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 Mechanical oscilloscope, laser TV, laser printer, laser camera, radar and other applications
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         In this project, by means of two mirrors (which can be rotated about two perpendicular axis) we deflect the laser beam so as to scan a rectangular screen, and we try to show that this scanning technique can be used as a mechanical oscilloscope or a video monitor. 

        Main part of our scanning system consists of two mirrors: one for horizontal scanning  and the other one for vertical scanning:
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         Mirror X oscillates about the x-x axis with an angular frequency ωx   and Mirror Y oscillates about the y-y axis with an angular frequency ωy. Planes of mirrors and the screen are all parallel to each other.

         If we keep the Mirror Y stationary and rotate Mirror X  slightly (angle α), deflection of the beam on the screen will be Δx. And similarly if we keep the mirror X stationary and rotate the Mirror Y slightly (angle β), we will get a vertical deflection Δy on the screen.

         Δx can be calculated as follows:
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tan θ = a/ d   ,   tan (θ + 2α) =  b/ d

ΔX’ = b – a = d( tan(θ + 2α) – tan θ)

         Assuming that the angle of incidence of the beam (θ) is very small;
          ΔX’ = d tan 2α;    from the similarity of the triangles

(2d + h) ΔX’  = d ΔX,    therefore      ΔX= (2d + h) tan2α

          Similarly, assuming that the angle of incidence of the beam (θ) is very small, Δy can be written as: 
           Δy = (d + h) tan2β
               Laser  Oscillograph ( Mechanical Oscilloscope ) 

Experiment  1

         We first activate the  Oscillator X  of Mirror X and deflect the beam horizontally. Amplitude of the deflection Ax  depends on the driving potential  VX (t)  
                                                     AX(t) ( VX (t)  =  VX  cos ω xt
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Experiment 2

         We activate the Oscillator Y of  Mirror Y and obtain a vertical deflection. Similarly, amplitude of the vertical deflection  Ay  increases with the potential  Vy(t), i.e. , 

                                                   Ay (t) (   Vy (t) =  Vy  cos ωy t
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Experiment 3

         We apply signals of equal amplitude and frequency (and phase) to the Mirror X and Mirror Y simultaneously and observe a diagonal trace 
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         We also observe that this diagonal line can be rotated by changing Ax or Ay . This is an expected result, because  A is the vector sum of  Ax and Ay ; i.e , 

                                            A2 = Ax 2  + Ay2

Experiment 4

         We change the phase angle of the electric signal applied to Mirror X           

                        VX(t) =     VX  cos (ω xt + () ,  (( is the phase angle)

and observe that, as the phase angle increases the line evolves into an elipse. 
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Experiment 5 

         We continue to increase the phase angle and observe the circular motion of the beam when (= π/2
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Experiment 6

        We modulate the laser source with a square wave of frequency fL and observe that the circle is divided into rotating spots.
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           We adjust the frequency fL to obtain stationary spots and count the number of spots  N.  

           N depends on fL  and fX 
                                   N = fL / fX       ( fX  = 2π ωx  = fY )

Experiment 7

         In this experiment, we apply different frequencies to the mirrors. The higher frequency is applied to Mirror Y , where we choose fy  = 10 fx . Then we observe that the laser beam traces the following graph.    
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         This is an expected result, since fy  = 10 fx , after tracing 5 oscillations, Mirror X retraces the screen backwards. Dotted line below shows the backtrace of the beam.
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Experiment 8 

         Finally, we turn off the laser during the backtrace period and obtain a typical oscilograph pattern of the sinusodial wave.
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           Scanning Laser Video Monitor ( Scanning Laser TV )

       We have already shown that light can be scanned vertically and horizontally by two mirrors, and the source can be modulated to obtain dark and illuminated points on the screen. Therefore we can print any picture on any screen (even a motion picture). To accomplish this we begin with the composite video signal of a game console and seperate the vertical and horizontal snychronization pulses from the video signal. Since our device is going to be a colorless one we try to suppress the burst signal by means of a filter.  

        We use vertical sync. to drive our vertical oscillator, horizontal sync. to drive our horizontal oscillator and the video part to modulate our laser source.
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        In our scanner horizontal sync.(line sync.) frequency is 15625 Hz and vertical sync. (frame sync.) frequency is 50 Hz.

        We construct our apparatus and obtain rectangulur frames of dimensions 10x7cm on a screen 20cm away from the Mirror Y with a 0,1 mW laser source. As can be seen in our video (taken by an amateur camera) linearity of picture is satisfactory. 

               Adventages of scanning laser techique

       - Low power consumption  (100mW laser will be enough for a picture of dimensions 100x100 cm)

        - Pictures can be performed on any screen 

        - Dimensions of the picture increase with increasing distance 

        - No lenses are needed for focusing

        - Can be used as a cinema projector and in many other fields such as: Fast laser printers which can print on any paper (by burning the paper) at the frame rate; i.e 50 pages per second. Fast laser data recorders (and/or readers) which can record data on a stationary plate. And many other industrial , medical, scientific... applications of scanning laser. 

       Besides these video monitoring applications, this scanning technique can also be used for receiving light or any kind of radiation. In order to do this laser source should be replaced with a photomultiplier or some other kind of radiation sensor. As the mirrors oscillates and scans the space, incoming rays from the related portion of the space will reach to the receiving unit and will be detected. We belive that this kind of real time and real space receiving technique will have some adventages over conventional methods.

         We may also suggest that this scanning tecnique can be used for three dimensional  applications. 

