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Foreword  

The purpose of this manual is to provide teachers with subject knowledge, content simplification, teaching skills and tips and integration of technology (ICT skills) in the classroom.

This manual focusses on the following topics:

· Module 1: Newtons laws

                 Newtons 1st, 2nd, gravitational law of motion and Newtons 2nd law

· Module 2: Electrostatics

· Module 3: Electric circuits

· Module 4 : Electrochemical cells 

                 Galvanic cells, Electrolytic cells

NEWTONS LAWS
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Note the following concerns from the 2018 diagnostic report 

Common errors and misconceptions

(a) Candidates omitted key words in their definition, e.g. ‘at rest’ or ‘constant velocity’,

‘net’ force. They also mixed their definitions by defining the second or third law

instead of the first law.

(b) Many candidates used incorrect labels for their forces, omitting arrows and drawing

force diagrams instead of free-body diagrams.

(c) Many candidates omitted units in the final answer.

(d) Many candidates failed to convert km to m before substituting in the correct formula

and did not square the radius.

Suggestions for improvement

(a) Teachers should stick to and emphasise the definitions in the Examination Guidelines.
(b) The importance of drawing free-body diagrams correctly and their usefulness in

problem solving must be emphasised.

(c) Similarities and differences between related formulae should be highlighted, referring

to the different contexts where each law can or cannot be used.

Newton’s 1st law
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  10 minutes

The examination guidelines
Newton's first law 
• State Newton's first law: A body will remain in its state of motion (at rest or moving at constant velocity) until a net force acts on it. 

• Discuss why it is important to wear seatbelts using Newton's first law. 
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Newton’s first law states that: An object continues in a state of rest or uniform (moving with constant) velocity unless it is acted upon by an unbalanced (net or resultant) force.

There are two clauses or parts that explain Newtons 1st law - one that predicts the behavior of stationary objects and the other that predicts the behavior of moving objects. 

· A stationary object wants to continue resting, a moving object wants to continue moving at the same velocity, towards the same direction.

Inertia as the property of a body to resist any change in its state of motion or rest.

· When you are in a moving car, you can feel the effects of your own inertia. If the car accelerates forward, you feel as if your body is being pushed back against the seat, because your body resists the increase in speed. If the car turns a corner, you feel as if your body is being pushed against the door, because your body resists the change in the direction of motion. If the car stops suddenly, you feel as if your body is being pushed forward, because your body resists the decrease in speed.
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The important to wear seatbelts using Newton's first law. 
· When a car is involved in a head-on collision, the motorist continues to move forward. When a seat belt is worn properly, the forward motion of a motorist is safely restricted. If a head-on collision is violent enough, sodium azide undergoes a rapid chemical reaction to produce non-toxic nitrogen gas, which inflates an airbag. The inflated airbag provides a protective cushion to slow down the head and body of a motorist (Figure 1.2).
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In a moving car, when a car driver suddenly applies brakes, the force of the road on the locked wheels provides the unbalanced force to change the car's state of motion, yet there is no unbalanced force to change your own state of motion. Thus, you continue in motion, sliding along the seat in forward motion. A person in motion stays in motion with the same speed and in the same direction, unless acted upon by the unbalanced force of a seat belt. 
Yes! Seat belts are used to provide safety for passengers whose motion is governed by Newton's laws. 
The seat belt provides the unbalanced force that brings you from a state of motion to a state of rest. 

Animation: Seatbelt animation and The truck and the car animation

Explanation of the seatbelt animation
· According to Newton's first law, an object in motion continues in motion with the same speed and in the same direction unless acted upon by an unbalanced force. It is the natural tendency of objects to keep on doing what they're doing. All objects resist changes in their state of motion. In the absence of an unbalanced force, an object in motion will maintain its state of motion. This is often called the law of inertia.
· The law of inertia is most commonly experienced when riding in cars and trucks. In fact, the tendency of moving objects to continue in motion is a common cause of a variety of transportation injuries - of both small and large magnitudes. Consider for instance the unfortunate collision of a car with a wall. Upon contact with the wall, an unbalanced force acts upon the car to abruptly decelerate it to rest. Any passengers in the car will also be decelerated to rest if they are strapped to the car by seat belts. Being strapped tightly to the car, the passengers share the same state of motion as the car. As the car accelerates, the passengers accelerate with it; as the car decelerates, the passengers decelerate with it; and as the car maintains a constant speed, the passengers maintain a constant speed as well.

But what would happen if the passengers were not wearing the seat belt? What motion would the passengers undergo if they failed to use their seat belts and the car were brought to a sudden and abrupt halt by a collision with a wall? Were this scenario to occur, the passengers would no longer share the same state of motion as the car. The use of the seat belt assures that the forces necessary for accelerated and decelerated motion exist. Yet, if the seat belt is not used, the passengers are more likely to maintain its state of motion. If the car were to abruptly stop and the seat belts were not being worn, then the passengers in motion would continue in motion. Assuming a negligible amount of friction between the passengers and the seats, the passengers would likely be propelled from the car and be hurled into the air. Once they leave the car, the passengers becomes projectiles and continue in projectile-like motion.

Now perhaps you will be convince of the need to wear your seat belt. Remember it's the law - the law of inertia.

Animation on road accidents:
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Practice group activity 1

Use Newton’s first law to explain why…

(a) Steel barriers usually separate the cab of a truck from the load 

(b) Trucks carrying tall loads navigate corners slowly, and

(c) Customers who order take-out drinks are provided with lids.

(d) Give two examples, other than those in the text, that illustrate the property of inertia 

      for both a stationary and a moving object.

(e) Apply Newton’s first law and the concept of inertia to explain how could you remove 

     the newspaper without toppling the plastic beaker as shown in the diagram below:
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While moving at constant speed on a level, snowy surface, a snowmobiler throws a ball vertically upward. If the snowmobile continues moving at constant velocity, the ball returns to the driver. Why does the ball land ahead of the driver if the snowmobile

stops? Assume that the air resistance acting on the ball is negligible.
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NEWTONS 3RD LAW
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 Examination guidelines

State Newton's third law: When one body exerts a force on a second body, the second body exerts a force of equal magnitude in the opposite direction on the first body. 

• Identify action-reaction pairs. 

• List the properties of action-reaction pairs. 
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Newtons 3rd law of motion

Newton’s first two laws describe the motion of an object or a system of objects in isolation. But to describe the motion of objects that are interacting, it is important to examine how the force exerted by one object on another results in a change of motion for both objects.

When two objects interact, two forces will always be involved. One force is the action force and the other is the reaction force. The important points to remember are that the reaction force always acts on a different object than the action force, and that the reaction force acts in the opposite direction.

Newton found that the reaction force is equal in magnitude to the action force, but opposite in direction. This relationship is called Newton’s third law of motion.

Newtons’ 3rd law of motion states that: When object A exerts a force on object B,

object B simultaneously exerts an oppositely directed force of equal magnitude on object A.
A force is always exerted by one object on another for example your chair pushes up (normal force) while, at the same time, you push down on the chair. This interaction is known as an action - reaction pair.
Properties of action-reaction pairs:

· Forces can only exist when there is an interaction between two objects.

· Forces always act in pair. 

·   They must act along the same line.

· They must arise from the same interaction (forces of the same kind).

· The action and reaction forces have the same magnitude.

· The action and reaction forces are opposite in direction to each other.

· The forces do not balance each other because they act on different objects. Forces only balance each other when they act on one object and add up to 0 N.

· Both forces come into existence at exactly the same time, and cease to exist at exactly the same time.

Identifying action reaction pairs

Example 1
Dineo is seated in the passenger seat of a car with the seat belt on. The car suddenly stops and he moves forwards (Newton’s first law - he continues in his state of motion) until the seat belt stops him. 

1.1
Name two action-reaction pairs.

1.2
Draw a labelled force diagram identifying the two action-reaction pairs in this situation.

[image: image19.png]



Solution:

Step 1: Identify the action-reaction pair.

Always you must identify the action-reaction pair even if the activity do not ask for it.

When you have to identify any action-reaction pair you must see the properties of action-reaction pair.

In this situation the action-reaction pairs are:

· The force of Dineo on the seat belt and the force of seat belt on Dineo.

· The force of Dineo on the seat and the force of the seat on Dineo.

Step 2: Draw the label force diagram.

Start by drawing the picture. You will be using vectors to indicate the forces so make your picture large enough so that detailed labels can also be added. The picture needs to be accurate, but not artistic! Use stick-men if you have to.

Take one pair at a time and label them carefully. If there is not enough space on the drawing, then use a key on the side.
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 the force of Dineo on the seat belt.
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 the force of the seat belt on Dineo.
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 the force of Dineo on the seat.
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 the force of the seat on Dineo.

Examples 2
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Example 3
When the swimmer exerts a force Ffeet on wall on the wall, she accelerates in the direction opposite to that of her push. This means the net external force on her is in the direction opposite to Ffeet on wall . This opposition occurs because, in accordance with Newton’s third law of motion, the wall exerts a force Fwall on feet on her, equal in magnitude but in the direction opposite to the one she exerts on it. 
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The action force is the backward force that the student exerts on the ground. The reaction force is the forward force that the ground exerts on the student. Only the action-reaction pair are shown here for simplicity.
Example 4
[image: image31.png]force exerted
by player on ball

force exerted
by ball on player

Fresin




At the instant that both the ball and the player’s arms are in contact, the action force is the upward force that the player exerts on the ball. The reaction force is the downward force that the ball exerts on the player’s arms. During the collision, the ball accelerates upward and the player’s arms accelerate downward
Action-Reaction Forces Acting on Objects Not in Contact
Sometimes an object can exert a force on another without actually touching the other object. This situation occurs when an object falls toward Earth’s surface, or when a magnet is brought close to an iron nail. Action-reaction forces still exist in these interactions. When an apple falls toward the ground, the action force is the force of gravity that Earth exerts on the apple. The falling apple, in turn, exerts a reaction force upward on Earth. So while the apple is accelerating down, Earth is accelerating up .
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You see the acceleration of the apple but not of Earth because the inertial mass of the apple is far less than that of Earth. In fact, Earth does accelerate but at a negligible rate because the magnitude of the acceleration is inversely proportional to mass.
Applying Newton’s Third Law to Situations Involving frictionless Surfaces
Example
Three boxes, A, B, and C, are positioned next to each other on a horizontal, frictionless

surface . An applied force acting on box A causes all the boxes to accelerate at  

1.5 m∙s-2 [right]. Calculate the force exerted by box C on box B.
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Given

mA  = 8.0 kg           mB = 10 kg     mC =5.kg
a = 1.5 m∙s-2 [right]
Required
force exerted by box C on box B (FC on B)
Analysis and Solution
Draw a free-body diagram for box C (Figure 3.60).
Box C is not accelerating up or down.
So in the vertical direction, Fnet =0 N.
Write equations to find the net force on box C in both the horizontal and vertical directions.
An applied force acts on box A, causing all three boxes to accelerate. Newton’s third law is used to calculate the force that box C exerts on box B.
horizontal direction                             vertical direction
Fneth  = FB on C                                                          Fnetv  = FN  +  Fg

Fneth  =  FB on C                                                            Fnetv  =  0
Calculations in the vertical direction are not required in this problem.

Apply Newton’s second law.
FB on C  = mCa

          = 5,0 (1,5)

         = 7,5 N to the right

Apply Newton’s third law.

FC on B  = -FB on C

          =  7.5 N [left]

What Does the Bathroom Scale Read in an Elevator?
The diagram below shows a 75.0-kg man (weight of about 165 lb) standing on a bathroom scale in an elevator. Calculate the scale reading: 
(a) if the elevator accelerates upward at a rate of 1.20 m∙s-2 
(b) if the elevator moves upward at a constant speed of 1 m∙s-1.
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Strategy

If the scale is accurate, its reading will equal Fp , the magnitude of the force the person exerts downward on it. 
(a) shows the numerous forces acting on the elevator, scale, and person. It makes this one-dimensional problem look much more formidable than if the person is chosen to be the system of interest and a free-body diagram is drawn as in (b).

 Analysis of the free-body diagram using Newton’s laws can produce answers to both parts (a) and (b) of this example, as well as some other questions that might arise. The only forces acting on the person are his weight w and the upward force of the scale Fs . According to Newton’s third law Fp and Fs are equal in magnitude and opposite in direction, so that we need to find Fs in order to find what the scale reads. We can do this, as usual, by applying Newton’s second law, Fnet = ma.
From the free-body diagram we see that Fnet = Fs − w , so that  
Fs − w = ma.

Solving for Fs gives an equation with only one unknown:

Fs = ma + w,
or, because w = mg , simply

Fs = ma + mg.
No assumptions were made about the acceleration, and so this solution should be valid for a variety of accelerations in addition to the ones in this exercise.

Solution for (a)
In this part of the problem, a = 1.20 m∙s-2, so that

Fs = (75.0)(1.20 ) + (75.0 )(9.80 )

 Fs = 825 N.
Discussion for (a)
This is about 185 lb. What would the scale have read if he were stationary? Since his acceleration would be zero, the force of the scale would be equal to his weight:
Fnet = ma = 0 = Fs − w 
Fs = w = mg

Fs = (75.0 )(9.80 )

Fs = 735 N.
So, the scale reading in the elevator is greater than his 735-N (165 lb) weight. This means that the scale is pushing up on the person with a force greater than his weight, as it must in order to accelerate him upward. Clearly, the greater the acceleration of the elevator, the greater the scale reading, consistent with what you feel in rapidly accelerating versus slowly accelerating elevators.
Solution for (b)
Now, what happens when the elevator reaches a constant upward velocity? Will the scale still read more than his weight?
 For any constant velocity—up, down, or stationary—acceleration is zero because 

a = [image: image36.png]at



Δ and Δv = 0 .
Thus,

Fs = ma + mg = 0 + mg. 
Now

Fs = (75.0 )(9.80 ),  which gives

Fs = 735 N.

Discussion for (b)
The scale reading is 735 N, which equals the person’s weight. This will be the case whenever the elevator has a  constant velocity—moving up, moving down, or stationary. The solution to the previous example also applies to an elevator accelerating downward, as mentioned. When an elevator accelerates downward, a is negative, and the scale reading is less than the weight of the person, until a constant downward velocity is reached, at which time the scale reading again becomes equal to the person’s weight. If the elevator is in free-fall and accelerating downward at g , then the scale reading will be zero and the person will appear to be weightless.
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1. To minimize the environmental impact of building a road through a forest, a logger uses a team of  horses to drag two logs, A and B, from the cutting location to a nearby road. A light chain connects log A with a mass of 150 kg to the horses’ harness. Log B with a mass of 250 kg is connected to log A by another light chain.
(a) The horses can pull with a combined force of 2600 N. The ground exerts a force of 

      friction of magnitude 2400 N on the logs. Calculate the acceleration of the logs.

