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Homework 1:

Sometimes it is easier to describe the motion on a curved path in cylindrical coordinates than
in cartesian coordinates.
The position vector in cylindrical coordinates is:

zr etzetrtr )()()( +=

whereas the unit vector re  depends on the angle ϕ and this on his part again depends on the
time, which can be written as  ))(( tee rr ϕ= . Due to this time dependence of the unit vector
the derivations with respect to time for the velocity and the acceleration are not as simple
expressions as in cartesian coordinates. Determine these expressions.
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Homework 2:

Given the crank mechanism w
and the piston. The position o
centre TDC).

1) Determine expressions for 

Assume that the angula

2) Simplify the expressions fo

Hint: use the ex

11 ≈−δ

3) Determine x, v, a for ∞→l
ith a crank shaft with an offset r, a c
f the piston is given by x starting at 

the piston position ( )αx , velocity (αv

r velocity .const==ωα! , introduce t

r small values of l
r=λ .

pansion and truncate the series:

1
2

≤− δδ für

( )0→λ .
onnection rod of length l
the dead centre (top dead

) and acceleration ( )αa .

he ratio l
r=λ .
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Solution of Homework 1: 
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Velocity: 
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Acceleration: 
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Solution of Homework 2: 
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1) piston position ( )αx  
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 piston velocity ( )αv  
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 piston acceleration ( )αa  
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2) small values of λ  
 

 

( ) ( )
( ) ( )
( ) ( )( )
( )
( )
( )
( )

( )( )
( )( )
( )( )αλαω
ααω

αα
αα

α
α
α
α

δα
αλα

λ

λλ

λ
λ
δ

δ

δ

δ

2coscosra
2sinsinrv

2coscos1rx
sincos1r

cos1r
cos1r

lcos1r
11lcos1r
11lcos1r

sin11lcos1rx

2
2

44

2
2

2

2r
l
2

2

22

+=
+=

−+−=
+−=
+−=
+−=
+−=

−−+−≈
−−+−=
−−+−=

 

  

2
1

1sin1

1sinwith
22

22

δ
δαλ

αλδ

−≈

−=−

≤=

 

 with ( )( )αα 2cos1sin 2
12 −=  

 
 
 
3) 0l

rl →=∞→ λ   

 

 
( )

αω
αω
α

cosra
sinrv
cos1rx

2=
=

−=
 

 


