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[bookmark: _Toc162517526]Electrostatics in the clouds
Prior to
Look at the photo of the storm cloud:
[image: http://bin.ilsemedia.nl/m/m1fy4i9wu4at_3.jpg]
Clouds of ice-crystals









Clouds of water vapour






In this module we look for an answer to the question "Why does this thundercloud have such a typical “anvil” shape?"
Watch Video 1.     https://youtu.be/FiLTLAJpAFQ 
1. What’s the difference between a “space” and a field?
[image: http://nifarriersupplies.co.uk/images/products/fortheforge/SwanAnvil.jpg]. . . . . . . . . . . . . . . . . . . .

2. Is every object sensitive to a magnetic field? 
. . . . . . . . . . . . . . . . . . . .Anvil


3. Can an electric field exist without you noticing it?
. . . . . . . . . . . . . . . . . . . .
4. There is a gravitational field around the Earth. How do you know that?
. . . . . . . . . . . . . . . . . . . .

5. Indicate with an arrow t[image: Draagkracht aarde vandaag overschreden - Down To Earth Magazine]he direction of the force that the Earth exerts on the moon.










[bookmark: _Toc162517527]Fields en field strength
Experiment E1: Electric field wins over the gravitational field.

Materials: Shredded paper and a plastic straw.

6. Now show an example with an experiment in which the electric force wins over gravity. Explain how you did the test and whether it was successful:




The closer to a charged object, the GREATER/SMALLER the electrical force.
7. Now rub two exactly the same straws against hair, cloth or paper, and investigate whether they exert a force on each other. Tip: Place one straw so that it can rotate slightly. Write your observations below:




[bookmark: _Toc162517528]Tension and charge

Watch video 2.      https://youtu.be/V1ICMEA2wwM 
8. Complete the table below:
	Charge of object A
	Charge of object B
	Is the effect of the force attractive or repulsive?


	+
	+
	

	+
	-
	

	-
	+
	

	-
	-
	repellent




In a thundercloud, charge separation occurs due to the action of forces between rising particles and falling particles. Thunderstorm formation - Thunderstorm - Wikipedia
[image: Afbeelding met tekst, kaart, schermopname

Automatisch gegenereerde beschrijving]
Electrons are shed from the ascending lighter particles and collect on the descending heavier particles. Electrons have a negative charge, which is why a thundercloud has a negatively charged base. The lighter (ice) crystals that lack electrons are found at the top. In this way, the top of the cloud actually acquires a positive charge. As a result, the magnitude of the opposite charges increases more and more. So more and more force then acts on the charges. This creates tension. You could say that “tension is a force that doesn’t act yet.”
You can compare it to a string that you pull harder and harder on both sides. The force between the particles continues to increase, but nothing happens yet. The string is under tension.

9. Explain what happens to “the tension” between the cloud and the ground as more and more charge is added.





10. After a while, the amount of charge on a straw or screw decreases and you have to rub the straw again. Explain where the charge of the straw remains if you do nothing for a while





Watch the following video (or demo):
https://www.youtube.com/watch?v=QIrMgOKSPVQ
11. By rotating, more and more charge is deposited on both spheres. The tension between the spheres then increases. Explain what happens when a spark occurs.




12. Explain why it takes a while for another spark to occur.







13. Here you see a picture where more and more+ +
+ +

batteries are lined up. 
You see the charges indicated at the poles.
Now draw the correct number yourself of
pluses and minuses with the three batteries+ +

that are lined up.
Explain that the tension between the extremes of the
supply is increasing

- - +
- - +
- - +





According to the particle model, all substances are made up of particles. These particles are made up of even smaller positively and negatively charged particles. Because there are exactly the same number of negative and positive particles in a substance, they cancel out the charges of each other and we call the substance neutral. 
Rubbing a straw with a piece of cotton wool makes the straw negatively charged.
14. Can you name a substance property that changed when the straw was rubbed so that it acquired an electric charge?
Yes /  No  because  . . . . . . . . . . . . . . . . . . .