(b) If the force of friction on log A is 900 N, calculate the force exerted by log B on log A.

Answer

1. (a) 0.500 m∙s-1 [forward]

(b) 1.63 [image: image39.png]


 10-13N [backward]

NEWTON'S LAW OF UNIVERSAL GRAVITATION 
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Examination guidelines
• State Newton's Law of Universal Gravitation: Each body in the universe attracts every other body with a force that is directly proportional to the product of their masses and inversely proportional to the square of the distance between their centres. 

• Solve problems using 
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Describe weight as the gravitational force the Earth exerts on any object on or near its surface. 

• Calculate weight using the expression w = mg. 

• Calculate the weight of an object on other planets with different values of gravitational acceleration. 

• Distinguish between mass and weight. 

• Explain weightlessness
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 10 minutes

Gravity affects all masses in the universe. No matter where you are on Earth or in outer space, you exert a gravitational force on an object and an object exerts a gravitational force, of equal magnitude but opposite direction, on you. Because gravitational force acts over any distance, the range of its effect is infinite. Near Earth’s surface, the magnitude of the gravitational force exerted by Earth (object A) on object B is given by the equation FA on B = mBg. But object B also exerts a gravitational force of equal magnitude on Earth, FB on A =mAg.
The diagram below shows the magnitude of the gravitational force acting on an object at Earth’s surface (r Earth), one Earth radius above Earth (2 rEarth), and two Earth radii above Earth (3r Earth).
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So, just as g [image: image46.png]A



 , Fg is inversely proportional to the square of the separation

distance  Fg [image: image48.png]A




Each body in the universe attracts every other body with a force that is directly proportional to the product of their masses and inversely proportional to the square of the distance between their centres

If  mA and mB are the masses of the two bodies, r is the separation distance between the centres of both objects, and G is a constant called the universal gravitational constant.
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The relationship between the force and the masses and between the force and the distance.

The force is directly proportional to the product of the masses  [image: image51.png]F o mym,



 so we can deduce that if:

· [image: image53.png]


 or [image: image55.png]


 is double then the force [image: image57.png]


 is double.

· [image: image59.png]


 and [image: image61.png]


 are double then the force [image: image63.png]


 is four times greater.

· [image: image65.png]


 or [image: image67.png]


 is halved then the force  [image: image69.png]


 is halved.

· [image: image71.png]


 and [image: image73.png]


 are halved then the force [image: image75.png]


 is four times smaller.

Force is inversely proportional to the square of the distance ([image: image77.png]


) so we can deduce that if:

· [image: image79.png]


 is double then the force [image: image81.png]


 is four time smaller.

· [image: image83.png]


 is triple then the  force [image: image85.png]


 is nine time smaller.

· [image: image87.png]


 is halved then the force [image: image89.png]


 is four time greater.

· [image: image91.png]


 three time smaller then the force [image: image93.png]


 is nine time greater.
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 2 minutes

Two identical stationary baseballs are separated by a distance r. What will happen to the magnitude of the gravitational force acting on either ball if…
(a) the mass of each ball doubles?

(b) r is halved?

(c) the mass of each ball is halved and r doubles?
Calculations using Fg = [image: image98.png]Ems my
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Where:
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, is the gravitational force between the point in newtons (N).
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and [image: image105.png]


 are the masses of the two objects in kilograms (kg).
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is the distance between the objects (for big masses we use the distance between the centre of the object) is metre (m).
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 is the gravitational constant equal to [image: image111.png]6,67 X 107N -m* - kg™



.

G has the same numerical value for all objects.
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When we solve problems using Newton's Law of Universal Gravitation, first is important to know that these forces are attractive forces. The force with which object 1 act on object 2 is equal in magnitude to the force with which object 2 act on object 1 and opposite in direction , so we are taking about an action-reaction pair. If we look at the following figure we can see that the vectors are equal in size but opposite in direction.
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Example 1: (Exercise 1 page 111, grade 11, Siyavula book) Adapted.

When the planet Jupiter is closest to Earth it is [image: image114.png]6,28 X 10°%km



 away. If Jupiter has a mass of [image: image116.png]kg
10°

X

19



 and the mass of the Earth is [image: image118.png]598 X 10**kg



, what is the magnitude of the gravitational force between Jupiter and the Earth?

Solution:

Step 1: Read the problem.

Step 2: Analyse the problem.

We must take all the information given, analyse the units and see what we have been asked for:

Data:

[image: image120.png]d = 6,28 X 10%km



 
This is the distance between the centre of the Earth and the centre 
of Jupiter in km we must convert to m.


[image: image122.png]d= 628X 10"m





[image: image124.png]19 X 10* kg




  The mass of Jupiter.


[image: image126.png]mg = 598 X 10%*kg



 The mass of the Earth.
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Step 3: Calculate the force.
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NEWTONS’ 2ND LAW OF MOTION
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The examination guidelines

State Newton's second law: When a net force acts on an object, the object will accelerate in the direction of the force and the acceleration is directly proportional to the force and inversely proportional to the mass of the object. 

• Draw force diagrams and free-body diagrams for objects that are in equilibrium or accelerating.

• Apply Newton's laws to a variety of equilibrium and non-equilibrium problems including: 

o A single object: 

- Moving on a horizontal plane with or without friction 

- Moving on an inclined plane with and without friction 

- Moving in the vertical plane (lifts, rockets, etc.) 

o Two-body systems (joined by a light inextensible string): 

- Both on a flat horizontal plane with and without friction 

- One on a horizontal plane with and without friction, and a second hanging vertically from a string over a frictionless pulley 

- Both on an inclined plane with or without friction 

- Both hanging vertically from a string over a frictionless pulley

Revise calculations on a single object just to lay a foundation for the two body system
A single object: 

- Moving on a horizontal plane with or without friction 

- Moving on an inclined plane with and without friction 

- Moving in the vertical plane (lifts, rockets, etc.) 

1. One object on a horizontal plane
Example 1
A 10 kg box is placed on a table. A horizontal force of magnitude 32 N is applied to the box. A frictional force of magnitude 7 N is present between the surface and the box.

1.1 Draw a force diagram indicating all of the forces acting on the box.

1.2
Calculate the acceleration of the box.

1.3
Calculate the normal force.

[image: image137.png]friction = 7 N 32N
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Problem solving strategies
Step 1: Read the problem.


In this problem we don't need to sketch the problem because it is already done.

Step 2: Draw a force diagram

.[image: image138.png]



Step 3: Draw a free-body diagram on the Cartesian plane.

We will select left as positive. It is convenient to select direction of motion as positive direction. 



[image: image139]
Step 4: List all the given information and converted to SI units if necessary.


Data:


[image: image141.png]m = 10 kg





[image: image143.png]F, =32N



 to the left.
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 to the right.
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 downward


We are asking for:


(i) acceleration ([image: image149.png]




(ii) Normal force ([image: image151.png]=




All the units are in the SI units so we don't need to convert any one of the quantities.

Step 5: Determine which physical principle can solve the problem.

We can use Newton's second law to solve the problem.

Step 6: Use the principle to solve the question, often by substituting numerical values into an appropriate equation.

Remember that we consider the y- and x-directions separately. The box is moving in the x-direction so to calculate the acceleration we will use the x-axis and for the normal force we will use the y-axis because the normal force is in the y-direction.

(i)
x-axis

      [image: image153.png]


 
This is Newton's second law.


[image: image155.png]F,+F =md





We can now do the substitution and the calculations (remember we take left as 
positive):


[image: image157.png](32) +(=7) = (10)a
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 to the left.

(ii)
y-axis
   [image: image164.png]Fry =mad,



 
The box is moving on the horizontal plane so the acceleration in the

y-direction is 0. 

         [image: image166.png]


= 
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We don't know the magnitude of the gravitational force but we can calculate it.


[image: image171.png]=(10)(98) =98 N



 downward.


We can now do the substitution (we select up as positive):


[image: image173.png]N +(—98) =
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 [image: image176.png]


 upward.

Step 7: Check that the question has been answered and that the answer makes sense.


The acceleration which with the box is moving is 2,5 m·s-2.


The normal force is 98 N upward.

[image: image177.png]



1. A car of mass 850 kg accelerates at 2 m·s-2. Calculate the magnitude of the resultant force that is causing accelerartion .

2. John is pushing a wheelbarrow filled with sand on a horizontal building site. The total mass of the wheelbarrow and its content is 30 kg. When he apply a force of 20 N parallel to the surface, the wheelbarrow moves forward at constant speed.

2.1 Calculate the magnitude of the friction force between the wheels and the ground.
2.2 The foreman shouts at John to hurry up, and he increases the magnitude of his pushing force to 50 N.

2.2.1 Draw a free-body diagram of all the forces that act on the wheelbarrow.
2.2.2 Calculate the wheelbarrow's acceleration

2.2.3 Calculate the kinetic coefficient of friction between the wheels and the ground. 

Solution of the activities:

1:Data:

[image: image179.png]m = 850kg
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2.1

If the object is moving at constant speed, then the frictional force has the same magnitude than the applying force. 


[image: image186]
But we can calculate it.

The frictional force is action on the x-axis.

x-axis

         [image: image188.png]


 
If the object is moving at constant speed then the acceleration is 0

         [image: image190.png]
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           [image: image194.png]


 

The kinetic frictional force has a magnitude of 20N

2.2.1


[image: image195]
2.2.2

The object is moving in the x-direction so we must work in the x-axis.

x-axis

   
   [image: image197.png]
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  in the forward direction.

2.2.3

For calculate the coefficient of friction we can use the following equation:

[image: image207.png]fre = mN



 

But we don't have the normal force so we must calculate normal force firs.

y-axis

      [image: image209.png]Fry =mad,



 
The box is moving on the horizontal plane so the acceleration in the 


y-direction is 0. 

      [image: image211.png]



[image: image213.png]


 

We don't know the magnitude of the gravitational force bud we can calculate it.

[image: image215.png]Fg=mg=(30)(98) =294 N



 downward.

We can now do the substitution (we select up as positive)

[image: image217.png]


 

[image: image219.png]N =294 N



 upward.

We can now calculate the coefficient

[image: image221.png]e = 5. = 0,068



 
CALCULATIONS OF:

Two-body systems (joined by a light inextensible string): 

- Both on a flat horizontal plane with and without friction 

- One on a horizontal plane with and without friction, and a second hanging vertically from a string over a frictionless pulley 

- Both on an inclined plane with or without friction 

- Both hanging vertically from a string over a frictionless pulley
Two-body systems (joined by a light inextensible string): 
When two objects are connected by a light inextensible string, applying a force on one of the objects will cause both objects to accelerate at the same rate and in the same direction. In other words, the applied force can be thought to act on a single object whose mass is equivalent to the total mass. Two objects joined together, are accelerated simultaneously with the same magnitude when a force is applied to both objects.

Example 1
Two objects on a horizontal plane
Two blocks of the same materials are connected by a light, inelastic rope. Block A has a mass of 5 kg, and block B a mass of 3 kg. Another rope is fixed to block B and a force, [image: image223.png]Ty



, of 100N is apply horizontally. The blocks are moving along a horizontal frictionless surface.

[image: image224]
1.1 Draw separated labelled free-body diagrams of all the forces action on the blocks
1.2 Calculate the acceleration of the blocks.
1.3 Calculate the magnitude of the tension in the string
1.4 Calculate the net force F
Solution 

1.1 
[image: image225.png]BLOCKOF 5kg BLOCKOF 9kg
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1.2 Let’s go to apply Newton’s second law of motion to each block.
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Block of 9 kg (B)
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-
[image: image228.wmf]a

m

F

T

B

g

=

+



[image: image229.wmf]a

m

g

m

T

B

B

=

+

-

(Equation 2)

Solving the system of equations (adding 1 plus 2)
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1.3 . Using equation 2
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T= 59.76 N

1.4 . Fnet= ma

Fnet= 5 x 3,16

Fnet= 15.8 N

OR

Fnet= T- ff

Fnet=59,76 -15.8

Fnet= 15.76 N
Example 2
Two blocks with masses of 3 kg and 2 kg respectively are connected to each other with a string T. A child pulls the blocks over a frictionless floor with an unknown force [image: image238.png]Ty



 that makes and angle of 60o with the horizontal, as indicate in the sketch below. The force in the string T is 20 N. Calculate the force F.

[image: image239]
We can calculate the force with the component.

[image: image241.png]F, = F cos60°



 

Now we don't have the component. For calculate the component of the force in the x-direction we can select the two blocks as a unit and apply Newton's second law.


[image: image242]
x-axis

[image: image244.png]


 

[image: image246.png]


 

If you notes we don't have the acceleration. So we must calculate it using the 2 kg block.


[image: image247]
Now we apply the Newton's second law.

x-axis
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 to the right

Now we can calculate the component

[image: image259.png]
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We can calculate the force now. 

 [image: image265.png]F, = F cos60°



 

[image: image267.png]50 = F cos60°
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ONE ON A HORIZONTAL PLANE WITH AND WITHOUT FRICTION, AND A SECOND HANGING VERTICALLY FROM A STRING OVER A FRICTIONLESS PULLEY 
A 5 kg trolley rests on a horizontal surface. A block of 9 kg is attached to the 5 kg trolley by a light string hanging over frictionless pulleys as shown in the sketch below. The 5 kg block starts moving and experiences a constant frictional force of 44 N throughout its motion on the horizontal surface. Ignore air friction.

[image: image272.png]5 kg





Calculate

1.1 The acceleration of the system.

1.2 The tension on both strings.
1.3 The magnitude of the resultant force exerted on the 5 kg trolley
Solution 

1.1 
[image: image273.png]BLOCKOF 5kg BLOCKOF 9kg

Positive to the right

X} Positivedownwards




Let’s go to apply Newton’s second law of motion to each block.
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Block of 9 kg (B)

In x direction
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Solving the system of equations (adding 1 plus 2)
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1.2. Using equation 2
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T= 59.76 N

1.3. Fnet= ma

Fnet= 5 x 3,16

Fnet= 15.8 N

OR

Fnet= T- ff

Fnet=59,76 -15.8

Fnet= 15.76 N
BOTH ON AN INCLINED PLANE WITH OR WITHOUT FRICTION 
Example
A person wants to drag a 40-kg sled with a snowmobile up a snowy hill forming an angle of 25.00 . The coefficient of kinetic friction for the sled on the snow is 0.04. Calculate the force of the snowmobile on the sled if the sled accelerates at 2.5 m/s2 [uphill].

[image: image285.png]



Given

m = 40 kg    Ɵ =  250   μk = 0.04     g = 9.81 m/s2     a- 2.5 m/s2 [uphill]
Required

applied force on sled (Fapp)
Analysis and Solution

Draw a free-body diagram for the sled
[image: image286.png]



Since the sled is accelerating uphill, F[image: image288.png]


net  0 N parallel to the incline, but Fnet = 0 N perpendicular to the incline. Write equations to find the net force on the sled in both directions.
[image: image289.png]L direction
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Substitute FN = mg cos Ɵ into the equation for Fapp.

