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1. Uniformly Accelerated Motion





Motion is called uniformly accelerated if the magnitude of acceleration is constant and motion is in a straight line


�� EMBED Equation.2  ���





Because a=const, we find


� EMBED Equation.2  ���


�and 


� EMBED Equation.2  ���





Graphical representation:
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Now we need to calculate position of an object whose velocity is changing uniformly
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� EMBED Equation.2  ���

















Within each of the shaded rectangles, we may neglect any change of velocity and calculate the distance traveled as � EMBED Equation.2  ���which gives the area of the rectangle. After summation over all the rectangles, we obtain the total displacement as the total area under the red line.





This is the area of a trapezoid with bases � EMBED Equation.2  ��� and � EMBED Equation.2  ���and the height t. This area is


� EMBED Equation.2  ���





�From the definition of mean velocity, this means that


� EMBED Equation.2  ���





Now, from Eq.(1), we substitute � EMBED Equation.2  ��� and obtain





� EMBED Equation.2  ���� EMBED Equation.2  ���. Transforming it, we obtain


� EMBED Equation.2  ���, and finally





�� EMBED Equation.2  ���


The last formula that we will find expresses velocity directly in terms of distance, eliminating time. To obtain it, we find time from Eq.(1) � EMBED Equation.2  ���. Substituting this into Eq.(3) we find


� EMBED Equation.2  ���.


Now some algebra is due:





� EMBED Equation.2  ���





�� EMBED Equation.2  ���


From this we obtain





� EMBED Equation.2  ���


and, finally,
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� EMBED Equation.2  ���
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LIST OF FORMULAS


for uniformly -accelerated motion


(a=constant)


� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���




















Problem 1:


A car with the initial speed of 100. km/h stops with acceleration of -3.0 m/s. Find the stopping time and distance.





�1. Draw a picture

















2. Classify the problem: This problem belongs to kinematics/ uniformly accelerated motion


3. Known quantities:


� EMBED Equation.2  ���. One can always set � EMBED Equation.2  ���.


4. Unknown quantities:  x, t.


5. To find the stopping distance x we can use Eq.(4), 


� EMBED Equation.2  ���� EMBED Equation.2  ���. 


The final velocity is zero, so we obtain for the stopping distance,


� EMBED Equation.2  ���


Important: The stopping distance is proportional to the square of the velocity, not to its first power.


The stopping time can also be immediately found from Eq.(1), 


� EMBED Equation.2  ���.


6. Convert to SI: 


� EMBED Equation.2  ���





7. Substitute numerical values:


��� EMBED Equation.2  ���� EMBED Equation.2  ���          � EMBED Equation.2  ���


Another problem: At 100 km/h, a car collides with a barrier. The crumple zone at the front is 0.5 m. Find the acceleration.





��


�� EMBED Word.Picture.6  ���





Initial velocity is v=100 km/h=28. m/s, final velocity is 0; distance traveled is 0.5 m.


The acceleration (assuming it is constant) can be found from Eq.(4),


� EMBED Equation.2  ���


The acceleration of a car (and driver) upon impact is about 80 “g” (“g”=� EMBED Equation.2  ���). This means that the apparent weight of the driver during the collision is 80-fold natural weight. There is no chance to resist such force -- buckle up.


 Already at 6 “g” the brain is deprived of oxygen. At 79 “g” death is almost certain, but seat belts give some chance of survival.





Time elapsed during the collision can be estimated as � EMBED Equation.2  ���.  


There is little chance to save your life during such short an event (human’s shortest reaction time is several times longer).


What Can Happen to a Dummy?


�
� EMBED Package  ��� Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge revolution�
�















































2. Free Fall


Experiment and theory show that at the surface of the earth all bodies fall with the same constant acceleration g. 


ACCELERATION DUE TO GRAVITY


(free fall)


Location�
Elevation (m)�
g� EMBED Equation.2  ����
�
New York�
0�
9.803�
�
San Francisco�
100�
9.800�
�
Denver�
1650�
9.796�
�
Pikes Peak�
4300�
9.789�
�
Equator�
0�
9.780�
�
North Pole�
0�
9.832�
�
Acceleration of free fall depends on latitude and elevation (how?), but very weakly (why?)




















View of Earth from Moon
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Galilean thought experiment had shown that the free-fall acceleration does not depend on body’s mass:
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� EMBED Package  ���Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge revolution�
Air resistance depends not only on the mass of a body but also om its shape.  This will make different bodies to fall with different accelerations.


�
� EMBED Package  ���Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge Revolution�
�





Formulas Eqs.(1)-(4) are applicable if x is changed to y. Two possible choices of y-coordinate axis give the same physical results. However, once the direction is chosen, it should not be changed for the given problem.


�


1.   a=g                                  2.  a=-g
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LIST OF FORMULAS


for uniformly -accelerated motion


[g=a (axes down)  or g=-a (axis up)]


� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���


Example: A body falling from the rest hits the ground at 100 km/h. Find the initial height and the fall time.


Known: � EMBED Equation.2  ���


Find: h and t .


�


We start from Eq.(4) and direct y-axis down       . Then a=g. We find


�� EMBED Equation.2  ���. 


This is about 10-story building height.


� EMBED Equation.2  ���The fall time we can directly find from Eq.(3), 


�� EMBED Equation.2  ���
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x ?,  t?





100 km/h





0 km/h





Stopping


distance


d=0.5m





Because two identical bodies fall with the same acceleration, the link does not exert any force





Therefore the bodies can fuse together without affecting the fall