15. Draw a conclusion about whether  there are changes in the molecules of the straw:




16. Determine whether a positive or negative charge has been transferred from the cloth to the straw. And come up with an experiment to show what charge the piece of cotton wool has. (try it out)






17. You have two pieces of cotton wool that you have rubbed against a straw. Explain whether they attract or repel each other:





[bookmark: _Toc162517529]Charges and force
Watch  video 3.     https://youtu.be/3lKy--vhmqU
 
The screw was unloaded. However he is attracted to the negatively charged straw.
18. Draw the charge distribution on the screw below by adding pluses and minuses.
-
-

-








19. Explain how it is possible that a resulting force can act on the screw if you consider that the forces become smaller as the distance increases



20. Explain that the screw is repelled after touching it with the straw. Use the concepts of charge 
and electric force in your argumentation.





21. As the straw becomes more charged, more and more charge comes to the tip of the screw. Is this charge + or -? Explain:





So the “field strength” increases when there is more charge on the straw. We also say that the tension between the straw and the screw is increasing.
When a conducting object is in an electric field, a force acts on all charged particles in the object. In some objects such as a screw, the charged negative particles can start to “flow”. They then start moving away from the negative load.

Now try to perform the test shown in video 3 yourself.
Examine the difference in force between the screw and the straw in the following two situations:
1. You first remove the straw and then your finger
2. You first remove your finger while the straw is still nearby and then remove the straw

22. Make a prediction before you start the experiments and discuss it with someone




23. Write down your observations:






24. Provide an explanation: By drawing the charge distribution on the screw for the 3 situations below.

Before touching
-
-
-






While touching
-
-
-











-
-
-


After touching and removing finger
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Watch video 4   	 https://youtu.be/RKvwLT7RwXc 
25. Why is it that the semolina grains or papers move back and forth less and less quickly?





Below, draw the charge distribution on the piece of paper and the table with 6 plus signs and 6 minus signs:
-
-
-
-
-
-








26. Explain that the paper is pulled to the straw (TIP: see question 6)




We call the piece of paper a “charge carrier”. It can carry both positive and negative charges.
27. What charge does he take with him when he moves from the table towards the negative charge on the straw: POSITIVE/NEGATIVE (circle the correct answer)
28. What charge does he take with him when he moves from the straw to the table: POSITIVE/NEGATIVE (circle the correct answer)
At the moment when the piece of paper carries a charge, a current flows. We define: The current always flows from plus to minus.
Remember: Because a negative charge goes in the opposite direction, it has the same effect as a positive charge.
29. So negative charge carriers flow AGAINST THE DIRECTION OF THE CURRENT / WITH THE DIRECTION OF THE CURRENT (circle the correct answer) and positive charge carriers flow AGAINST THE DIRECTION OF THE CURRENT / WITH THE DIRECTION OF THE CURRENT (circle the correct answer)
Answer to the research question on page 1
The positively charged ice crystals collect at the top of the cloud. These have equal charges and therefore repel each other. They can't go any higher, because they collide with the thin air of the stratosphere. As a result, they spread along the upper boundary of the atmosphere. This creates the typical shape of the cloud. 


Electrical circuits

[bookmark: _Toc162517531]1. Turn on the light. (The circuit)

To turn on the lights. How often do we do it? But what actually happens? 
31. Look at figure 1, take these materials out of the box and leave the light on.
32. In the rectangle below, draw a schematic diagram of what your circuit looked like when the light was on:1

[image: Afbeelding met vies

Automatisch gegenereerde beschrijving]

33. Place the + and - on the battery in the picture above and indicate the direction of the current in your drawing with arrows.
34. Using a model of colliding electrons, explain why the wire in the light bulb glows and the wires leading to it do not?




35. What flows in the wire? Which “load carriers”? . . . . . . . . . . . . . . . . . . .
36. Now draw the circuit from question 32 in the rectangle below in the correct symbols 





[bookmark: _Toc162517532]2. Increasing the Voltage (When does voltage cause a current?)

37. Below you see 6 pictures. Make 2 rows of 3 numbers that belong together:

• Numbers: . . . , . . . and     . . . , because . . . . . . . . . . . . . . . . . . .

• Numbers: . . . , . . . and     . . . , because . . . . . . . . . . . . . . . . . . .

[image: De ballon van opblazen stock foto. Image of mond, ogen - 2939692]2
3
1
vullen

[image: Elektriseermachine van Wimshurst - Van-de-Graaff-generator]




4
legen



[image: Afbeelding met schermopname, tekst, Multimediasoftware, software

Automatisch gegenereerde beschrijving][image: Ballon leeg laten lopen zonder knal gratis stereo geluidseffect HQ 96kHz]6
5







38. What causes the pressure in the balloon to increase during inflation?
. . . . . . . . . . . . . . . . . . .
39. The air flows out through the opening, but flows less and less quickly as the balloon continues to deflate. Draw a conclusion about the relationship between pressure and flow:
Current is the result of . . . . . . . . . . . . . . . . . . . . . . . . . . . and as the tension decreases, the
Current  . . . . . . . . . . . . . . . . . . .
40. Watch video 5    https://youtu.be/b8L-09RHujU   
[image: Afbeelding met tekst, schermopname, software, Multimediasoftware

Automatisch gegenereerde beschrijving]This balloon seems empty, yet it seems to be getting fuller. How is that possible?5







41. The balloon will therefore deflate if the pressure within . . . . . . . . . . . . . . . . . . . . the air pressure inside the balloon.
42. Explain why no current will flow in the circuit on the right. 





Watch video 6. https://youtu.be/IIil-8CUjPs

43. With a lot of voltage, electricity will produce a spark. What will happen to the balloon if a lot of tension is applied to it? Use the terms voltage and current in your explanation. 
[image: Afbeelding met schermopname, tekst, Multimediasoftware, software

Automatisch gegenereerde beschrijving]











Watch video 7       https://youtu.be/zoKZj3b9aXk	

[image: Afbeelding met verbruiksartikelen voor kantoor, pen, gereedschap, Kantoorinstrument

Automatisch gegenereerde beschrijving]44. Take the items from fig. 7 and connect the light to 1.5 Volt, 3.0 Volt, 4.5 Volt and 6.0 V. write down your observations7







Below in fig 7a you see three drawings of a dam and 3 drawings of two charged spheres. Indicate the direction of the current in all pictures.
45. Use connecting lines between a picture in the top row and a picture in the bottom row to indicate which dam picture belongs to which ball picture
	7a

	
	

	
++
_ _





	++
++

	++
+




 

The symbol for electric voltage is U and the corresponding unit is Volt (V)
46. ​​The voltage supplied by a battery from your box is . . . . . . . . . . . . . . . . . . . .

A high-voltage cable often carries 380,000 V!

47. Calculate how many batteries you would have to place in a row to achieve the mentioned high voltage:
. . . . . . . . . . . . . . . . . . .


[bookmark: _Toc162517533]3. Passing and stopping current (Conductors and insulators)

[image: Afbeelding met kabel

Automatisch gegenereerde beschrijving]48. View a jumper wire. (See photo 8) Foto 8


a. What materials is this thread made with?

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

b. Explain which substance allows current to pass through and which does not:




[image: Afbeelding met object

Beschrijving is gegenereerd met hoge betrouwbaarheid]49. Please note that an LED normally has a short and a long leg.Figuur  9

Make the circuit in figure 9. Make sure that you connect the red wire to the side where the resistor is soldered. Or to the long leg of the LED. 
Investigate whether the LED is on and when it is not. Changing the poles.


Well:  . . . . . . . . . . . . . . . . 

Not: . . . . . . . . . . . . . . . . 

This “light” is an LED (Light Emitting Diode). A diode only allows current to flow in one direction.

50. Now use this circuit to investigate which substances allow the electric current to pass through and which do not and collect the results in the table below. (crosses in the correct column)

	Type of substance
	Conductor (allows current to pass through)
	Insulator (retains current)
	Doubtful case

	Wood
	
	
	

	Plastic
	
	
	

	Glass
	
	
	

	Rubber
	
	
	

	Iron
	
	
	

	Gold
	
	
	

	Tap water
	
	
	

	Salt water
	
	
	

	Demi water
	
	
	

	……………
	
	
	

	
	
	
	






[bookmark: _Toc162517534]4. Connecting wires (Breadboard)

You've probably plugged in a wall socket before. If you don't do that, the device won't work. You may have also experienced a device not working because there was a break somewhere in the conductive inner wire.
[image: Afbeelding met kabel, verbruiksartikelen voor kantoor, Elektrische bedrading, elektronica

Automatisch gegenereerde beschrijving]You also need to pay attention to a number of things with the power supply to prevent the current from flowing properly:
• Is the plate to which the red + wire is attached facing the copper towards the batteries?
• Is the spring on the - side still tight enough?Figuur 10

• Are the batteries installed correctly? All four with – pole downwards towards the paper clip
In fig 10 you see a “breadboard”. You can poke wires into the small square holes. There are clamps behind the holes.

51. Examine whether the clamps are positioned according to method A (see below) or according to method B. Use the circuit in the photo. Make a choice and explain your choice.





[image: IMG_5512.JPG]
B
A


[bookmark: _Toc162517535]5. Monitoring current with light (LDR and charge carriers)

Watch video 8       https://youtu.be/5QZqMU9KO8g
52. Now and explain how this dimmer works.

. . . . . . . . . . . . . . . . . . .

Look at fig 11. The tube contains (salt) water. Salt water contains no loose electrons, but positively charged sodium particles and negatively charged chlorine particles. Below you see a schematic drawing of the tube.
53. Indicate in the drawing with arrows in which direction the + and - particles will move.
Figuur 11

+-
-
+
+
-
-
+
-
+


-











54. The particles flow in opposite directions, yet the current always runs from plus to minus. Explain how this is possible and use the concepts of charge and charge carrier:




[image: Afbeelding met Elektrische bedrading, kabel, Elektronische engineering, elektronica

Automatisch gegenereerde beschrijving]Make the circuit in fig 12 and investigate what happens when more or less light falls on the LDR.
55. Complete the line below:Figuur 12

If more light falls on the LDR, there will appear more 

 . . . . . . . . . . . . . . . . . . . .  

You can make the flow stop during both the test with the tube and the test with the LDR by blocking the charge carriers.

56. Indicate which statement is true or false:
I. By removing the salt water from the tube you stop the current because there are no more charge carriers. 										g/f
II. By closing the tube you stop the flow because there are no longer any charge carriers. 	g/f
III. By shining light on the LDR, more charge carriers enter the LDR. 				g/f
IV. Shining light on the LDR is most similar to putting salt water in the tube. 			g/f



[bookmark: _Toc162517536]6. Circuit without branches (Series connection)

[image: Afbeelding met muur

Automatisch gegenereerde beschrijving]57. Look at Fig. 13 and explain which charge carriers in this circuit ensure charge transport:Figuur 13










58. Build the circuit of fig 13 and draw the circuit in the correct symbols below:







59. Build the circuit in fig 14 and explain what you observe when you remove a light.
[image: Afbeelding met kabel, Elektrische bedrading, elektronica, Elektronische engineering

Automatisch gegenereerde beschrijving]





Figuur 14



[bookmark: _Toc162517537]7. Circuit with branches (Parallel circuits)

[image: Afbeelding met binnen, wit

Automatisch gegenereerde beschrijving]Figuur 15

60. Build the circuit of fig 15.
• explain what you observe:
-when you remove a light
• compare how brightly the lights burned in the previous test. Explain the difference.







[image: Afbeelding met elektronica, kabel, Elektrische bedrading, Elektronische engineering

Automatisch gegenereerde beschrijving]61. Build the circuit 16 and explain what you observe when you press the switch



Figuur 16










[bookmark: _Toc162517538]8. Preventing fire (fuses)

Build the circuit in figure 17. (There is also an enlarged version of the picture in the videos folder)

[image: Afbeelding met diagram, lijn, Graphics, tekening

Automatisch gegenereerde beschrijving][image: Afbeelding met kabel, Elektrische bedrading, verbruiksartikelen voor kantoor, gereedschap

Automatisch gegenereerde beschrijving]Schematically the circuit looks like this: Figuur  17

Connecting this 2 wires you make a short cut
Steel wool



62. First switch on only the top light and touch a steel wire with the jumper wire. Check whether the light comes on. Now switch on a second light and touch a thin steel wool wire and explain what you observe:




63. Now create a short circuit by connecting a wire to the location of the second light. And investigate what happens when you touch the steel wool with the jumper wire.






View the photo: The smoking track are high-voltage cables! Also open the video: 
Blauwe vonken in Dronten door gebroken hoogspanningskabel | NU.nl


[image: Afbeelding met lucht, buiten, berg, natuur

Automatisch gegenereerde beschrijving]

64. What are fuses for?





65. Where are the fuses in your house?






[bookmark: _Toc162517539]9. Investigating circuits (extra)

[image: Afbeelding met muur, binnen

Automatisch gegenereerde beschrijving]Figuur 18









66. Build a circuit above. The LED glows if it is 
dark and turns off when you hold the LDR in bright sunlight. And explain how it works.
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