Fapp = ma + mg sin Ɵ + μkmg cos Ɵ
        = ma + mg (sin Ɵ + μk cos Ɵ)

= (40 )(2.5 ) + (40)(9.81) [(sin 25 ) + (0.04)(cos 25)]
= 3 x 102 N

The positive value for Fapp indicates that the direction of Fapp is uphill.

Fapp = 3 x 102 N [uphill]
[image: image290.png]



1. A roofer is shingling a roof that rises 1.0 m vertically for every2.0 m horizontally. The roofer is pulling one bundle of shingles (A) with a rope up the roof. Another rope connects bundle A to bundle B farther down the roof.
[image: image291.png]



Each of the two bundles of shingles has a mass of 15 kg. The coefficient of kinetic friction for the bundles on plywood sheeting is 0.50.
(a) What force must the roofer exert up the roof to drag the bundles at constant speed?

(b) Calculate the force exerted by bundle A on bundle B.

(c) What total force would the roofer have to exert to accelerate both bundles at 2.0 m/s2 [up roof]?
Answers

1. (a) 2.6 X102 N [up roof]

(b) 1.3 X 102 N [up roof]

(c) 3.2 X 102 N [up roof
BOTH HANGING VERTICALLY FROM A STRING OVER A FRICTIONLESS  PULLEY
The sketch below shows two blocks connected by a string of negligible mass that passes over a frictionless pulley also of negligible mass. The arrangement is known as Atwood’s machine. One block has mass m1= 2 kg and the other has mass m2= 4 kg

[image: image961.png]



The blocks have just this instant been released from rest.
1.1. Draw a free body diagram of all the forces acting on each block.

1.2. State Newton’s second law of motion in words.

1.3. Calculate the magnitude of the acceleration of the system.

1.4. Calculate the magnitude of the tension in the string. 

1.5. Compare the magnitude of the net force on m1 with the net force on m2.
           Only write down GREATER THAN, SMALLER THAN or EQUAL TO.

1.6. Will the pulley rotate clockwise or counter-clockwise?  
Solutions
Activity 1

1.1.

[image: image292.png]2 kg block 4 kg block
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1.2. When a net force is applied to an object of mass m, it accelerates in the direction of the net force. The acceleration is directly proportional to the net force and inversely proportional to the mass.

OR

When a net external force acts on an object of mass m, the acceleration that result is directly proportional to the net force and has a magnitude that is inversely proportional to the mass. The direction is the same direction of the net force.

OR

If a resultant force acts on a body, it will cause the body to accelerate in the direction of the resultant force. The acceleration of the body will be directly proportional to the resultant force and inversely proportional to the mass of the body. 

1.3. 
[image: image293.wmf]a
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For the 2 kg block (+ upwards)

T- Fg1= m1a

T-m1g= m1a

T- 2 x 9,8 = 2a

For the 4 kg block (+ downwards)

-T + m2g= m2a

-T+ 4x9,8= m2a 

Solving the system of equations

T- 2 x 9,8-T+ 4 x 9,8= (2 +4)a

2 x 9,8 =6 a

a=  + 3,27 m∙s-2

a=  3,27 m∙s-2
1.4. Option 1
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T= 26,13 N

Option 2

T- Fg1= m1a OR T= m1(a+g) 

T= 2 (3,27 +9,8)

T= 26,14 N

Option 3

-T + m2g= m2a  OR       –T=  m2a- m2g OR T= - m2a+ m2g

T=4(-3,27+9,8)

T= 26,12 N

1.5. Smaller than.

1.6. counter-clockwise
ELECTROSTATICS

[image: image296.png]



INTRODUCTION

[image: image962.png]



Note the following concerns from the 2018 diagnostic report:
QUESTION 7: ELECTROSTATICS (COULOMB’S LAW)

Common errors and misconceptions

(a) Calculator skills are severely lacking.

(b) Candidates lacked integration skills related to the vector diagram and to the Theoremof Pythagoras.
Suggestions for improvement
(a) Expose learners to vector diagrams (1D and 2D) and vector triangles when working

      with forces (electrostatic, gravitational and when determining the resultant of forces

      acting on a body).

(b) Remind learners of the vector nature of physical quantities when answering

      questions.

QUESTION 8: ELECTROSTATICS (ELECTRIC FIELDS)
Common errors and misconceptions

(a) Many candidates wrote the formula from the formula sheet as [image: image298.png]8



instead of [image: image300.png]L&




(b) Candidates failed to contextualise the definition in Q8.1 in context.
Suggestions for improvement
(a) Revisit vector diagrams in 1D and 2D when revising this section

(b) Clarify the distinction between the two equations [image: image302.png]L&




      and  [image: image304.png]e

Tty



.
(c) Learners confused the negative sign of the charge with vector characteristics.
[image: image305.jpg]



Examination guidelines

COULOMB'S LAW 
• State Coulomb's law: The magnitude of the electrostatic force exerted by one point charge (Q1) on another point charge (Q2) is directly proportional to the magnitudes of the charges and inversely proportional to the square of the distance (r) between them: 

•Solve problems using the equation 

[image: image306.png]F = k€0,




for charges in one dimension (1D) (restrict to three charges). 

• Solve problems using the equation 
[image: image307.png]F = k€0,




for charges in two dimensions (2D) – for three charges in a right-angled formation (limit to charges at the 'vertices of a right-angled triangle'). 

ELECTRIC FIELD 
• Describe an electric field as a region of space in which an electric charge experiences a force. The direction of the electric field at a point is the direction that a positive test charge would move if placed at that point. 

• Draw electric field patterns for: 
o A single point charge 

o Two point charges 

o A charged sphere 

• Define the electric field at a point: The electric field at a point is the electrostatic force experienced per unit positive charge placed at that point.  In symbols: [image: image309.png]e

Tty




· Solve problems using the equation [image: image311.png]e

Tty




• Calculate the electric field at a point due to a number of point charges, using the equation [image: image313.png]L&



 to determine the contribution to the field due to each charge. 
Restrict to three charges in a straight line. 
[image: image314.png]


[image: image315.png]


 1 hour
Coulomb's Law state that:

The magnitude of the electrical force exerted by one point charge on another is directly proportional to the magnitude of the charges and inversely proportional to the square of the distance between the charges. 

[image: image316.png]F = k€0,




Where:

· [image: image318.png]


 and [image: image320.png]


 are the magnitudes of the two charges respectively.
· [image: image322.png]


 is the distance between them.

· [image: image324.png]


 is called the electrostatic constant and has a value: [image: image326.png]9,0 x 10°N -m?2-C~2



 in free space.

The direction of the force is along the line joining the charges and it is repulsive for like charges and attractive for unlike charges).

From the equation if two charges of 1 C each are place 1 m apart, they will exert a force of approximately [image: image328.png]9,0 X 10°N



 on each other. The magnitude of the charge on one electron is the smallest known amount of charge; it is called the elementary charge, e.

[image: image329.png]e=1,602 x 107 C




Since an object cannot gain or lose fraction of an electron, the net charge on an object must be an integral multiple of this charge. We say that electric charge is quantised. Qnet=ne
TWO CHARGES
Example 1 (Example 1 page 319, Siyavula book Grade 11) Adapted
Two point-like charges carrying charges of +3 × 10−9 C and −5 × 10−9 C are 2 m apart. Determine the magnitude of the force between them and state whether it is attractive or repulsive.

Solution

Step 1: Sketch the situation



[image: image330]
Step 2: Determine what is required


We are required to determine the force between two point charges given the charges 
and the distance between them.

Step 3: Determine what is given


We are given:


[image: image332.png]Q=+3%X107°C





[image: image334.png]Q; =—-5X107°C





[image: image336.png]




[image: image338.png]k=9,0x10°N-m?-C?




Step 4: Check units



All quantities are in SI units.

Step 5: Determine how to approach the problem


We can use Coulomb’s law to calculate the magnitude of the force. [image: image340.png]


 

Step 6: Determine the magnitude of the force


[image: image342.png](50x10°)(3x107%) (5x107
—_—

337X 107°N





Thus the magnitude of the force is 3,37 × 10−8 N. However since the point charges have 
opposite signs, the force will be attractive.

Group activity

Activity 1
Two small, identical metal spheres A and B carrying charges of +30nC and -14nC respectively are mounted on insulated stands are placed at a certain distance r from each other as shown below. 

[image: image963.png]



1.1. State Coulomb’s law in words.
1.2. Sphere B is moved and makes contact with sphere A. It is then moved back to its original position. The magnitude of the electrostatic force between them is now 6,4 x 10-4 N. Calculate the magnitude of the charge on each sphere after contact.

1.3. Determine the original distance between the spheres.
Solution

Activity 1

1.1. The magnitude of the electrical force exerted by one point charge on another is directly proportional to the magnitude of the charges and inversely proportional to the square of the distance between the charges. The direction of the force is along the line joining the charges and it is repulsive for like charges and attractive for unlike charges.

OR

The magnitude of the electrostatic force between two point charges is directly proportional to the product of the magnitudes of the charges and inversely proportional to the square of the distance between them.

1.2. Charge on each= 
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1.3.         
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THREE CHARGES IN 1D
Example 2 (Example 2 page 320, Siyavula book Grade 11)

Three point charges are in a straight line. Their charges are Q1 = +2 × 10−9 C, Q2 = +1 × 10−9 C and Q3 = −3 × 10−9 C. The distance between Q1 and Q2 is 2 × 10−2 m and the distance between Q2 and Q3 is 4 × 10−2 m. What is the net electrostatic force on Q2 due to the other two charges?


[image: image349]
Solution

Step 1: Determine what is required


We need to calculate the net force on Q2. This force is the sum of the two electrostatic 
forces - the forces between Q1 on Q2 and Q3 on Q2.

Step 2: Determine what is given


We are given:


[image: image351.png]Q=+2%X107°C





[image: image353.png]Q; =+1X107°C




 
[image: image355.png]Qs =—3X107°C





[image: image357.png]r; =2X107°m



 


[image: image359.png]3 =4 X107°m





[image: image361.png]k=9,0x10°N-m?-C?



 

Step 3: Draw the free body diagram on Q2.

On Q2 are acting Q1 and Q3. The force between Q1 and Q2 are repulsive forces so the force form Q1 on Q2 ([image: image363.png]


) is pointing to the right. The force between Q3 and Q2 are attractive forces so the force form Q3 and Q2 ([image: image365.png]


) is pointing to the right. 



[image: image366]
Step 4: Determine how to approach the problem.

To calculate the net electrostatic force on Q2 we must add up the two forces using our rules for adding vectors quantities, because force is a vector quantity.


[image: image368.png]Fro = Fiy + Fsy




Step 5: Calculate the magnitude of the forces [image: image370.png]


 and [image: image372.png]
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Step 6: Calculate the net force.


[image: image378.png]Fro = 45X 1075 +1,69 X 107° = 619X 105N



 to the right.
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 3 minutes
Activity 1 (Exercise 8 page 326, Siyavula book Grade 11

For the charge configuration shown, calculate the resultant force on Q2  if

[image: image381.png]Q=23x107"C
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Activity 1

Data:

[image: image390.png]Q=23x107"C
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 to the right.

TWO CHARGES IN 2D

Example 1 (Example 4 page 324, Siyavula book Grade 11)

Three point charges form a right-angled triangle. Their charges are Q1 = 4×10−9 C = 4 nC, Q2 = 6 × 10−9 C = 6 nC and Q3 = −3 × 10−9 C = −3 nC. The distance between Q1 and Q2 is 5×10−2 m and the distance between Q1 and Q3 is 3×10−2 m.

What is the net electrostatic force on Q1 due to the other two charges if they are arranged as shown?


[image: image411]
Solution

Step 1: Determine what is required

We need to calculate the net force on Q1. This force is the sum of the two electrostatic forces - the forces of Q2 on Q1 and Q3 on Q1.

Step 2: Determine what is given


We are given:


[image: image413.png]Q,=+4%X107°C





[image: image415.png]Q; =+6X107°C




 
[image: image417.png]Qs =—3X107°C





[image: image419.png]r; =5X107°m



 


[image: image421.png]3 =3 X107°m





[image: image423.png]k=9,0x10°N-m?-C?



 

Step 3: Draw the free body diagram on Q1.



[image: image424]
Step 4: Determine how to approach the problem.

For calculate the net electrostatic force on Q2 we must add up the two forces using our rules for adding vectors quantities, because force is a vector quantity. In this case we use Pythagoras' theorem to calculate the magnitude of the resultant force.

We need to calculate, using Coulomb’s law, the electrostatic force exerted on Q1 by Q2, and the electrostatic force exerted on Q1 by Q3.

We must use the trigonometric functions (sin, cos, and tan) to calculate the direction of the resultant force.

[image: image426.png]



Step 5: Calculate the magnitude of the forces [image: image428.png]


 and [image: image430.png]




[image: image432.png]— *Q,0; _ (9.0x107)(4x107")(6x107
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[image: image434.png](90x10°)(3x1077)(4x10~"
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Step 6: Calculate the magnitude of the net force.


[image: image436.png]




[image: image438.png]Fro =/FA +F4 =+/(863X1075)2 + (1,199 X 1079)? = 148 X 10* N




Step 7: Calculate the direction of the resultant force.



[image: image439]

[image: image441.png]§ = yocomponent _ 113510
-component | BE3x10-%





[image: image443.png]6 = tan™ (

1199x10
Beax10-





The final resultant force acting on Q1 is 1,48 × 10−4 N acting at an angle of 54,25o to the negative x-axis or 125,75o to the positive x-axis.
[image: image444.png]


[image: image445.png]
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Activity 1 (Exercise 10 page 327, Siyavula book Grade 11)

Calculate the resultant force on Q1 given this charge configuration


[image: image446]
Solution of the activities:

Activity 1:

Data:

[image: image448.png]Q=+2nC=+2X107°C



 

[image: image450.png]Q;=+1nC=+1X107°C



 

[image: image452.png]Qs =+3nC=3X107°C



 

[image: image454.png]r; = 0,07 m



 

[image: image456.png]r3 = 0,04m



 

[image: image458.png]k=9,0x10°N-m?-C?



 

[image: image460.png]


 


[image: image461]
[image: image463.png]


 

Calculate the magnitude of the forces [image: image465.png]


 and [image: image467.png]



[image: image469.png]— *Q,0; _ (9.0x107)(2x107%)(1x107
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Calculate the magnitude of the net force. 

[image: image473.png]


 

[image: image475.png]Fro =FA +F4 =/(3.67X 10792+ (338X 10 5)2 =34 X 1075 N



 

Calculate the direction of the resultant force.

[image: image477.png]


 

[image: image479.png]6 =tan™t

3,8°



 

The final resultant force acting on Q1 is [image: image481.png]34x107°N



 acting at an angle of [image: image483.png]83,8°



  to the negative x-axis.
ELECTRIC FIELD 
We define electric field as a region of space in which an electric charge will experience a force. The direction of the field at a point in space is the direction in which a positive test charge would move if placed at that point.

o A single point charge 

[image: image484.png]-





o Two point charges 

[image: image485.png]



[image: image486.png]YOS





o A charged sphere 

[image: image487.png]


[image: image488.png]


3 minutes
Activity1

Two point charges, Q1 of [image: image490.png]—6X107°C



 and Q2 of [image: image492.png]+4X107°C



 are placed 120mm apart.

1.1 Draw a diagram of the electric field patter around the charges.

1.2 Calculate the electrostatic force between them.
Solution of the activities:



Data:

[image: image495.png]Q=—-6nC=-6X107°C



 

[image: image497.png]Q; =+4nC=+4X107°C



  

[image: image499.png]r=120mm=12x10"*m



 

[image: image501.png]k=9,0x10°N-m?-C?



 

 [image: image503.png]
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The force is an attractive force.
Definition of electric field at a point

The electric field at a point,[image: image507.png]IS



, is the electrostatic force experienced per unit positive charge placed at that point. In symbols 

[image: image508.png]



Where:

[image: image510.png]


 is the Coulomb force exerted by a charge on a test charge q.

The SI units of the electric field are Newtons’ per coulomb: N·C−1.
If the electric field is known, then the electrostatic force on any charge q placed into the field is simply obtained by rearranging the definition equation:

[image: image511.png]B




Since the force [image: image513.png]Ty



 is a vector and q is a scalar, the electric field, [image: image515.png]My



, is also a vector; it has a magnitude and a direction at every point.

Given the definition of electric field above and substituting the expression for Coulomb’s law for F:

[image: image516.png]



If we substitute the force in the equation [image: image518.png]



[image: image519.png]



And then:

[image: image520.png]



Finally:

[image: image521.png]ko,




Using this equation we can calculate the electric field strength (magnitude of the electric field) at a point. We can see that the magnitude of electric field at a point only depend on the charge Q and not the magnitude of the test charge.

The electric field strength at a point is directly proportional to the magnitude of the charge that generates the field and inversely proportional to the square of the distance from the charge to the point.

Example 1 (Example 5 page 336, Siyavula book Grade 11)

Calculate the electric field strength 30 cm from a 5 nC charge.


[image: image522]
Solution:

Step 1: Determine what is required


We need to calculate the electric field a distance from a given charge.

Step 2: Determine what is given


Data:


[image: image524.png]Q=+4+5nC=+5X107°C





[image: image526.png]r=30cm=3xX10""m





[image: image528.png]k=9,0x10°N-m?-C?




Step 3: Determine how to approach the problem


We will use the equation: [image: image530.png]



Step 4: Solve the problem


[image: image532.png]g =k _ Boar)(sxao
T @xae?

499x10° N -




If more than one charge contributes to the electric field the individual fields are added to give the total field at any point: [image: image534.png]E=E +E+-




 . 

Example 2 (Example 6 page 337, Siyavula book Grade 11)

Two charges of Q1 = +3nC and Q2 = −4nC are separated by a distance of 50 cm. What is the electric field at a point that is 20 cm from Q1 and 50 cm from Q2? The point lies between Q1 and Q2.


[image: image535]
Solution

Step 1: Determine what is required


We need to calculate the electric field a distance from two given charges.

Step 2: Determine what is given


Data:


[image: image537.png]Q=+3nC=+3X107°C





[image: image539.png]Q;=—4nC=-4X107°C





[image: image541.png]T =20cm=20 X 107° m



= 0,2 m


[image: image543.png]e =30cm =3X10"" m



= 0,3 m


[image: image545.png]k=9,0x10°N-m?-C?



.

Step 3: Determine how to approach the problem


To determine the electric field at point x we must use [image: image547.png]E=E, +E,



. Now we do not have 
[image: image549.png]


 and [image: image551.png]


. So we must calculate it first using [image: image553.png]



Step 4: Calculate [image: image555.png]


 and [image: image557.png]


.


[image: image559.png]674x10°N-C™
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[image: image561.png]k@, _ (9.0x107)(4x 107
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Step 5: Do a graphical representation.



[image: image562] 
Step 6: Calculate the electric field at a point.


We are going to select right as positive.


[image: image564.png]E=E +E=674x10°+4x10° =107 X 10°N-C~}



 to the right.


[image: image565.png]


[image: image566.png]
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Activity 1: Exercise 2 page 340 Siyavula Gr 11

Two charges of [image: image568.png]Q=—-6X107"C



 and [image: image570.png]Q,=—-8X107"%C



  are separated by a distance of 3 km. What is the electric field strength at a point that is 2 km from Q1 and 1 km from Q2? The point lies between Q1 and Q2.


[image: image571]
Solution of the activities:

Activity 1:

Data:

[image: image573.png]Q=—-6X107"C



 

[image: image575.png]Q,=—-8X107"%C



 

[image: image577.png]e = 2km=2x10°m



 

[image: image579.png]e =1 km=10"m



 

[image: image581.png]k=9,0x10°N-m?-C?



.

To determine the electric field at point x we must use [image: image583.png]E=E, +E,



. Now we do not have 
[image: image585.png]


 and [image: image587.png]


. So we must calculate it first using [image: image589.png]



[image: image591.png]135x 1078 N-C?
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[image: image964.png]
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We are going to select right as positive.

[image: image595.png]E=E +E=135x10"°+(-72x10"%) = —585Xx 10 8 N-C*




 

ELECTRIC CIRCUITS
[image: image965.png]



Concerns from the diagnostic report 2018
QUESTION 9: ELECTRIC CIRCUITS

Common errors and misconceptions

(a) Many candidates failed to identify the series and parallel connections from the graph

which indicates their lack of understanding of the differences between series and

parallel connections in a circuit.

(b) Many candidates could not establish the relationship between resistance, current and potential difference between points a and b.

(c) Some candidates failed to apply Ohm’s law to different sections of the circuit.

Suggestions for improvement

(a) Although the principles of series and parallel circuits are taught from Grade 9, the

basic principles have to be revisited constantly.
Examination guidelines

Ohm's law (Grade 11) 
• State Ohm's law in words: The potential difference across a conductor is directly proportional to the current in the conductor at constant temperature. 

• Determine the relationship between current, voltage and resistance at constant temperature using a simple circuit. 

• State the difference between ohmic conductors and non-ohmic conductors and give an example of each. 

• Solve problems using [image: image597.png]




 QUOTE [image: image598.png]


 [image: image599.png]


  for series and parallel circuits (maximum four resistors). 

POWER, ENERGY (Grade 11) 
• Define power as the rate at which work is done. 

• Solve problems using 
[image: image600.wmf]t

W

P

=


• Solve problems using P = VI , P = I. 2R or [image: image602.png]


.
• Solve circuit problems involving the concepts of power and electrical energy. 

• Deduce that the kilowatt hour (kWh) refers to the use of 1 kilowatt of electricity for 1 hour. 

• Calculate the cost of electricity usage given the power specifications of the appliances used as well as the duration if the cost of 1 kWh is given. 
Internal resistance, series and parallel networks 
• Solve problems involving current, voltage and resistance for circuits containing arrangements of resistors in series and in parallel (maximum four resistors). 

• Explain the term internal resistance. 

• Solve circuit problems using ε = Vload + Vinternal resistance or ε =IRext+ Ir. 

• Solve circuit problems, with internal resistance, involving series-parallel networks of resistors (maximum four resistors). 

[image: image603.png]


[image: image604.png]


 30 minutes
Ohm’s Law state that:

The potential difference across a conductor is directly proportional to the current in the conductor at constant temperature

 and can be described by

[image: image605.png]



Where:


[image: image607.png]


 is the current through the conductor


[image: image609.png]


 is the voltage across the conductor


[image: image611.png]


 is the resistance of the conductor.

In other words, at constant temperature, the resistance of the conductor is constant, independent of the voltage applied across it or current passed through it.

Ohm’s Law tells us that if a conductor is at a constant temperature, the current flowing through the conductor is directly proportional to the voltage across it. This means that if we plot voltage on the x-axis of a graph and current on the y-axis of the graph, we will get a straight-line
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The gradient of the straight-line graph is related to the resistance of the conductor as:

[image: image613.png]



This can be rearranged in terms of the constant resistance as:

[image: image614.png]



We can determine this relationship.

[image: image615.png]



Activity 1 (Exercise 11-1 page 375, Siyavula book Grade 11)

Use the data in the table below to answer the following questions.

	Voltage, V (V)
	Current, I (A)

	3,0
	0,4

	6,0
	0,8

	9,0
	1,2

	12,0
	1,6


a) 
Plot a graph of voltage (on the x-axis) and current (on the y-axis).

b) 
What type of graph do you obtain (straight-line, parabola, other curve)

c) 
Calculate the gradient of the graph.

d) 
Do your experimental results verify Ohm’s Law? Explain.

e) 
How would you go about finding the resistance of an unknown resistor using only a 
power supply, a voltmeter and a known resistor R0?

Solution

Activity 1:

a) [image: image616.png]Electric curren vs Voltage





b)
Straight-line

c) 
The gradient of the graph (m) is the change in the current divided by the change in the 
voltage:


[image: image618.png]l6-04
23

0,13




d) 
Yes. A straight line graph is obtained when we plot a graph of voltage vs. current.

e)
You start by connecting the known resistor in a circuit with the power supply. Now you 
read the voltage of the power supply and note this down.


Next you connect the two resistors in series. You can now take the voltage 
measurements for each of resistors.


So we can find the voltages for the two resistors. Now we note that:

V = IR


So using this and the fact that for resistors in series, the current is the same 
everywhere in the circuit we can find the unknown resistance.


[image: image620.png]Vo = IR,





  [image: image622.png]




[image: image624.png]Vy = IRy



 


  [image: image626.png]




 [image: image628.png]




So:


[image: image630.png]



Calculations
Example 1:

In the following circuit diagram the battery has an emf of 12 V. Two 6 Ω resistors are connected in parallel one another and in series with a 2 Ω resistor and an ammeter.

[image: image631.png]12V

of] oo[]
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Calculate the reading on the ammeter.

Solution:

Step 1: Determine how to approach the problem


All the information is on the circuit so we do not need to write the data.


The ammeter will read the total current of the circuit so we can calculate it using 
Ohm's Law:


[image: image633.png]25





From the data we do not have the total resistance so we must calculate it first.

Step 2: Calculating the total resistance


[image: image635.png]Ry =Ry + R,



 


Calculating the resistance in parallel:

	Option 1:
	Option 2:

	[image: image637.png]


 

 [image: image639.png]


 
	[image: image641.png]= By
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[image: image643.png]


 


 [image: image645.png]Rr =R, +R,=3+2=50



 


Now we can calculate the current.

Step 3: Calculating the current


[image: image647.png]



Example 2 (June national 2017)
The emf and internal resistance of a certain battery were determined experimentally. The circuit used for the experiment is shown in the diagram below. 
The circuit diagram below shows a battery with an emf (ε) of 60 V and an unknown internal resistance r, connected to three resistors. 
[image: image648.png]



A voltmeter connected across the 8 Ω resistor reads 21,84 V.

Calculate the:

1  Current in the 8 Ω resistor 





(3)

2  Equivalent resistance of the resistors in parallel 


(2)

3  Internal resistance r of the battery  




(4)

4  Heat dissipated in the external circuit in 0,2 seconds  

(3)

Solutions

[image: image649.png]vany of these.

V:IR‘

21,84 = 1 (8) ¥
lgs =273 AY @)
OPTION 1 -
[ R -RsxRo
- Reo = Rep
30x20
Ri=—5—"
=120/
Ry =120v 2

POSITIVE MARKING FROM QUESTION  1AND 2

OPTION 1

Re=@+12+0) (for the addition.
=(@20+n

E=IR+1)Y

60 = (273)20+0

1.98 07





[image: image650.png]POSITIVE MARKING FROM QUESTION

OPTION 2

T

=3276V
(32,76 +21,84) + for addition

546V
Vs =60-546=54V

£=Vigs+ Vi + Vo
60 = (Vaose + 32,76+ 21,84) ¥
Vaosr =54V

any of these.

No penalisation for omitted subscripts

POSITIVE MARKING FROM 1AND 2
OPTION 1 OPTION 2 OPTION 3
vz W =TFRAtY W = VIAtY
W= oty (2737 (20(02) ¥ | =(546)2.73)0.2) ¥

=2981J7

(548F .

w=21220 v
=2981J7

=298107

“@

@




POWER

[image: image651.png]


[image: image652.png]


 20 minute

Electric circuits, power is a function of both voltage and current and we talk about the power dissipated in a circuit element.
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Example 1 (Example 10 page 401, Siyavula book Grade 11):

Two ohmic resistors (R1 and R2) are connected in series with a cell. Calculate the resistance of resistor R2 and the power dissipated by the resistor R2, given that the current flowing through R1 and R2 is 0,25 A and that the voltage across the cell is 6 V. R1 = 1 Ω.

Solution:

Step 1: Draw the circuit and fill in all known values.


[image: image658.png]Ri=1Q

]

1=0,25A

V=6V




Step 2: Write down what is given


Data:


[image: image660.png]6V





[image: image662.png]=0,25 A





[image: image664.png]




[image: image666.png]




[image: image668.png]



Step 3: Determine how to approach the problem.


To calculate [image: image670.png]


 we use what we know about resistors in series:


[image: image672.png]




So:


[image: image674.png]




We need to calculate[image: image676.png]


. We can use Ohm's Law:


[image: image678.png]



Step 4: Find the unknown resistance


[image: image680.png]Rs—Ry=24-1=230




Step 5: Find the unknown power.


We have three options to calculate the power.

	Option1
	Option 2
	Option 3

	We can use the formula:

[image: image681.png]P=1I°R




For [image: image683.png]


 Then will be:

[image: image684.png]Pr, = I3R,




We do not know the current but we know that in a series circuit: [image: image686.png]



So [image: image688.png]I, =025



 A

[image: image690.png]Pr, = I3R,



 

[image: image692.png]Pgo = 0,257 X 23 =144 W



 
	We can use the formula:

[image: image693.png]



For [image: image695.png]


 Then will be: 

[image: image696.png]



We do not have [image: image698.png]


 but we can calculate using Ohm's Law:

[image: image699.png]V, = LR,




We do not know the current but we know that in a series circuit: [image: image701.png]



So [image: image703.png]I, =025



 A

[image: image705.png]V, = LR,



 

[image: image707.png]V, =025x23 =575V



 

Now we can calculate the power:

[image: image709.png]


 
	We can use the formula:

[image: image710.png]Vi




For [image: image712.png]


 Then will be:

[image: image713.png]



We do not have [image: image715.png]


 but we can calculate using Ohm's Law:

[image: image716.png]V, = LR,




We do not know the current but we know that in a series circuit: 
[image: image718.png]



So [image: image720.png]I, =025



 A

[image: image722.png]V, = LR,



 

[image: image724.png]V, =025x23 =575V



 

Now we can calculate the power:

[image: image726.png]


 

[image: image728.png]Pg, =575X0,25=144W



 


[image: image729.jpg]



Determine the power dissipated by each resistor in the following circuit, if the battery is 6V

[image: image730.png]Rl:l“[l DR2=29 |:|R4:69
R

=40
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Activity 2:

Data:

[image: image732.png]6V



 

[image: image734.png]


 

[image: image736.png]


 

[image: image738.png]


 

[image: image740.png]


 

[image: image742.png]


 

[image: image744.png]


 

[image: image746.png]


 

[image: image748.png]


 

Solution:

To calculate the power on any or the resistor we need to know the current or the voltage.

We have  in the circuit a parallel part ([image: image750.png]


 and [image: image752.png]


) that is in series with a series part ([image: image754.png]


 and [image: image756.png]


) so if we calculate the current then we know the current on each resistor in series and in the parallel part. We can use Ohm's Law to calculate the current.

[image: image758.png]FIE



 

We need to calculate the total resistance:

[image: image760.png]Ry =Rs+ Ry = (Ry + R + (79) = (44 6) +(113) =10+ 0,67 = 1067 0



 

Now the current:

[image: image762.png]


 

Now we can calculate [image: image764.png]


 and [image: image766.png]


:

[image: image768.png]Prs = I3R; = (056)* X 4 =125 W



 

[image: image770.png]Prs = I{R, = (056)* X 6 = 1,88 W



 

To calculate [image: image772.png]


 and [image: image774.png]


 we need to calculate the voltage. We know that [image: image776.png]


 (parallel connection). We have to options to calculate the voltage in which will be a small difference:

	Option 1
	Option 2

	[image: image778.png]/o = IpRp = 0,56 X 0,67 = 0,375V



 

Now we can calculate de power:

[image: image780.png]wt_ (os78)®
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[image: image782.png]I
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	[image: image784.png]


 

[image: image786.png]


 

[image: image788.png]V3 =I3R; =056 X 4=2,24V



 

[image: image790.png][,R; =056 X6=336V



 

[image: image792.png]—224-336=04V




 

[image: image793.png]



[image: image795.png]


 

[image: image797.png]L

=008 W



 


The power dissipated by R1 is 0,16 W.

The power dissipated by R2 is 0,08 W.

The power dissipated by R3 is 1,25 W.

The power dissipated by R4 is 1,88 W.

EMF AND INTERNAL RESISTANCE

Question 2

In the circuit below, the battery has an emf of 12 V and internal resistance r. The

three resistors and the bulb are connected as shown in the diagram. The resistance

of the bulb is 2 Ω. Initially both switches S1 and S2 are open. Assume that all the

connecting wires and an ammeter A have negligible resistances.

[image: image798.emf]
2.1 With only switch S1 closed, the reading on the voltmeter drops to 10,8 V.

Calculate the …

2.1.1 reading on ammeter A. 







(4)

2.1.2 internal resistance, r of the battery. 





(3)

2.2 With both switches, S1 and S2, closed, the ammeter reads 1,5 A.

2.2.1 Calculate the power dissipated by the bulb. 




(7)

2.2.2 What effect will the closing of both switches have on the “lost volts”?

Write only INCREASE, REMAINS THE SAME OR DECREASE.

Fully explain your answer. 








(3)

[17]

Solution

Question 2

2.1.1

[image: image799.png]Ret=R1+R2=6+6=12Q
Vex =IR v/
108v=Ix12 v
9A V





2.1.2

[image: image966.png]


[image: image967.png]el
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2.2.1 

[image: image968.png]el
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2.2.2 Increases. ✓ External resistance decreases ✓ and current increases ✓ 

ELECTROCHEMICAL CELLS
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Concerns from the diagnostic report
QUESTION 8: GALVANIC CELLS
Common errors and misconceptions
(a) Many candidates failed to name component Y in Q8.1.1.

(b) The writing of the cell reaction in Q8.1.3 proved challenging for the candidates.

(c) Common errors in Q8.1.4 were: Failing to copy the correct equation from the formula

sheet; swapping the reduction potential of the anode with that of the cathode when

substituting; substituting the reduction potential of the Aℓ half-reaction as a positive

value instead of -1,66 V and omitting / providing the unit at the final answer.

(d) In Q 8.2.1, most candidates did not know that an inert electrode should be used

because Cℓ2 is a gas and Cℓ-(aq) a solution.

(e) When writing the standard conditions under which the half-cells function in Q8.2.2,

many candidates omitted units or used incorrect unit for example 25 ° and mol∙dm3.

(f) The use of the Table of Standard Reduction Potentials to determine the strongest

reducing agent in Q8.2.3 is still a major problem.

(g) In Q8.2.4 many learners again showed that they do not understand how to use the

Table of Standard Reduction Potentials.
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Suggestions for improvement
(a) Emphasis should be placed on the difference between cell potential, the cell reaction

and cell notation.

(b) Ensure that learners use formulae on the formula sheet. This will prevent the use of

an incorrect formula for the calculation of the cell potential.

(c) More time should be spent to ensure that learners understand how to use the Table

of Standard Reduction Potentials. Learners should be taught that, for example, Zn2+
can never be a reducing agent because it cannot undergo oxidation (lose electrons).

Oxidising agents are listed to the left in the Table of Standard Reduction Potentials

and reducing agents to the right (see the section of Table 4B below).
QUESTION 9: ELECTROLYTIC CELLS

Common errors and misconceptions

(a) In Q9.1 many candidates failed to link the increase in mass of electrode P to

reduction and therefore P is the cathode.

(b) In Q9.3, most candidates could not explain why zinc ions will not influence the quality of the pure copper.

Suggestions for improvement

(a) More time should be spent to ensure that learners understand how to use the Table

     of Standard Reduction Potentials to compare relative strengths of two oxidising

      agents or of two reducing agents.
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Examination guideline

Electrolytic cells and galvanic cells 
• Define the galvanic cell as a cell in which chemical energy is converted into electrical energy. A galvanic (voltaic) cell has self-sustaining electrode reactions. 

• Define the electrolytic cell as a cell in which electrical energy is converted into chemical energy. 

• Define oxidation and reduction in terms of electron (e-) transfer: 
Oxidation is a loss of electrons. Reduction is a gain of electrons. 

• Define oxidation and reduction in terms of oxidation numbers: 
Oxidation: An increase in oxidation number 

Reduction: A decrease in oxidation number 

• Define an oxidising agent and a reducing agent in terms of oxidation and reduction: 
Oxidising agent: A substance that is reduced/gains electrons. 

Reducing agent: A substance that is oxidised/loses electrons. 

• Define an anode and a cathode in terms of oxidation and reduction: 

Anode: the electrode where oxidation takes place 

Cathode: the electrode where reduction takes place 

• Define an electrolyte as a substance of which the aqueous solution contains ions OR a substance that dissolves in water to give a solution that conducts electricity. 

• Electrolysis: The chemical process in which electrical energy is converted to chemical energy OR the use of electrical energy to produce a chemical change. 
Relation of current and potential difference to rate and equilibrium 
• Give and explain the relationship between current in an electrolytic cell and the rate of the reaction. 

• State that the potential difference of a galvanic cell (Vcell) is related to the extent to which the spontaneous cell reaction has reached equilibrium. 
State and use the qualitative relationship between Vcell and the concentration of product ions and reactant ions for the spontaneous reaction, namely Vcell decreases as the concentration of product ions increases and the concentration of reactant ions decreases until equilibrium is reached at which the Vcell = 0 (the cell is 'flat'). (Qualitative only. 

Understanding of the processes and redox reactions taking place in galvanic cells 
• Describe the movement of ions in the solutions. 

• State the direction of electron flow in the external circuit. 

• Write down the half-reactions that occur at the electrodes. 

• State the function of the salt bridge. 
Use cell notation or diagrams to represent a galvanic cell. 

When writing cell notation, the following convention should be used: 

o The H2|H+ half-cell is treated just like any other half-cell. 

o Cell terminals (electrodes) are written on the outside of the cell notation. 

o Active electrodes: 
reducing agent | oxidised species || oxidising agent | reduced species 

o Inert electrodes (usually Pt or C): 
Pt | reducing agent | oxidised species || oxidising agent | reduced species | Pt 

Example: Pt | Cℓ-(aq) |Cℓ2(g) || F2(g) | F-(aq) | Pt 

• Predict the half-cell in which oxidation will take place when two half-cells are connected. 

• Predict the half-cell in which reduction will take place when connected to another half-cell. 

• Write down the overall cell reaction by combining two half-reactions. 

• Use the Table of Standard Reduction Potentials to calculate the emf of a standard galvanic cell. 

• Use a positive value of the standard emf as an indication that the reaction is spontaneous under standard conditions 
Standard electrode potentials 
• Write down the standard conditions under which standard electrode potentials are determined. 

• Describe the standard hydrogen electrode and explain its role as the reference electrode. 

• Explain how standard electrode potentials can be determined using the reference electrode and state the convention regarding positive and negative values. 

Understanding the processes and redox reactions taking place in electrolytic cells 
• Describe the movement of ions in the solution. 

• State the direction of electron flow in the external circuit. 

• Write equations for the half-reactions taking place at the anode and cathode. 

• Write down the overall cell reaction by combining two half-reactions. 

• Describe, using half-reactions and the equation for the overall cell reaction as well as the layout of the particular cell using a schematic diagram, the following electrolytic processes: 

o The decomposition of copper(II) chloride 

o Electroplating, e.g. the electroplating of an iron spoon with silver/nickel 

o Refining copper 

o The electrolysis of a concentrated solution of sodium chloride and its use in the chlor-alkali industry 

o The recovery of aluminium metal from bauxite (South Africa uses bauxite from Australia.) 
Describe risks to the environment of the following electrolytic processes used industrially: 

o The production of chlorine (the chemical reactions of the chloro-alkali industry) 

o The recovery of aluminium metal from bauxide
REVISSION OF REDOX REACTIONS (FROM GRADE 11)

Redox reaction: Transfer of electrons from one element to another. The number of electrons involved in the redox process is equal to the difference between the final and starting oxidation number of each element, in other words: the oxidation number that it shows at the beginning and at the end of the reaction (once it took place).

An oxidation occurs when an atom or ion loses electrons.

A reduction occurs when an atom or ion gains electrons.

During a redox reaction electrons are transferred from the substance which is oxidized to the substance which is reduced.
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Oxidizing agent: A substance that gains electrons (the substance that is reduced it is also the oxidizing agent).

Reducing agent: A substance that loses electrons (the substance that is oxidized, it is also the reducing agent).
Example

[image: image971.png]


CuSO4(aq)   +  Zn(s)                                          ZnSO4(aq)   +  Cu(s)
Reducing agent: Zn

Oxidizing agent: Cu2+
Oxidation and reduction always take place simultaneously one cannot occur without the other.

In electrochemical reactions, electrons are transferred from one species to another.

In order to keep track of what loses electrons and what gains them, we assign oxidation numbers.

Example 
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An electrochemical cell is a device used for generating an electromotive force (voltage) and current from chemical reactions, or the reverse, inducing a chemical reaction by a current.

Or 

An electrochemical cell is a device that is used to generate electricity or one that is used to make chemical reactions possible by applying electricity.
GALVANIC (VOLTAIC) CELLS AND ELECTROLYTIC CELLS. 
Galvanic (voltaic) cells: Cells in which chemical energy is converted into electrical  energy, spontaneous chemical reactions drive the cell.

GALVANIC CELLS
An experiment can be done to observe the reaction of the metal zinc with a solution of copper (II) sulphate (blue solution).
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    Zn(s)+CuSO4(aq)                 ZnSO4(aq) + Cu(s)
Activity: Experiment: Electrochemical reactions

Aim:

To investigate the reactions that takes place in a zinc-copper cell

Apparatus:

zinc plate, copper plate, zinc sulphate (ZnSO4) solution (1 mol.dm−3), copper sulphate (CuSO4) solution (1 mol.dm−3), two 250 ml beakers,   U-tube, Na2SO4 solution, cotton wool, ammeter).

Method:

1. Pour about 200 ml of the zinc sulphate solution into a beaker and put the zinc plate into it.

2.  Pour about 200 ml of the copper sulphate solution into the second beaker and place the copper plate into it.

3.  Fill the U-tube with the Na2SO4 solution and seal the ends of the tubes with the cotton wool. This will stop the solution from flowing out when the U-tube is turned upside down.

4.  Connect the zinc and copper plates to the ammeter and observe whether the ammeter records a reading.

5. Place the U-tube so that one end is in the copper sulphate solution and the other end is in the zinc sulphate solution. Is there a reading on the ammeter? In which direction is the current flowing?
Note: A voltmeter can also be used in place of the ammeter. A voltmeter will measure the potential difference across the cell.
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Results:

During the experiment, you should have noticed the following:

• When the U-tube containing the Na2SO4 solution was absent, there was no reading on the ammeter.

• When the U-tube was connected, a reading was recorded on the ammeter.

• The direction of electron flow is from the zinc plate towards the copper plate.

Conclusions:

When a zinc sulphate solution containing a zinc plate is connected by a U-tube to a copper sulphate solution containing a copper plate, electrons flow from the zinc electrode to the cupper electrode. Zinc metal is oxidised (mass of the zinc plate decreases). Reduction takes place at the cupper plate (the mass of copper plate increases)

This will be explained in detail below.

When a Zn plate is dipped in a copper (II) sulphate solution of concentration 1 mol·l-1, a spontaneous reaction occurs and the following observation can be made:

Observation: The temperature rises. The blue copper (II) sulphate solution becomes colourless. A brown powder is produced.

Conclusion: The rise in temperature indicates that the reaction is exothermic.

The experiment above demonstrated a zinc-copper cell. This was made up of a zinc half cell and a copper half cell.

Definition: Half cell

A half cell is a structure that consists of a conductive electrode surrounded by a conductive electrolyte. For example, a zinc half cell could consist of a zinc metal plate (the electrode) in a zinc sulphate solution (the electrolyte).

Copper plate
At the copper plate, there was an increase in mass. This means that Cu2+ ions from the copper sulphate solution were deposited onto the plate as atoms of copper metal. The half-reaction that takes place at the copper plate is:

Cu2+ + 2e−  [image: image808.png]


 Cu (Reduction half reaction)

Another shortened way to represent this copper half-cell is Cu2+/Cu.

Zinc plate
At the zinc plate, there was a decrease in mass. This means that some of the zinc goes into solution as Z2+ ions. The electrons remain on the zinc plate, giving it a negative charge. The half-reaction that takes place at the zinc plate is:

Zn [image: image810.png]


 Zn2+ + 2e− (Oxidation half reaction)

The shortened way to represent the zinc half-cell is Zn/Zn2+.
The overall reaction is:

Zn + Cu2+ + 2e−  [image: image812.png]


 Zn2+ + Cu + 2e− or, if we cancel the electrons:
 Zn + Cu2+ [image: image814.png]


 Zn2+ + Cu
Since electrons are liberated during oxidation, electrons are liberated at the anode and thus electrons flow from anode to cathode, then the anode is the negative electrode and the cathode is the positive electrode of a galvanic cell.

The anode electrode generally decreases in mass during the reaction while the cathode electrode increases in mass.

Negative ions are called anions and the positive ions are called cations.

For this electrochemical cell, the standard notation is:
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In the cell notation the anode (oxidation process) is always written on the left and the cathode (reduction process) on the right, the formulae of the phases which are in contact are represented by a line and the salt bridge by a double line.

The emf of the cell or cell potential is a maximum under standard conditions (temperature 298 K, pressure of 101,3 Pa, and electrolytes of 1 mol.dm-3) 

When the cell reaction occurs the concentration of the products increase and the concentration of the reactants decrease. 

In the zinc-copper cell, the copper and zinc plates are called the electrodes. The electrode where oxidation occurs is called the anode, and the electrode where reduction takes place is called the cathode. In the zinc-copper cell, the zinc plate is the anode and the copper plate is the cathode.

Definition: Electrode

An electrode is an electrical conductor that is used to make contact with a metallic part of a circuit. The anode is the electrode where oxidation takes place. The cathode is the electrode where reduction takes place.

The zinc sulphate and copper sulphate solutions are called the electrolyte solutions.

Definition: Electrolyte

An electrolyte is a substance that contains free ions and which therefore behaves as an electrical conductor.

The U-tube also plays a very important role in the cell. In the Zn/Zn2+ half-cell, there is a build up of positive charge because of the release of electrons through oxidation. 
In the Cu2+/Cu half- cell, there is a decrease in the positive charge because electrons are gained through reduction. This causes a movement of SO42- ions into the beaker where there are too many positive ions, in order to neutralise the solution. 
Without this, the flow of electrons in the outer circuit stops completely. 
The U-tube is called the salt bridge. The salt bridge acts as a transfer medium that allows ions to flow through without allowing the different solutions to mix and react.
Definition: Salt bridge

A salt bridge, in electrochemistry, is a laboratory device that is used to connect the oxidation and reduction half-cells of a galvanic cell.

Functions of the salt bridge

· To complete the circuit by connecting the electrolytes in the half cells.
· To allow ions to flow through without allowing the different solutions to mix and react.
· To help to maintain electrical neutrality of the electrolytes in the half cells.
As the cell is working and providing a flow of electrons to a circuit, its emf (electromotive force) become less that is to say the cell potential decreases as the cell delivers an electric current. When the cell potential is zero, the cell reaction has reached chemical equilibrium.

Cell potential (Vcell) decreases as the concentration of product ions increases and the concentration of reactant ions decreases until equilibrium is reached at which the Vcell = 0 (the cell is ‘flat’).

In our example the cell potential may be increased by increasing (Cu2+) or decreasing (Zn2+). 

The larger Zn electrode will not alter the emf but will allow the cell to work for a longer time. 

Generally these cells have a very large internal resistance.
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 15 minutes
The figure below shows a galvanic cell that consists of two half-cells; each half-cell consists of a metal and a solution of a salt of the metal. One container has an aqueous solution of ZnSO4 with concentration of 1 mol·dm-3 the other container has an aqueous solution of CuSO4 with concentration 1 mol·dm-3.
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Standard electrode potentials

The cell potential (often called the electromotive force or emf) has a contribution from the anode which is a measure of its ability to lose electrons - it will be called its "oxidation potential". The cathode has a contribution based on its ability to gain electrons, its "reduction potential". The cell potential can then be written

Ecell = oxidation potential + reduction potential

Zn [image: image819.png]


 Zn2+ + 2e−
Cu [image: image821.png]


 Cu2+ + 2e−

Of these two metals, zinc is more reactive and is more likely to give away electrons to form Zn2+ ions in solution, than is copper.
When a metal like Zinc (Zn) is placed in an aqueous dissolution of its ions (Zn2+) it is dissolved emitting positive ions within the dissolution and liberating electrons in this process which remain in the surface of the Zinc. The metal is negative charged and the dissolution positive charged.

The reaction between the metal (Zn) and the dissolution of its ions can be represented in the following way:

Zn(s)[image: image823.png]


  Zn2+(aq) + 2e-   (oxidation)

The surface of Zn which is negative attracts the ions of zinc and some of them can be deposited on it. This process can be represented in the following way:

Zn2+(aq) + 2e-[image: image825.png]


 Zn(s)     (reduction)

Two contrary processes are occurring simultaneously then after a time equilibrium is reached. It can be represented as follows.

Zn2+(aq) + 2e-[image: image827.png]


 Zn(s)
In this case the Zn electrode is called reversible electrode.

For all reversible electrodes there are two opposite reactions and in some determined conditions these reactions can be in equilibrium. A dynamic equilibrium is set up between the zinc metal and the Zn2+ ions in solution when the rate at which ions are leaving the metal is equal to the rate at which they are joining it again (Figure below).
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Zinc loses electrons to form positive ions in solution. The electrons accumulate on the metal surface.
The equilibrium reaction is represented like this:
Zn2+(aq) + 2e−  [image: image830.png]


 Zn(s)
(NOTE: By convention, the ions are written on the left hand side of the equation)

In the zinc half cell, the equilibrium lies far to the left because the zinc loses electrons easily to form Zn2+ ions. We can also say that the zinc is oxidised and that it is a strong reducing agent.

As the metal Zn is negative charged and the dissolution positive charged a potential difference arises between the surface of contact of the metal and the dissolution of its ions.

The potential difference between the metal and the solution of metals ions is called the metal`s electrode potential.

At the copper electrode, a similar process takes place. The difference though is that copper is not as reactive as zinc and so it does not form ions as easily. This means that the build up of electrons on the copper electrode is less (Figure below).
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The copper ions receive electron and is deposited as copper on the copper electrode.

The equilibrium reaction is shown like this:

Cu2+(aq) + 2e−  [image: image833.png]


Cu(s)

The equation lies far to the right because most of the copper is present as copper metal rather than as Cu2+ ions. In this half reaction, the Cu2+ ions are reduced.

The emf of an electrochemical cell can be measured experimentally. 

We don't need to be able to measure the absolute voltage between the metal and the solution. It is enough to compare the voltage with a standardized system called a reference electrode. The system used is called a standard hydrogen electrode (the reference electrode which is used to measure all other electrode potentials).
The standard hydrogen electrode looks like this:

[image: image975.emf]
As the hydrogen gas flows over the porous platinum, equilibrium is set up between hydrogen molecules and hydrogen ions in solution. The reaction is catalyzed by the platinum.

2H+ (aq) +2e- [image: image835.png]


 H2(g)
The double arrows show that the reaction is reversible.

This is the equilibrium that we are going to compare all the others with.
Definition: Standard hydrogen electrode

The standard hydrogen electrode is a redox electrode which forms the basis of the scale of oxidation-reduction potentials. The standard electrode potential is said to be zero at all temperatures so that it can be used as for comparison with other electrodes. The hydrogen electrode is based on the following redox half cell:

2H+(aq) + 2e− [image: image837.png]


 H2(g)
Standard conditions

The position of any equilibrium can be changed by changing conditions. That means that the conditions must be standardized so that you can make fair comparisons.
· The hydrogen pressure is 101,3kPa (1 atm). 
· The temperature is 298 K (25°C).
· The concentration of the hydrogen ions in solution is also important. Changing concentrations is one of the ways of changing the position of equilibrium. Throughout this topic, all ions concentrations are taken as being 1 mol·dm-3.
Under this standard conditions this half- cell is assigned an electrode potential of 0,00 V. 

The electrode potential of a half-cell measured against the standard hydrogen electrode under standard conditions (temperature, pressure and concentration) is the standard electrode potential of that half-cell, E0, measure in Volts (V). 
The standard electrode potential for a half-cell reaction is the voltage measure under standard conditions when the half-cell is connected to a standard hydrogen electrode to form an electrochemical cell.  
The emf of a cell can be calculated using the following equation.
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This equation is also used to predict if a certain redox reaction will be spontaneous if 
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If the reaction is not spontaneous, it can still take place if energy is supplied from an outside source, for example heating or supplying electrical energy. 
The sing in front of [image: image841.png]


changes the sing of the reduction potential since at the anode oxidation takes place.

Another way to determine the emf of a cell is the following:
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The values are taken from the table for standard electrode potentials.
The sign given for the electrode potential of the electrode being standardized is the sign of the voltmeter terminal to which it has to be connected in order for the voltmeter to register correctly.
Example 1 Calculating the emf of a cell (Siyavula grade 12 page 143)

Question: The following reaction takes place:

Cu(s) + Ag+(aq) [image: image844.png]


 Cu2+(aq) + Ag(s)

1. Represent the cell using standard notation.

2. Calculate the cell potential (emf) of the electrochemical cell.

Answer

Step 1 : Write equations for the two half reactions involved
Cu2+ + 2e−  [image: image846.png]


 Cu (Eo = 0.16V)

Ag+ + e−  [image: image848.png]


Ag (Eo = 0.80V)

Step 2 : Determine which reaction takes place at the cathode and which is the anode reaction.
Both half-reactions have positive electrode potentials, but the silver half-reaction has a higher positive value. In other words, silver does not form ions easily, and this must be the reduction half-reaction. Copper is the oxidation half-reaction. Copper is oxidised, therefore this is the anode reaction. Silver is reduced and so this is the cathode reaction.

Step 3 : Represent the cell using standard notation
Cu|Cu2+(1mol.dm−3)||Ag+(1mol.dm−3)|Ag

Step 4 : Calculate the cell potential 
E0(cell) = E0 (cathode) - E0 (anode)

= +0.80 - (+0.34)

= +0.46 V

THE MEANING OF E0 VALUES
In a redox reaction there is a competition for electrons. The E0 values are a measure of how easy a reduction or oxidation take place. 

· The more positive the E0 value is, the greater the tendency for this half-equation to proceed in a forward direction (undergo reduction), or the easier it is to reduce the substance in the left of the half-equation.

· The less positive the E0 value is, the easier it is to oxidize the substance on the right of the half-equation.
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. The positive value indicates that the redox reaction takes place spontaneously.
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. The negative value indicates that the redox reaction can not take place spontaneously.

Table of standard electrode potentials

The values of standard electrode potentials determined experimentally are related on a table called standard electrode potential. 

In the table of standard potentials, the redox pairs are written according to the following sketch.  oxidized agents + ne-[image: image854.png]


 reduced agents   E0.  

From the table for standard electrode potential we can deduce the following information:

·  Substances on the left side of the double arrows are the oxidizing agents.

·  Substances on the right side of the double arrows are the reducing agents.

· If the reaction is read from left to right it will represent the reduction half reaction. Example: Ba2+ + 2e-[image: image856.png]


 Ba

· If the reaction is read from right to left it will represent the oxidation half reaction. Example: Pb[image: image858.png]


 Pb2+ +2e-
· Positive values of E0 indicate half reactions where electrons are received easier by the substances Negative values of E0 indicate half reactions where electrons are given off easier by the substances.

The standard electrode potential table is us mainly to calculate the emf of electrochemical cells and also to predict the occurrence of chemical redox reactions.

The standard electrode potential table can be used in two different ways to predict whether a reaction will be spontaneous or not.

First method: The reactive strengths of the oxidizing and reducing agents that are present are studied and decided accordingly. 

When this method is used, the following procedure must be follow:

· To determine which of the reacting substances are reducing agents and which are oxidizing agents.

· To determine which of the substances are the strongest oxidizing and reducing agents.

· Under standard conditions a reducing agent will spontaneously react with any oxidizing agent.

Second method: The value of the emf of a cell is calculated if the value is positive the reaction will be spontaneous and for negative values it is not spontaneous.

When this method is used, the following procedure must be follow:

· The reactant that undergoes reduction is where the half reaction is read from left to right. Reduction takes place in the cathode.

· The reactant that undergoes oxidation is where the half reaction is read from right to left on the table. Oxidation takes place in the anode.

· Acquire the values and set them the equation
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        and solve it. For [image: image861.png]E®, = 0 (positive) the reaction is spontaneous



 and for      [image: image863.png]0



 (negative) it is not spontaneous.
The half reaction with greater electrode potential will occur in the direction of reduction (from left to right) and the half reaction with less electrode potential will occur in the direction of oxidation (from right to left).

For Example in the case of Zn-Cu cell, the half equations that represent the correspondent reactions are the following:

Cu2+(aq)+ 2e-[image: image865.png]


 Cu(s)                        E0 = + 0,34 V

Zn2+(aq) + 2e-[image: image867.png]


 Zn(s)                        E= - 0,76 V

The fact that the electrode potential of the redox pair Cu(s)/Cu2+(aq) is greater that the electrode potential of the redox pair Zn(s)  /Zn2+(aq) indicates that:

· The Cu2+(aq) ions are reduced with greater facility than the Zn2+(aq) ions. The Cu2+(aq) ions act as oxidizing agents.

· Zn is oxidized with greater facility than Cu. Zn acts as reducing agent.

These results are in correspondence with the redox process that is produced during the functioning of the Zn-Cu cell. In this cell the half equations are:

Cathode

Cu2+(aq)+ 2e-[image: image869.png]


 Cu(s)          (reduction)

Anode

Zn(s)[image: image871.png]


Zn2+(aq) + 2e-           (oxidation)
EXAMPLES OF PROBLEMS ON   PREDICTION OF THE CHEMICAL REACTIONS MAKING USE OF THE TABLE OF THE STANDARD POTENTIALS
Example 1 Siyavula  Grade 12 page 139

Question: Is magnesium able to displace silver from a solution of silver nitrate?

Answer

Step 1 : Determine the half-reactions that would take place if magnesium were to displace silver nitrate. 

The half-reactions are as follows:

Mg2+ + 2e− [image: image873.png]


 Mg

Ag+ + e− [image: image875.png]


 Ag
Step 2 : Use the table of electrode potentials to see which metal forms ions more easily.

Looking at the table of standard Electrode Potentials for the magnesium and silver reactions:

For the magnesium half-reaction: Eo  = -2.37 V

For the silver half-reaction: Eo = 0.80 V

This means that magnesium is more easily oxidised than silver and the equilibrium in this half-reaction lies to the left. The oxidation reaction will occur spontaneously in magnesium. Silver is more easily reduced and the equilibrium lies to the right in this half-reaction. It can be concluded that magnesium will displace silver from a silver nitrate solution so that there is silver metal and magnesium ions in the solution.

Example 2

We want to know if zinc metal can be oxidised if we put it into contact with an aqueous solution of nickel (II) sulphate whether c(NiSO4 )aq = 1 mol·dm-3
Solution

To answer this question we need to write the half equations that corresponds with the redox pares. 
Ni2+(aq) + 2e- [image: image877.png]


 Ni (s)  


E0= - 0,27 V

Zn+ (aq) +2e- [image: image879.png]


 Zn (s)    


E0= - 0, 76V
The redox pair  Ni2+(aq)/ Ni (s) has higher reduction potential, hence the Nickel ions are reduced and act as oxidising agent:
Reduction process (cathode)
Ni2+(aq) + 2e- [image: image881.png]


Ni (s)  
The metal Zinc is oxidised and acts as reducing agent 



 Zn (s)  [image: image883.png]


 Zn+ (aq) +2e- 
When we add side by side both half equations we determine the net equation
 that represents the redox process that occurred.

Zn (s)  +Ni2+(aq) [image: image885.png]


 Zn+ (aq) + Ni (s)  
The electrode potential deference in this case is

ΔE0 = E0cathode - E0anode

ΔE0 = -0,27 V – (-0,76V)

ΔE0 = + 0,49 V
The positive value of ΔE0 shows that the analysis done is correct, therefore the aqueous solution of nickel sulphate with concentration of 1 mol.dm-3 oxidises the metal zinc.
Example 3
Can an object made of silver be oxidised when it is put into contact with an aqueous solution of copper (II) nitrate? The concentration of Cu(NO3)2 is 1 mol.dm-3.
Solution

The half equations are:

Ag+(aq) + 1 e-[image: image887.png]


 Ag (s)


E0= +0,80 V

Cu2+ + 2e-[image: image889.png]


 Cu(s)



E0= +0,34 V

The half reaction that corresponds to the redox pair Ag+(aq)│ Ag(s) has higher reduction potential, therefore the reaction cannot occur in the direction of oxidation.

Alternatively, if the silver metal would be oxidised, the redox pair Ag+(aq)│Ag(s) would act as anode and the ΔE0 would be: 

ΔE0 = E0cathode - E0anode

ΔE0 = -0,34 V – (+0,80V)

ΔE0 = - 0,46 V

This indicates the oxidation process of the silver object in contact with the aqueous solution of copper (II) nitrate is not spontaneous, that corresponds with the analysis done.
1.4
What happens to the mass of the Copper electrode?

1.5. What is the function of the salt bridge?

1.6. Write down the net reaction.

1.7. Will electrons move from the Zinc to Copper or from Copper to Zinc in the external circuit (wire/conductor)?

1.8. Represent this galvanic cell using the scientific notation.

Solution

1.1. Oxidation occurs at the zinc electrode. Zn electrode loses electrons.

1.2. Reduction occurs at the Copper electrode. Cu2+ gains electrons.

1.3. The mass of the Zinc electrode decreases.

1.4. The mass of copper electrode increases.

1.5. The salt bridge completes the circuit by connecting the electrolytes in the half cells allowing ions to flow through without allowing the different solutions to mix and react and it helps to maintain electrical neutrality of the electrolytes in the half cells.  

1.6. Net reaction: Zn(s) + Cu2+ (aq) [image: image891.png]


 Zn2+(aq) + Cu(s)

1.7. Electrons move through the external circuit from Zn electrode (reducing agent) to cupper electrode (oxidizing agent (Cu2+).

1.8. 

Zn(s) │Zn2+ (1 mol.dm-3) ││Cu2+ (1 mol.dm-3) │Cu(s)

ELECTROLYTIC CELLS:  ELECTROLYSIS. 
An electrolytic cell is a type of cell that uses electricity to drive a non-spontaneous reaction.
An electrolytic cell is activated by applying an electrical potential across the anode and cathode to force an internal chemical reaction between the ions that are in the electrolyte solution.
When electricity flows through an electrolyte (solution containing ions), the ions undergo a chemical reaction. This process is called electrolysis and it takes place in an electrolytic cell.

Then we can say that an electrolytic cell is a devise or apparatus in which electrolysis takes place.
1. ELECTROLYSIS

Definition: Electrolysis

In chemistry and manufacturing, electrolysis is a method of separating bonded elements and compounds by passing an electric current through them.

An electrolytic cell contains two electrodes in contact with an electrolyte and that brings about a chemical reaction when connected to an outside source of electricity. The electrodes are made of metal or carbon, and when connected to direct current, one electrode becomes positively charged, and the other becomes negatively charged. This initiates the movement of ions in the electrolyte toward the electrodes: positive ions move toward the negative electrode and negative ions move toward the positive electrode. A chemical reaction then takes place at each electrode, with ions changing from positive to negative (or vice versa), or becoming neutralized. 
[image: image892.png]2C1 —Cl(g+2  Na +e¢ — Na(s)




The reduction of the cations takes place on the cathode and the oxidation of the anions takes place on the anode.

A piece of filter paper is soaked in an ammonia-ammonium chloride solution and placed on a microscope slide. The filter paper is then connected to a supply of electric current using crocodile clips and connecting wire as shown in the diagram below. A line of copper chromate solution is placed in the centre of the filter paper.

The colour of this solution is initially green-brown.
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The current is then switched on and allowed to run for about 20 minutes. After this time, the central coloured band disappears and is replaced by two bands, one yellow and the other blue, which seem to have separated out from the first band of copper chromate.

Explanation:

• The cell that is used to supply an electric current sets up a potential difference across the circuit, so that one of the electrodes is positive and the other is negative.

• The chromate (
[image: image894.wmf]-

2

4

CrO

) ions in the copper chromate solution are attracted to the positive electrode, while the Cu2+ ions are attracted to the negative electrode.

Conclusion:

The movement of ions occurs because the electric current in the outer circuit sets up a potential difference between the two electrodes.

Two copper electrodes are placed in a solution of blue copper sulphate and are connected to a source of electrical current as shown in the diagram below. The current is turned on and the reaction is left for a period of time.
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Observations:

• The initial blue colour of the solution remains unchanged.

• It appears that copper has been deposited on one of the electrodes but dissolved from the other.

Explanation:

• At the negative cathode, positively charged Cu2+ ions are attracted to the negatively charged electrode. These ions gain electrons and are reduced to form copper metal, which is deposited on the electrode. The half-reaction that takes place is as follows:

Cu2+(aq) + 2e− 
[image: image896.wmf]®

 Cu(s) (reduction half reaction)

• At the positive anode, copper metal is oxidised to form Cu2+ ions. This is why it appears that some of the copper has dissolved from the electrode. The half-reaction that takes place is as follows:

Cu(s) 
[image: image897.wmf]®

Cu2+(aq) + 2e− (oxidation half reaction)

• The amount of copper that is deposited at one electrode is approximately the same as the amount of copper that is dissolved from the other. The number of Cu2+ ions in the solution therefore remains almost the same and the blue colour of the solution is unchanged.

Conclusion:

In this demonstration, an electric current was used to split CuSO4 into its component ions, Cu2+ and 
[image: image898.wmf]-
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 . This process is called electrolysis.

Electrolysis is a very important process where the use of an electric current brings about   chemical change. Electrolysis has many applications in industry. 
DECOMPOSITION OF COPPER CHLORIDE (CUCL2).
One example of it is the decomposition of copper (II) chloride which has commercial importance. The copper used in wiring, in coins and for other purposes is purified by electrolysis.

[image: image976.png]Q4




The sketch shows what happens when an aqueous solution of concentrated copper (II) chloride is electrolysed.
Using the standard potential table it is possible to find all the oxidation and reduction reactions that require the smallest potential. In this case Cu+ ion is more easily reduced because it has higher potential (E0= + 0,34 V) than water (E0= -0,83 V). At the cathode reduction of Cu+ takes place. At the anode two oxidations are possible. Cl-(aq) to to Cl2(g) and H2O to O2(g) even though chlorine ions are oxidised faster than water.

  The half reactions are:

Oxidation (anode): 2Cl-(aq) [image: image900.png]


Cl2(g) + 2e-
Reduction (cathode): Cu2+(aq) + 2 e [image: image902.png]


 Cu

Net reaction: Cu2+(aq) + 2Cl-(aq) [image: image904.png]


 Cu(s) + Cl2(g)

ELECTROPLATING.
Electroplating is an important application of electrolysis. (Electroplating is a plating process in which metal ions in a solution are moved by an electric field to coat an electrode). Electroplating consists of depositing a thin layer of a metal on another like gold or silver over an inferior material like iron, either for protection or for the sake of appearance. Typically, a brass or nickel object is coated with a layer of silver by making use of electrolysis of a silver solution, using the object to be coated as the cathode:

The anode consists of pure metal, and the cathode is the object to be plated. The electrolyte has to contain ions of the metal to be plated. 

[image: image905.png]Object
(Cathode)

Siiver rod
(Anode )





In the above figure, the metal to be deposited is silver and is used as anode. The object to be plated is used as cathode. When the current flows through the electrolyte (silver nitrate), the silver rod continuously dissolves into the solution and gets deposited on the object.
The reactions are:

At the anode (oxidation): Ag [image: image907.png]


 Ag+ + e-
At the cathode (reduction): Ag+ + e-[image: image909.png]


 Ag
During the process, the concentration of silver in the electrolyte remains constant, as the rate of reduction at the cathode (which is the rate of deposition of silver on the object) is the same as the rate of reduction at the anode (which is the rate of dissolution of the silver at the anode).

During electroplating the anode will gradually corrode, while the cathode becomes coated with a silver layer.
The refining of copper

Copper is widely used to make electrical wiring and in other applications that utilize its high electrical conductivity. Crude copper is not suitable to serve in electrical applications because impurities greatly reduce the metal's conductivity. A purity > 99.7% is therefore required these applications. Purification of copper is achieved by electro-refining. Large slabs of crude copper serve as the anodes in the cell, and thin sheets of pure copper serve as the cathodes.
When copper is first obtained by reduction of its ores, it is cast as impure slabs or ingots, called blister copper. In the electro-refining process, the blister ingots are used as anodes in an electrolytic cell, where an acid solution of copper (II) sulphate is used as electrolyte (CuSO4). Application of a suitable voltage to the electrodes causes oxidation of copper metal at the anode and reduction of Cu2+ to form copper metal at the cathode. This strategy can be used because copper is both oxidized and reduced more readily than water. Initially, the cathodes consist of thin sheets of pure copper.

[image: image977.png]Q,




During electrolysis, copper passes into solution from the anodes, (leaving the impurities, normally containing silver, gold and platinum) as an anode slime, which sinks to the bottom of the cell (figure on the left). The anode reaction is
Cu(s)[image: image911.png]


 Cu2+ (aq) + 2 e-
At the cathode, copper (II) ions are discharged and the pure copper sheet becomes coated with an increasingly thick layer of very pure copper:

Cu2+(aq) + 2 e [image: image913.png]


 Cu(s)

Example1

In industry, pure potassium can be obtained during the electrolysis of potassium chloride. The following sketch shows an electrolytic cell where electrolysis of molten potassium chloride takes place.
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1.1- Indicate the anode and the cathode.

1.2- In which electrode the oxidation takes place?

1.3- To which electrode the K+ ions move?

1.4- Write the reduction and oxidation half equation.

1.5- Write the net equation.
Solution

1.1. Anode positive electrode (A), and negative electrode is the cathode (B)

1.2. Oxidation takes place at the anode.

1.3. The K+ ions move towards the cathode which is the negative electrode

1.4. Reduction (cathode)

K+ + e-  [image: image915.png]


 K

Oxidation (anode): 2Cl-  [image: image917.png]


 Cl2 + 2 e-
1.5 K+ + e-[image: image919.png]


 K        │x2

      2Cl-(aq) [image: image921.png]


Cl2(g) + 2 e-
Adding both half reactions we get the net equation.

   2 K+ + 2Cl-   [image: image923.png]


  2K (s) + Cl2(g)
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 20 minutes
Question 1

Complete the following table to summarize the differences between galvanic cell and electrolytic cell.

	Item
	Galvanic cell
	Electrolytic 

	Metal used for electrode
	
	

	Charge of the anode
	
	

	Charge of the cathode
	
	

	The electrolyte solution/s
	
	

	Energy changes
	
	

	Applications
	
	


Possible solution

[image: image926.png]Item

Galvanic cell

Electrolytic cell

Metals used for electrode

Two metals with different
reaction potentials are used
as electrodes

The same metal can be
used for both the cathode
and the anode

Charge of the anode

negative

positive

Charge of the cathode

positive

negative

The electrolyte solution/s

The electrolyte solutions
are kept separate from one
another, and are connected
only by a salt bridge

The cathode and anode are
in the same electrolyte

Energy changes

Chemical potential energy
from chemical reactions is
converted to electrical en-

ergy

An external supply of elec-
trical energy causes a chem-
ical reaction to occur

Applications

Run batteries

Electrolysis e.g. of water,

NaCl





Question 2

The diagram below represents a cell that can be used to electroplate an iron key with a thin layer of copper to improve its quality.

[image: image979.png]Foy




2.1
What type of electrochemical cell is used for electroplating?

2.2
Which one of P or the KEY is the anode in this cell? 

2.3
Write down the following:

2.3.1
NAME or SYMBOL of the element of which electrode P is composed.

2.3.2
NAME or FORMULA of the electrolyte that has to be used to achieve the desired results. 

2.4
Switch S is now closed.  Write down the visible changes that will occur at the following:

2.4.1
Electrode P

2.4.2
The key
2.5  Write down the equation for the half-reaction to support the answer to QUESTION 2.4.2.

2.6  How will the concentration of the electrolyte change during the electroplating process?  Write down only INCREASES, DECREASES or REMAINS THE SAME.

2.7 You want to coat the Key with silver instead of copper.  State TWO changes that you will make to the above cell to obtain the key coated with silver.


Solution
2.1
Electrolytic cell

2.2
P

2.3.1
Copper (Cu)

2.3.2
Copper (II) sulphate (Cu SO4 (aq))

2.4.1
Copper anode becomes thinner or P electrode / Copper metal bar becomes eroded /pitted/ smaller / thinner / eaten away 

2.4.2
A copper layer forms on the key or A brown metal deposited on the surface of the iron key.

2.5 
Cu2+ (aq) + 2e- → Cu(s) 

2.6
Remains the same. 

2.7

Replace the copper solution with a silver solution.

Replace the copper bar (electrode) P (anode) with a silver bar.

THE RECOVERY OF ALUMINIUM METAL FROM BAUXITE
Aluminium is obtained by the electrolytic reduction of its molten oxide, alumina (Al2O3). Alumina is produced from bauxite ores using and electrolytic cell. 
[image: image980.png]



The electrolytic cell (figure on the left) has carbon anodes and a carbon cathode which forms the lining of the tank in which the electrolysis takes place. Carbon dioxide is formed at the anodes, and aluminum at the cathode. The procedure is known as the Hall-Héroult process.

The Hall-Héroult process is used all over the world, it is the only method of aluminium smelting currently used in the industry. The Hall-Héroult process is used in South Africa to produce aluminium. 

The extraction of aluminium process can be summarized as follows

· The first step in extracting aluminium is to remove it from the Earth in mining. This is relatively simple given the abundance of the material. However aluminium is never found isolated in the Earth (due to its reactivity) but instead it is found bound to other elements in compounds.
·  Bauxite ore (from Australia) is a mixture of Al2O3 and impurities. 

·  The bauxite then has to be purified using the Bayer process, aluminium oxide (Al2O3) is  separated from the Bauxite using sodium hydroxide.

· The aluminium oxide (alumina) is dissolved in molten cryolite, Na3AlF6 which lowers the   melting point to a workable temperature of about 980º C, this is much lower than the temperature required to melt pure aluminium oxide (Al2O3 has a melting point of 2 050ºC). So more energy is saved.
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· The molten mixture is then electrolysed in a rectangular steel carbon lining, which serves as cathode. Anode is set up of thick carbon rods suspended from the top into the fused Al2O3. 

      Cathode half-reaction:       Al3+ + 3e-   →    Al (l) ……………………x4

      Anode half-reaction:            2O2-    →   O2(g) + 4e- …………………..x3

      Nett reaction:                   4 Al3+ + 6 O2-  →  4 Al (l) + 3 O2(g)

       Overall reaction:      2Al2O3    →  4 Al (l) + 3 O2(g)

· The aluminium formed at the cathode sinks to the bottom of the tank and it is collected periodically.

· At high temperatures oxygen reacts slowly with the carbon anodes to form CO2 and these have to be replaced periodically.

Disadvantages

· Pollution - burning coal releases CO2 (greenhouse gas) and produces SO2 which causes acid rain. 

· Pollution - impurities contaminates water supplies.

· Large amount of electricity needed which depletes the earth’s coal reserves (a non-renewable resource).

Advantage 

· The recycling of aluminium assists in sparing non-renewable energy resources and reduces global warming.

Socio-economic impact

· Extraction is extremely expensive - electrical energy is required for the electrolysis and to keep the electrolyte in a molten state.

Aluminium is strong but it does not rust (corrode) like iron.  
Example 1

Aluminium is the third most abundant element in the earth's crust, ranking only behind oxygen and silicon. It makes up about 9% of the earth's crust, making it the most abundant of all metals. Aluminium is the most widely used metal after iron, it is mostly used in an alloy with another metal, this means it is mixed with another metal to produce another compound that has a certain desirable characteristic. The primary commercial source for aluminium is the mineral bauxite. In South Africa aluminium is processed from bauxite brought from Australia. The sketch below shows the electrolytic cell used for the extraction of aluminium from bauxite.
[image: image981.png]



1.1
Which electrode M or N is the cathode? Give a reason for your answer.

1.2
Write down the half-reactions that occur at:

1.2.1
Electrode M

1.2.2
Electrode N
1.3
Write a balanced equation for the net redox reaction which occurs in the cell.

1.4
Why the aluminium oxide (alumina) is dissolved in molten cryolite?

1.5
Carbon dioxide (CO2) is released at the anode during the process. What effect does the forming of carbon dioxide produce on the mass of the anode? 

Solution

1.1 Electrode N is the cathode because reduction takes place at the cathode which is the negative electrode. 

1.2.


1.2.1
Electrode M (Anode) half-reaction:            2O2-    →   O2(g) + 4e-    ....x3
1.2.2 
Electrode N (cathode) half-reaction:       Al3+ + 3e-   →    Al (l) ……x4

 1.3     

2O2-    →   O2(g) + 4e-    ....x3





Al3+ + 3e-   →    Al (l) ……x4

Nett reaction:                   4 Al3+ + 6 O2-  →  4 Al (l) + 3 O2(g)

1.4
Cryolite, Na3AlF6 lowers the melting point to a workable temperature of about 980º C.

1.5
 The mass of the anode decreases
THE FIVE MAJOR STEPS IN RECOVERING ALUMINA FROM BAUXITE
Step 1. Crushing and Grinding: Alumina recovery begins by passing the bauxite through screens to sort it by size. It is then crushed to produce relatively uniformly sized material. The ore is then fed into large grinding mills and mixed with a caustic soda solution sodium hydroxide at high temperature and pressure.
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STEP 2- Digesting: The slurry is pumped to a digester where the chemical reaction to dissolve the alumina takes place. In the digester the slurry - under 50 pounds per square inch pressure - is heated to 300 °Fahrenheit (145 °Celsius). It remains in the digester under those conditions from 30 minutes to several hours.
[image: image928.png]



More caustic soda is added to dissolve aluminium containing compounds in the slurry. Undesirable compounds either don't dissolve in the caustic soda, or combine with other compounds to create a scale on equipment which must be periodically cleaned. The digestion process produces a sodium aluminate solution.
[image: image985.png]Q-



STEP 3- Settling: Settling is achieved primarily by using gravity, although some chemicals are added to aid the process. The impurities in the slurry - things like sand and iron and other trace elements that do not dissolve - will eventually settle to the bottom. 

The liquor at the top of the tank is now directed through a series of filters. After washing to recover alumina and caustic soda, the remaining red mud is pumped into large storage ponds where it is dried by evaporation.
The alumina in the still warm liquor consists of tiny, suspended crystals

The liquor is purified through filters. The material caught by the filters is known as a "filter cake" and is washed to remove alumina and caustic soda. The filtered liquor - a sodium aluminate solution - is then cooled and pumped to the "precipitators." 
STEP 4-Precipitation: The clear sodium aluminate from the settling and filtering operation is pumped into these precipitators. 
[image: image986.png]Qs




Fine particles of alumina - called "seed crystals" (alumina hydrate) - are added to start the precipitation of pure alumina particles as the liquor cools. Alumina crystals begin to grow around the seeds, then settle to the bottom of the tank where they are removed and transferred to "thickening tanks." Finally, it is filtered again then transferred by conveyor to the "calcination kilns."
[image: image987.png]+2X107°C



STEP 5 -Calcination: Calcination is a heating process to remove the chemically combined water from the alumina hydrate. That's why, once the hydrated alumina is calcined, it is referred to as anhydrous alumina. "Anhydrous" means "without water." 

From precipitation, the hydrate is filtered and washed to rinse away impurities and remove moisture. A continuous conveyor system delivers the hydrate into the calcining kiln.

The result is a white powder like that shown below: pure alumina. The caustic soda is returned to the beginning of the process and used again. 

South Africa does not mine any bauxite- however it is expanding its aluminium smelting industry, based on imported alumina and cheap electrical power. South Africa uses bauxite from Australia.
PRODUCTION OF CHLORINE. THE CHLOROALAKI INDUSTRY
Production of chlorine
Chlorine is one of the most reactive and toxic elements that exists, making it very eager to react with other elements and molecules. Because of its highly reactive nature, chlorine gas is very dangerous and can easily overwhelm even the most experienced of chemists. As a result, it is best to not attempt to isolate chlorine unless the utmost care is taken to ensure that none of it is inhaled by anyone or anything, since death is a likely result.
      At room temperature, chlorine takes the form of a yellowish-green gas. Chlorine gas is diatomic so atoms pair up to form small molecules. It is best to keep it in a sealed reaction system so that the gas cannot escape. To absorb the excess chlorine, you can attach the reaction flask to a flask containing some lye dissolved in water.
Chlorine has many applications it is used to treat water and sewage and in the production of organic chemical, such as pesticides and vinyl chloride, the building block of plastics called PVCs (polyvinyl chloride).

There are three different electrolysis methods to convert aqueous NaCl to Cl2(g) and NaOH:

· Diaphragm process
· The mercury process.

· Membrane process

The mercury process produces high purity sodium hydroxide an Cl2 gas, however this method has enormous problems with mercury pollution. As a consequence mercury electrolysis cells have been substituted by other methods. 
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The diaphragm cell
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A very simple diagram of a diaphragm cell is shown in figure on the right.
The diaphragm is made of a porous mixture of asbestos and polymers. The solution can seep through it from the anode compartment into the cathode side.

Asbestos and polymers which make up the diaphragm are readily abundant and cheap and make the production of chlorine by the diaphragm method an economically advantageous process.
Diaphragm cell has also disadvantages:

Use of asbestos, high steam consumption for caustic concentration in expensive multistage evaporators, low purity caustic, low chlorine quality, cell sensitivity to pressure variations

THE MEMBRANE CELL
A direct current is used in the electrolysis of a saturated, aqueous solution of sodium chloride (brine) to form a chlorine gas, hydrogen gas and sodium hydroxide.

The Membrane cell is the latest and most modern system of electrolysis (figure on the right). This is the preferred industrial method for the preparation of chlorine and sodium hydroxide. Very pure product NaOH is obtained, with minimal effects on the environment. The energy requirements of this cell are said to be more advantageous than with the diaphragm or mercury cells.
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In the membrane process, the anode and cathode compartments are separated by an ion exchange membrane (made from a polymer) that allows water and sodium ions to diffuse through, but not negative (Cl- and OH-). In the anode compartment, chloride ions migrate to the anode, where they are discharged to form chlorine gas. The anode and the cathode are unreactive electrodes that can not react and can be used over and over. 

Ion exchange membrane electrolysis was first commercialised around 1980 and it is the cleanest and most energy efficient process (it permits about 95 % efficiency of power usage) for manufacture of Cl2 and caustic soda.

In the cathode compartment, hydrogen ions migrate to the cathode, where hydrogen is produced. Electrical neutrality is maintained by sodium ions moving through the membrane from the anode compartment to the cathode compartment.

At the anode, chloride ions are oxidised to chlorine gas:

2Cl-[image: image932.png]


 Cl2 + 2e-

H2O enters the cathode side and is broken down into H+ and OH- . There is a high concentration of OH- ions around the cathode and a high concentration of Na+ ions around the anode.

Na+ move through the membrane to the cathode

At the cathode, water is reduced to form hydrogen gas and hydroxide ions (H+ ions are reduced to H2 that escapes):

2H2O +2 e-[image: image934.png]


 H2 (g) + 2OH-

Overall ionic reaction 

2Cl- + 2H2O[image: image936.png]


  Cl2 + H2 + 2OH-

The overall (net) reaction is:

2NaCl(aq) + 2H2O(l) [image: image938.png]


 2NaOH(aq) + H2(g) + Cl2 (g)

There is a need to keep all the products separated due to if Cl2 comes into contact with H2 it will produce an explosive mixture (violently forming HCl on exposure to sunlight or heat).

The membrane cell is designed so that all the products are kept separated.
Advantages of the membrane cell

Low total energy consumption, low capital investment, inexpensive cell operation, high purity caustic, insensitivity to cell load variations and shutdowns.
The Chlor-alkali industry is the biggest industry all over the world. The basis of this industry is the electrolysis of brine, a concentrated solution of sodium chloride (NaCl). 

Chlorine is manufactured by the electrolysis of a sodium chloride (NaCl) solution, producing sodium hydroxide (NaOH) and hydrogen (H2) as side products. The NaCl solution contains: 

· Sodium ions, Na+
· Chloride ions, Cl-
· Hydrogen ions (from water), H+
· Hydroxide ions (from water), OH-
Millions of tons of Chlorine and sodium hydroxide are produced every year which have a lot of uses because of their properties.
Properties of sodium hydroxide (caustic soda)

· A white hydroscopic (absorb water vapour) solid.

· Very corrosive to the skin and can cause a serious burns

· A soluble base and therefore called alkali

Uses of sodium hydroxide (NaOH)

· Neutralising agent

· Removes gases such as SO2 and CO2 and prevents their release into the atmosphere.
· Production of soap and bleaching agent.

· Production of paper 

· Removes fatty acids from animals and vegetable oils

· Water purification

· Production of textile substances, e.g. cotton an artificial silk

Properties of chlorine gas (Cl2)

· A poisonous yellowish-green gas

· Toxic when birthed and can cause serious lung damage

· A highly oxidising agent 

Uses of chlorine ( Cl2)

· Bleaches fabric, wood and paper

· Manufacture of chemicals like plastics, beaching powder, hydrochloric acid, paints and insecticides.

· Water purification because it kills bacteria

· For the extraction of copper, gold and titanium

· Solvent and antifreeze agent 

Properties of hydrogen gas (H2)

· Colourless flammable gas 

Uses of hydrogen

· Making nylon

· Hardening vegetable oils for margarine

· Making hydrogen peroxide for bleaching

· To produce hydrochloric acid

· To produce ammonia for fertilizer

· Fuel for rockets

· For welding
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Flow diagram for the membrane cell
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The following simplified diagram represents a membrane cell.
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1.1
Why the membrane cell is the preferred industrial method for the preparation of chlorine and sodium hydroxide?

1.2
Why unreactive electrodes are used in this process?

1.3
Identify the anode and the cathode and explain the reason of your selection.  

1.4.
What is the function of the membrane?

1.4
Identified the product label by A and give some uses of it.

1.5
Write the anode reaction.

1.6
Write the cathode reaction.

1.7
 Write the net cell reaction

1.8
Write the equation for the complete reaction.

Solution

1.1. Using the membrane cell there is less pollution, it produces a much more products and less cost.

1.2. They will not react and can be use over and over.

1.3. Titanium electrode is the anode because oxidation occurs and chlorine gas is produced.

        Nickel electrode is the cathode because reduction occurs and H2(g) is produced  

1.4. The selective ion permeable membrane separates the anode and the cathode compartment and allows only positive cations (Na+ ) to migrate from the anode compartment to the cathode compartment without allowing any of the negative ions (Cl- and OH-) to pass through.
1.5. 
2Cl-(aq) 

 2Cl(g) + 2e-
1.6. 
2H2O(l) + 2e- 


 H2(g) + OH-(aq)
2.7. 
2Cl-(aq) + 2H2O(l) 
 

 2Cl(g) + H2(g) + OH-(aq)
2.8. 
2NaCl(aq) + 2H2O(l) 
 

 2Cl(g) + H2(g) + NaOH(aq)
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In the Zinc half cell the following reaction take place:  Zn(s)� QUOTE � ��� Zn2+(aq) +2e-


In the Copper half cell the following reaction take place:  Cu2+(aq) +2e-� QUOTE � ��� Cu(s)


1.1	In which electrode does oxidation occur? Explain.


1.2	In which electrode does reduction occur? Explain.


1.3	What happens to the mass of the Zinc electrode? 
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The resulting liquor contains a solution of sodium aluminate and undissolved bauxite residues containing iron, silicon, and titanium. These residues - commonly referred to as "red mud" - gradually sink to the bottom of the tank and are removed.
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