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Assignment #15: Mechanical and Electrical Engineering 
INSTRUCTIONS: USE THE NOTES ON YOUR MECHANICAL AND ELECTRONIC ENGINEERING HANDOUTS TO COMPLETE THESE QUESTIONS.
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1.  A gecko has toe hairs that allow this tiny lizard to scamper along vertical 
surfaces and ceilings. Scientists have been working to try and synthetically                           produce the same material to be used in bandages that will continue to stick                       even when wet as well as other applications. 

"With friction only, a gecko would fall from a wall or ceiling. With directional                     adhesion, a gecko can stop itself from falling." Explain what this means using               the terms adhesion and friction. 
2. When trying to push a heavy box along a flat surface, considerable force is needed. When trying to push the same heavy box that now has four wheels along the same surface, it takes less force. Explain why the second box is easier to push and refer to adhesion or friction in your description. 
3. You have a block that needs to slide on a table. Read each situation below and identify the factor that is being exemplified. Indicate if the block will slide or not slide.

	Example
	Factor
	Slide well or not?

	Table is a wooden picnic table built using rough lumber. 
	
	

	Oil is spilled on top of the table.
	
	

	A marble table top is used.
	
	

	Sand paper is stuck on the bottom of the box.
	
	

	Heavy materials are placed in the box before it is put on the table.
	
	


4. a)  Write the value of each of the resistors below.
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R1:
R2:
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Red  Orange  Yellow  Gold
Yellow  Red  Orange  Gold

b) If subjected to the same voltage, which of these two resistors will allow more current to pass through it? Explain your answer.

5. Helmets are mandatory not only in football; they are also required in ice hockey. One of the differences between football helmets and hockey helmets lies in their wire face masks. The masks on hockey helmets can usually be raised, but not the masks on football helmets.

Given that the mask is usually attached to the hockey helmet with two screws and two nuts, what are the characteristics of this link? Explain each characteristic.
6. Safety bolts like the one illustrated below are used to lock doors. Decribe the characteristics of the link. Identify the degrees of freedom of the bolt. 



Bolt
Housing


7. In a company that manufactures resistors, a technician samples one out of every 1 000 for quality control. Using an accurate ohmmeter, he measures the resistance of each sample, and if the resistance is acceptable, production continues. If any reading is outside the acceptable limits, the production manager must be notified immediately.


Suppose the technician obtains a reading of 210 750 ( on the ohmmeter for a resistor whose value should be 23 ( 104 ±5% (. What will he do? Explain your answer.

8.    Read page 474 of your text for the next question.

Placed within a battery/lamp circuit, a diode is illustrated in each circuit. 
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Why does the lamp glow in the circuit on the left (pretend it glows even if you cannot tell from a paper copy) BUT not for the circuit on the right? 
Label the current flow in each circuit above. Notice the arrow direction on the diode.
9. A friend of yours has just injured their leg. In the icy conditions walking with crutches is not an easy task. Suggest some things that you could do to the crutch to modify it so that your friend will not fall on the ice.
10. You need to design a series circuit using a push-button switch. You must draw the circuit first with the switch “closed” and then secondly with the switch “open”. Indicate when the light bulb is lit depending on the switch position. There needs to be a battery, a light bulb, a resistor and the switch.  

Assignment #15: Mechanical and Electrical Engineering  ANSWER KEY
INSTRUCTIONS: USE THE NOTES ON YOUR MECHANICAL AND ELECTRONIC ENGINEERING HANDOUTS TO COMPLETE THESE QUESTIONS.


1.  A gecko has toe hairs that allow this tiny lizard to scamper along vertical 
surfaces and ceilings. Scientists have been working to try and synthetically                           produce the same material to be used in bandages that will continue to stick                       even when wet as well as other applications. 

"With friction only, a gecko would fall from a wall or ceiling. With directional                     adhesion, a gecko can stop itself from falling." Explain what this means using               the terms adhesion and friction. 
Friction means it is the force that resists slipping. Normally there is no friction between the wall surface and the bottom of the feet of an animal because the force of gravity pulling it down is higher then the force of friction.

Adhesion allows the surfaces of the gecko’s toes to adhere to the wall surface because there is a type of material on the gecko that provides good adhesion. There is something in the surface of a gecko which makes a very good natural adhesion to walls. Scientists are trying to figure out the nature of their toes so they can replicate the material for other applications like band-aids. 

2. When trying to push a heavy box along a flat surface, considerable force is needed. When trying to push the same heavy box that now has four wheels along the same surface, it takes less force. Explain why the second box is easier to push and refer to adhesion or friction in your description. 

It is easier to overcome the downward force acting on a box when there are wheels underneath the box. The wheels reduce the friction that is resisting the slipping of the box so that it takes less effort to push. 

3. You have a block that needs to slide on a table. Read each situation below and identify the factor that is being exemplified. Indicate if the block will slide or not slide.

	Example
	Factor
	Slide well or not?

	Table is a wooden picnic table built using rough lumber. 
	State of the surfaces
	No, rough surface.

	Oil is spilled on top of the table.
	Presence of lubricant
	Yes, less friction.

	A marble table top is used.
	State of the surface
	Yes, because it is smooth.

	Sand paper is stuck on the bottom of the box.
	Nature of the surfaces
	No, rough surface.

	Heavy materials are placed in the box before it is put on the table.
	Perpendicular force
	No, adhesion is increased with increased force. 


4. a)  Write the value of each of the resistors below.


R1:
R2:



Red  Orange  Yellow  Gold
Yellow  Red  Orange  Gold

                23 x 104 +/- 5% =  230 000 Ω +-5%                          42 x 103  +/- 5% =  42 000 Ω +-5%
b) If subjected to the same voltage, which of these two resistors will allow more current to pass through it? Explain your answer.

Since I = V/R; the resistor that allows more current to flow will be the one with the lower resistance which is the second one. 
5. Helmets are mandatory not only in football; they are also required in ice hockey. One of the differences between football helmets and hockey helmets lies in their wire face masks. The masks on hockey helmets can usually be raised, but not the masks on football helmets.

Given that the mask is usually attached to the hockey helmet with two screws and two nuts, what are the characteristics of this link? Explain each characteristic.

Indirect (link required), rigid (not flexible during usage), partial (mask moves independently), removable (screws can allow it to be removed or replaced).
6. Safety bolts like the one illustrated below are used to lock doors. Decribe the characteristics of the link. Identify the degrees of freedom of the bolt. 



Bolt
Housing


	

	

	

	

	Partial, because the bolt moves independently of the housing.



	

	

	

	


7. In a company that manufactures resistors, a technician samples one out of every 1 000 for quality control. Using an accurate ohmmeter, he measures the resistance of each sample, and if the resistance is acceptable, production continues. If any reading is outside the acceptable limits, the production manager must be notified immediately.


Suppose the technician obtains a reading of 210 750 ( on the ohmmeter for a resistor whose value should be 23 ( 104 ±5% (. What will he do? Explain your answer.

The technician will notify the production manager because the value of the sample resistor is lower than the minimum acceptable value for its tolerance.

Five percent of 230 000 ( equals 11 500 (. 

The minimum acceptable value is: 230 000 ( – 11 500 ( = 218 500 (.

The measured value of 210 750 ( is therefore lower than the acceptable value.
8.    Read page 474 of your text for the next question. 
Placed within a battery/lamp circuit, a diode is illustrated in each circuit. 
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Why does the lamp glow in the circuit on the left (pretend it glows even if you cannot tell from a paper copy) BUT not for the circuit on the right? 

The lamp on the right cannot glow because the diode is placed in the opposite direction.
Label the current flow in each circuit above. Notice the arrow direction on the diode.

9. A friend of yours has just injured their leg. In the icy conditions walking with crutches is not an easy task. Suggest some things that you could do to the crutch to modify it so that your friend will not fall on the ice.

You could put something on the surface of the crutch to make it rough and then it would provide a better adhesion for the crutch on the ice rather then the current surface. 
10. You need to design a series circuit using a push-button switch. You must draw the circuit first with the switch “closed” and then secondly with the switch “open”. Indicate when the light bulb is lit depending on the switch position. There needs to be a battery, a light bulb, a resistor and the switch.  
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Direct, because there is no linking component between the bolt and the housing.





Rigid, because the surfaces of the parts cannot be deformed.











Non-removable, because it is impossible to separate the bolt from the housing without damaging one of the two parts.








The bolt has two degrees of freedom because it can move from left to right (translational motion) and from top to bottom (rotational motion).








	7
	19 December 2012



