ect in ��e �ar���s gravi�a�ional fiel�� ��e��er ��e 
�o�� is �o��le�el� in free fall or onl� �ar�iall�� floa�ing� or res�ing so�e��ere� 

�n ea�� �ase� ��e sa�e for�e of gravi�� e�er�s i�s effe�� on ��e o��e��s� �u� ��e ��anges in 
�o�ion are �ifferen�� ��is is �e�ause o��er for�es also a�� on ��e o��e��s� 

Free ����

P�ac�ice

�

Le� us anal��e ��e for�es a��ing on ��e o��e��s in ��e follo�ing �ases�

�ree fall

��r���t�

� = �

� �

�

�

= �g������

�rere�uisi�e� 
free fall

�rere�uisi�e� 
unifor� �o�ion

�v � �ons���

� = �

� �

�

�

= �g������ � ��� = �

��r���t�

��r

air resis�an�e
��rag�

�

�g������ = ���

��r���t�

�o free fall� 

� � �

� �

�

�

= �g������ � ��� = ��

��r

air resis�an�e
��rag�

��e �an a��elera�es� 
�u� �is a��elera�ion is 

less ��an ��

��� � �g������



P�ac�ice

�

Le� us anal��e ��e for�es a��ing on ��e o��e��s in ��e follo�ing �ases�

�rere�uisi�e�
floa�ing
�v � ��

v � �

��

�

�or�e of ��e surfa�e

� = �

� �

�

�

= �g������ � �� = �

�g������ = ��

���

��r���t�
��r���t� �  �

�uo�an��

� = �

� �

�

�

= � � ��� = �

�g������ = ��� = � = ��

�eig��

P�oble�

1�

��r���t�

�o free fall� 

� � �

� �

�

�

= �g������ � ��� = ��

��r
�ir resis�an�e

��e �an a��elera�es� 
�u� �is a��elera�ion is 

less ��an ��

��� � �g������

�

���p������� �alula�e ��e a��elera�ion of ��e �an if � � �� �g an� 
Far � ��� ��

���p������� ��e �an �� � �� �g� falls �i�� ��e a��elera�ion of 
�� ��� ��s�� �o� �ig is ��e air resis�an�e�

�e��o��s ����a�����a��o�����al �c�io��a����eac�io�
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• ��en ��o �o�ies ��ter�ct �i�� ea�� o��er� ��e� �ot� e�ert � �orce 
on ea�� ano��er�

• ��e �orce� ��us al�a�s �ct �� ���r�� for�ing for�e��oun�erfor�e
�a��ion�rea��ion� �airs� � single for�e �anno� e�is��

• ��e �����t��e� o� t�e �orce� e�er�e� on ea�� o��er are ��e 
���e� �u� ��e� �o��t �� o��o��te �ire��ions�

�o�

�a�le

�eig��

���

�

���

�

�n e�uili�riu�� � = ��

�o�
��ar� ��one

�� ��

� �

 = ��������

• �or�es are al�a�s �ire��e� �o co�tr�r� ��rt��

�e��o��s la�s �o� �o�a�io�

1�

������r �o�e�t�� ���� �= � � �    kg
m�

�
ve��or

�o� �an �e ��ara��erise ��e �t�te o� �ot�o� of a rot�t��� o��ect� 

�� � � � � co��t��t ��onserva�ion of angular �o�en�u�� �see� ro�a�ing s�a�er�

��� ��e ��ange of angular �o�en�u� nee�s tor��e ����

��uili�riu�� if
Fresul�an� � � ��� �resul�an� � � 
is si�ul�aneousl� fulfille�� 

��en� � � � � �ons�an� an� � � � � �ons�an�



�ha��e o��sha�e

1�

Force �a� resul� in �e�or��t�o��

�i��les� �efor�a�ion is ��e e�o���t�o��

te����e �tr����

����is ��e �tre�� �te����e �tre��� �� ������� 
�u� i� �oul� �e co��re����e �tre�� or �re���re ���������
�oeffi�ien�� �o����� �o����� �������

e�g�� �ollagen fi�er ������� ��a� �one 1���� ��a

�oo�e�� ��w

�ore general � co��re����e �tre���

��is ��e �ul� �o�ulus�
1���� � is ��e �o��ressi�ili�� ��l� �s�eel � ����� ��a�1�

P�ess��e

1�

• ��e �efor�a�ion of an o��e�� �e�en�s no� onl� on ��e for�e a��ing on i�� �u� also on ��e 
surfa�e on ��i�� ��e for�e is a��lie�� 

