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Seminary exercise Nr. 1
Kinematics of a mass point

Define the dot (scalar) and the cross (vector) products of two arbitrary 3D vectors A and
B . Find an example in Physics where these products are used.

The components of a vector A are defined in a 3D coordinate system. Find the
components of an arbitrary vector B which is perpendicular to A

-

Define the unit (base) vector of an arbitrary vector A
Find the angle between two vectors A and B ,if the dot product is A-B=0 .

The vector A lies on the xy-plane and it forms an angle of 45 degrees with the x-axis.
Find the components of the vector A ,if |A]|=2 .

The vector A lies on the xz-plane and it forms an angle of 60 degrees with the x-axis.
Find the components of the vector A ,if |[A||=3 .

Let the position of a particle on the x-axis be x(t)=3t—4¢t’+t> . Find the appropriate
functions for the velocity and the acceleration of the particle and describe the type of motion.
Calculate all kinematic quantitiesat t,=1 , t,=2 and ;=5 .

The motion of a particle shows a constant acceleration a>0 , with v(0)=v,<0 and
x(0)=x,>0 . Find the appropriate functions for the velocity and the position of the particle
and plot all functions in a graph.

The velocity of a particle is linear with respect to time. Find the appropriate functions of
acceleration and position.

The acceleration of a particle is linearly decreasing in time. Find the expressions of velocity
and position and describe the obtained formulas.

-

The position vector of a particle is given by 7 (t)=Acos(3bt)i+Asin(3bt)] , where

A and b are constants (explain their physical meaning). Find the components of the

velocity and the acceleration vectors and calculate their magnitudes. Describe the type of
motion and find the angular speed and period.

A small ball is tossed vertically at a constant initial speed of 12 m s™. Find the functions of
velocity and position and calculate the maximum theoretic height that can be reached.

A rescue plane flies at constant speed of 200 km h™ at a height of 0.5 km on the sea level. A
rescue bag is dropped in order to fall down directly to the point of a victim location. At which
horizontal distance should the bag be dropped? What is the final impact speed of the bag?

A ball is thrown with a speed of 15 m s™ in the upward direction with an initial angle of 60
degrees. Calculate the maximum theoretical height and the total horizontal distance that can be
reached by this throw.

A car is running on a circular track at a constant speed of 150 km h™'. The curvature radius of
the track is 500 m. Calculate the magnitude of the centripetal acceleration.

The circular motion of a particle shows a tangential velocity with constant magnitude (select
the invariables of the problem). Define the functions of angular velocity and position and plot
all functions in a graph.

Consider that the rotation of a disc is given by  6(t)=3t—4 t*+t> . Find the appropriate
functions of angular velocity and angular acceleration and describe the type of motion.
Calculate all kinematic quantitiesat t,=1 , t,=2 and ;=5 .



