Women’s Technology Program in Mechanical Engineering

Massachusetts Institute of Technology

Optical Tweezers Experiment
Question 1: What are the units of the stiffness, ? Record in your lab notebook. 

units of a are Force/distance, or N/m, or kg/s2
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Question 2: Sketch the curve of Fx vs. x in your lab notebook. Use geometry to express the area under the curve in terms of and x and define this as the potential energy of the trap, Ep, as a function of x. Now write a Matlab routine to numerically compute the integral of the Fx vs. x curve. Make  and x variables that you specify, and then plot the integral vs. x for  = 1 and 0 < x < 10. Print the plot and tape in your lab notebook.

[image: image2]
…I haven’t written the Matlab routine….
Question 3 Describe the degrees of freedom for a sphere. What about a dumbbell made by connecting two spheres 
[image: image3]? What about a triangle? Sketch each shape in your lab notebook. Indicate all translational and rotational degrees of freedom for each case using arrows as shown in Fig. 4. 

Sphere – 3 degrees of freedom, just the 3 translational

Dumbell – 5 dof – rotation around the axis joining the spheres doesn’t count

Triangle – 6 dof – 3 translational and all 3 rotational.
Question 4: Find the value of Boltzmann’s constant on line and record in your lab notebook WITH UNITS. Compute the energy given by Eq. (2) at room temperature. Compare to the energies of common processes discussed in class. Do you think the thermal energy given by Eq. (2) is easily observable in every-day objects? Why or why not?
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Room Temperature = 20 (C = (20 + 273) K = 293 K. (Make sure they convert to Kelvin)
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Common processes are of order Joules, this is TINY!
To get to 0.1 J, the temperature would have to be 1022 K, which is much greater than the internal temperature of the sun (15 million K).
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Question 5: Record in your lab notebook the equation for in terms of kB, T, and 
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. You will need to refer to this during data analysis so circle the result.
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Question 6:
1. How do you think the drag force will vary with d (i.e. will it increase as d increases or vice versa)  proportional to d (larger diameter, more drag)
2. How do you think the drag force will vary with speed? (Hint: Imagine pulling open the trunk to your car.  If you pull the lid open slowly, is there a lot of force opposing you? What if you try to open it quickly?) Proportional to v (higher speed, more drag)
3. Do you think it will drop more quickly in water or in honey? Water What is the major difference between these two liquids? Viscosity Do you know what that property is called?

Question 7: Record the units of each of these quantities in your lab notebook. You will need to know that the relevant viscosity is the dynamic viscosity, not the kinematic viscosity. Use SI units. 
d = m, v = m/s,  = Pa s = N s/m2 = kg/(m s)
Question 8: Use dimensional analysis to construct an expression for drag force from these three variables (d, v, ) that has both the correct functional dependence (as you determined in 1-3 above) and the correct units. There is one additional factor in the equation: a factor of 3. Fill in the function f in Eq. (4) below to complete the equation.
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Question 9: Solve Eq. (5) for  and record in your lab notebook. You will need to use this result during your data analysis phase, so please circle it. 
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Question 10: Find the dynamic viscosity of water on line and record in your lab notebook with units. If the units are not the correct ones 
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, convert your result. 8.9(10-4 Pa s =
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