• �o�er alone is no� al�a�s enoug� �o �es�ri�e ��e in�era��ion� �e nee� a �ew ����t�t� 
t��t ���o t��e� t�e ��r��ce ��to �cco��t� � ��ressure��  

�re���re �p�� � =
�

�
   

�

m�
 = ��

�as�al

s���oli�all��

in reali���

�even �is�ri�u�ion�

���er �o��onl� use� uni�s�
�ar ��ar� � 1�� ��a� a��os��ere �a��� � 1�1� ��� ��a� 
�illi�e�re of �er�ur� ����g� � 1���� �a

�he���his �esc�i��io��is��o��e�o��h

1�

• �� s�ee�s �lose �o ��e s�ee� of lig��
s�e�ial ��eor� of rela�ivi��

• �or o��e��s of a�o�i� si�e
�uan�u� �e��ani�s

• �on�iner�ial s�s�e�s �e�g� a��elera�ing air�lanes� re�uire o��er
for�s of e�ua�ions

��ecial��y�es o���o�ces�a����hei��la�s�� ��a�i�a�io�al��o�ce�
a����he�la��o����i�e�sal ��a�i�io�

1�

� = �
�� � ��

��

�

�1
��

�r���t� o� t�e ��rt��

��r���t�

� �

�������� = �
������ � �

��
=

�

�

��ar��

��

�

�ravi�a�ional �ons�an�

�a�ius of 
��e �ar��



��ecial��y�es�o���o�ces�a����hei��la�s �
�o�ce o��a�s��i�� a����oo�e�s la�

1�

� = �� � �

��r��� co��t��t
�����

�nflun�e� �� ��e �ro�er�ies of ��e 
s�ring ��a�erial� geo�e�r��� 

�

�

�

�����

�

�

�

�

• ��is for�e is also �alle� re�tor��� �orce�

��e resul� of a for�e �in�era��ion� �an no� onl� �e a ��ange of �o�ion �u� also a ��ange of s�a�e ��efor�a�ion��

�

�

a� res�

� nega�ive �e�ause � �osi�ive

� �osi�ive �e�ause � nega�ive

�io�echa�ics�o���e��o�s�a���li�a�e��s

1�

� for�e of 1��� � is re�uire� for �� elonga�ion of ��e ���illes �en�on of ��e leng�� of 1� ��� 
�al�ula�e ��e s�ring �ons�an� of ��e �en�on� 

�oo�e�s la� a��lies a��ro�i�a�el� �o ��e ���illes �en�on� ��i�� �an 
��erefore �e �o�ele� �i�� a s�ring� 

leng�� of ��e �en�on

Linear region

ru��ure

�ase region

P�oble�

1�

��e s�ring �ons�an� of ��e s�ring s�o�n in ��e figure is ��� ���� 
�al�ula�e ��e �eig�� of ��e o��e�� �la�e� on i�� 

��ecial �y�es o���o�ces � ��ic�io�

��

�
��

�i�ros�o�i� �on�a�� surfa�e � �ole�ular for�es of a��ra��ion
� fri��ion

��e �ons�an� s�ring for�e of �� � is a��lie� an� ��e o��e��
gli�es evenl�� ��a� is ��e for�e of fri��ion�

�n a �eal��� �oin� ��e in�a�� 
�ar�ilage surfa�e � a�ong o��er 
fa��ors � allo�s for a��ro�i�a�el� 
fri��ion�free �ove�en��

�n�ur� �o ��e �ar�ilage surfa�e 
e�g� in r�eu�a�oi� ar��ri�is� i� 
in�reases fri��ion in ��e �oin��

�e��t�� �o��t �o��t �� r�e���to��
�rt�r�t��



�ei�h�

�1

��a��er ��o�e�or��


