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 i 

Purpose of this Document 

 
This document is intended to serve as a resource for 

teachers and learners. It provides notes, examples, problem-

solving exercises with solutions and examples of practical 

activities. 

 

 

How to obtain maximum benefit from this 

resource 

 
This resource contains many problem-solving exercises, 

quantitative-type questions and qualitative-type questions. 

The reason for this is that learners can improve their 

understanding of concepts if given the opportunity to 

answer thought provoking questions and grapple with 

problem-solving exercises both in class, as classwork 

activities and outside the classroom as homework activities.  
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APPENDIX 1: Dielectric

If  the molecules in dielectric have a permanent dipole 

moments, they will align with the electric field as shown in 

the diagram. This results in a negative charge on the surface 

of the slab near the positive plate and a positive charge on 

the surface of the slab near the negative plate. Since electric 

field line start on positive charges and terminate on negative 

charge, it is clear that  fewer electric field lines exist 

between the plates and there is a reduced field,    ,  in the 

dielectric which is characterized with a dimensionless 

constant called the dielectric constant,

E

κ
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• Close S1 (charging)

• Observe the readings on the voltmeter and ammeter

– conclusion 

• After a few minutes how does the voltmeter reading 

compare with the source voltage.

• After a few minutes open S1, and close S2 (discharging)

• Observe the readings on the voltmeter and ammeter

– conclusion

• After a few minutes short out the cap to completely drain

it (re-setting)
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 m a g n e t ic  f ie ld ,  te s la  (T )
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As the ���� is rotated from the position 1 (        ) to 

2 (          ) the flux (involving vectors A and B) is 

positive and decreasing. 

0oφ =
9 0 oφ =

0  a n d  0ε∆ Φ � �

I

B

A

 i s  th e   b e tw e e n   (G re e n  V e c to r)  a n d   A Bφ ∠

BA

1

2

3

4

������
���
����	���

ε
t

0
oφ =

9 0 oφ =

@�������
��
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As the ���� is rotated from the position 2 (         ) 

to 3 (              ) the flux is negative and increasing.

90
oφ =

1 8 0 oφ =

0  a n d  0ε∆ Φ � �

ε
t
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As the ���� is rotated from the position 3 (           ) 

to 4 (              ) the flux is negative and decreasing.
180

oφ =
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As the ���� is rotated from the position 4 (           ) 

to 1 (              ) the flux is positive and increasing.
270oφ =

3 6 0 oφ =

0  a n d  0ε∆ Φ � �
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s i nF I L B θ=

���)"��������"������3�������������

s i nr Fτ φ=
0F o r  = 9 0  i .e .  ,I B

F IL B

θ ⊥

=

L
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s i nN A I Bτ φ=

/���<����
�-

@����������&��-

m a x N A I Bτ =
 

 

 

��������(����

"
�1�2������	�����������

��������&����
���������


	�
�7������/���1�2�����������������������
���
������������


����������������
����	��	�����
�
��
�������������	�����
����
�


��
����
���	�����
�����
��	��0�������"
�������������
��	�
����� ���

���
�
��
���������
������������������
���		�������
�
��
�

����
������������	�����
����
���������
����
�
��
�������	�����
��

�
��������
�����
���
�	�
����
��  

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 21 

 
4
�
��$����2��������


4
�
��$����2��������


�������
���
���������
�
���	���		��	�
���
��������	�
��

����%$���
�������������������
�����������	��

�	�
������
���
�����
��
�		��������
�����������������

���������

�����������
������������	���������	���
���
�


����
���%	������		��������	�����	��

������	�)��%$�

/�
����������������	�
����	���
���
������������������
��

�	���
�����
�	���
����
��������������
�������	�

�������	��
����	���������
����������
��
����
���
�����

�$���
���������������	�
����������
�������������
���

�����	7�	�
���
���������0�
�����
���������� ����


���	����
��
���	�����
���$���
���������������
��

���	�
������%$���
��������
����
���������	�
���
�
�

��
���������
 

 

 �������������"�����

V

m a xV+

m a xV−

F�����������%$�
��
������

I

m a xI+

m a xI−

R
V

m a x

m a x

s i n

s i n

V
I

R

V
I t

R

I I t

ω

ω

=

=

=

m a x s i nV V tω=

m a x s inI I tω=

t

t

 

 

 
<���������G�� �
��"�� ���������)������������
�
����

	���	���
��������
������������
���	���������� ���G�

�
��"���%�����������	��
�����������������������������


�		���������� 1��������
��&�����2���������

0 2 4 6 8 1 0 1 2 1 4
0

0 . 1

0 . 2

0 . 3

0 . 4

0 . 5

0 . 6

0 . 7

0 . 8

0 . 9

1

2
V

t

2

m a x
V

2

m a x

2

V

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 22 

 
2 2 2

m a x

2
2 m a x

2
2 m a x

m a x

m a x

s i n

2

1

2 2

S im i la r ly :

1

2

a v

r m s a v

r m s

V V t

V
V

V
V V V

I I

ω=

=

= = =

=

m a x

1

2
r m s

V V=

m a x

1

2
r m sI I=

r m s r m s r m s
P I V=

 

 

 

"
��%��������
������	�����BBHG�1���2�%$�1:H�6)2��

'�����������������������������	����>

m a x 2

2 2 2 0

3 1 1 .1 3

r m sV V

V

V

= ×

= ×

= ���������

 

 

 


�����
�


 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 23 

 

)��&���	�

/�����
���	�
������
����������	�����������������
���
���	��
��������������		���������
��������������		��
�����������#�
�
���	�
������
����������������

 

 

 
)��&���	 

����ABHH����
�
��	��
����
������������
�������������


���A�A I AH,B �B�����������
������������������
������

������������
������������������������&������

:�J�< K �����
�����
��	�����	�
����
���H�BH������
���
�

���	���'�����������
����
���
�����
��	>

 

 

 

)��&���	"
%��&�����
��	���������
�
���
�
������
�	�����
�����	�
���

�
����
������H�B:������
���
����	���������������
��

�������L�
�������������	�
�������H��B�����
������


����
���
�����
��	����AB�%���������
���������
������

����������
���
����
���
���
���������������������

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 24 

 

)��&���	-

��������
��	���	����������������
��
����������
��


���������
����
�����" M E�NH�%��%��
���������
���
�

���	���������
��������		�	���������%0 �����������
�	�

�
�����������
���������A�JH����1�2�/�
������

���
�������
������
���
�����������
���
����
��

���������
���
������������������
�	���

1�2��������
���������
�������������
������
�

���������
���������
�	���

 

 

 

 

 

 

�������
����������������������������������	�
�����

/�����
�����
������&�����
��	�
�
���
�
������
�	��

	�������������/�����������������
��
�	���
��	�


�
���
�
������
�	��	�����������������
��	��
�����

�������
��
����
����'��
��	�
����
����������

���
���
����	��������������������
�����
�������

�������

��������������&����'�����������������

"�&����."
��
	� �������
����
���
������&�����
��	�

���������
�����
��
�	���
��	>

)��&���	.

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 25 

 
)��&���	/
%���
��������������&�����
��	�
�
�����
�����BEJ����
��

����
��	������������N9�A ���.� �
���H�ANH������
���


���	�����������������������������
����������N:�H G��

'�����������	�
��������
��������������
��	>

 

 

 
)��&���	0

����������������
����������������+�����
���
����	��

���������O�9 I AH,: ��
�����������������
���
���	���

"
����

��	�����������	��
��	�����������������������
�


��	������
������OH�H�6)��
��	�
���
�����'�������

������
�����
������������
��

1������������
 M H�HBB �B2����������
��	������

�������������
���
���� ��	��������ABH G>

 

 

 
)��&���	1

����
��	������
��
��
���
������������
�������������
�

���A�B I AH,B �B��
��
�
���������:HH����
�������
��	�

�������������
���H�A�������
���
����	���
�����������
��

����
��
��	�������������E ���.���'��������������

�
��
����
�����
��	���������
���
�����
�����
����	����

����	�����������
��
�	�����BNP ����������
��������

����
���
�����������
���
����	�>

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 26 

 

%
���� ����
��
����
���
�
��
��
��	������������A�AB���

	�
������������������
��
����������&��������
��
�	���

/�
�����������������
��������������
��
������ ���

����
��
����
��������

�����
�E�B:����
������	�
�	

H�AH:7�����
���
����	����������
��
�	�����������	�
�

�������	����

)��&���	2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 27 

 

������������"��


5���������$��������


)�"����� � ���
	�)	)��#	�)	
�
�����	�����
,	*	%�(

)*�
�
����� � ����������	��	�"��
��	)��#,	4	%�(


 2
$�
���"�
	�
�
��
���		

)
(- � ������
	$
��"�
�	#�
�	����
��	��	���	

�"�������	�"��
��	��	��	
/�
����	����"���

) &� � ������
	$
��"�
�	#�
�	����
��	��

�"�������	�"��
��	��	��	
/�
����	����"���

Q
I

t

∆
=

∆
11 1A C s −≡ ⋅

 

 

 

V
I

R
=

5��.
����

Black 0

Brown 1

Red 2

Orange 3

Yellow 4

Green 5

Blue 6

Violet 7
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4 7 0 0 4 . 7 kΩ = Ω
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A how to guide ….  9 STEPS
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STEP 3: Hypothesis
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STEP 4: Variables
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STEP 5: Procedure
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STEP 6: Materials
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STEP 7: Data tables
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STEP 9: Conclusion
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Note: One could use more than one cell.
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4 x (1.5 V) cells

5 Voltmeters
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4 x 1k � resistors
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3 5 0 Ω

+

−

6 0 Ω

1 0 0 Ω 3 0 Ω

4 

4�

4"

4-4.

( ("

(.

(-
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� �"

�-�.
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#"�
����
�

1. Compare A1 and A5. What can you conclude?

2. Compare A1 and A2 and A3. What can you conclude?

3. Compare A2 and A4. What can you conclude?

4. Compare A3 and A4and A5. What can you conclude?

5. Compare V1, V2 and V3. What can you conclude?

6. Compare V3, V4 and V5. What can you conclude?

7. Which voltmeter and ammeter reading would you use

determine the total resistance in the circuit.

 

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 39 

&��
��
���
��

�
�
������5	��������	��������	
��	����������
����	

 
 

 

6#��!378	�9	�()(�3!7��	�� 	
(�:��	
�

A�A� ���� �	����� ��� �� �����
�	��� ����		�	� �	���� 
���
����� ���� �

�������� "��

����
���
���

���������
���
�����)���>�L��	��
��� � ��� � ������������

�B!�

� � � � � � � �

A�B� C���
���������		�	7�	����
���
�������	�������
����
���
���

���$�����

�

�

�

�

�

�

%����	�
���
��������	������
�������	�
���
�
�
���
�κ ������
�������

������
������	������5��
���������������&�����
����������������


���
���

���������
���
������

��������� � � � �

� � � �:!�

�

A��� %�� �� 
����� ����	� ���� 	����
�
��� 
�
������ ���� ����
�� ��� ��� �
��

�	�������������		�	7�	����
���
������
����
	��������
��	����������::H���

�����������������	�����%���������������
������� ��� ���� 
	���� ��� ���

���������������������������&�������������H�:H�����
����������

�

+ + + + + + + + + + + + +

� � � � � � � �

o
E

oV

+ + + + + + + + + + + + +

� � � � � � � �

o
E

oV

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 40 

A���A� '�����������
���
���

����������
���
����>�� � �

� �B!�

A���B� 6��� ��
�� 
������ 
�
� ���� 
	���� ��	�� ������� ���� ���	�
���
�

����
��������������������
�������
����������1	����
�
�2�����	��>�

� ��!�

�

6#��!378	 9	�;��!�3�	�3��#3!�	���	
(�:��	
�

�

�

B�A� %� 
������ ��� 	����� ��	��� ���� ��� ��� 
�

�
���� ��� �� ��
�	�� �	�
���
�	�

���	����'�		�������	����������������������
���� ������������
�

�
����

�
������������
�����		�	>�'��>� � � � � � �

� � ��!�

�

B�B� Q����������������
��
�	��������������
����������������

�����4��Q�������

������ ��� 
�

�
�� ������ ����� ��������� ��� ����� ���� �&����	�
��

�������

�������������	��
��
����
����
����E4.��� � � �

� ������������B!�

�

�

�

�

�

�

�

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 41 

B��� C���
��������������L@/�BE���	�������
���
��
���
�	��������

�����BR��

'��
� ���� �������� ��� 
�

�
���� �
����� �� 
������� 1����
� ��	��2� ���

���
��
�	� ����������� ���� 
����
�� �
� ���� 
��
���� ��� B%�� �������
�� ����

�������

���������
�	������������ � � � � � �

� � ��O!������������� � � � � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

6#��!378	"9	�;��!�7$<8(
3��	�� 	
(�:��	
�

�

��A� ����
��	����������������
���������
��
�	������
���
��
��������������


����
���L�
�����������
������
���
����	���$��	�A�����������������:�H�
��

�
�����������
���H�AJ7�����	���$��	�B����������
���H�EB7�����	���L�
��
��	�

�������

�����������������������&����'������������������1�
�
�2����


��	�B>� � � � � � � � � �

� �E!�

�

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 42 

��B� %����
���
����	���

������������H����H�B���
�A�:���6�����
�����
�����

����� ���� 
������ �
� �� 
��
�	��� 
��	� ��� AB� 
�� ��������� ��� �����
�� �
�

�
��
���L@/����O�HG>� � � � � � � �

� � �E!�

�

���� %���
��
��	���
��	�B:�
������:�
������ABH����
��������
��	������
����
�

4@����	��������O:�G����
������������������
��
��	������������A9H����.��

�
������
���
����	���������
����0��/�
��������	������0�� � �

� �E!�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 43 

�

 

�7;7#�
=

�7;7#�	
3>38+

 

 

 

G����	��	�������������		�������������
���	����
��������
������	��������

���	����� ��������	�������λλλλ�����	��������	����� ����
�������		����λλλλ

A��"
�����
���


 

 

 

?����	����� 
�
���
���		�
�	����

L�
��
�	������
��������	���
�������
�����
�����
��
�
������
�������������
����	�
������
���������
��
�	����

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 44 

 
��������	�
�����
�����&��

�����	���������
��	�������

c f λ=

L����	��A $�	
�	������������	�
�������	���������������
���&��

�����O�× AHAE 6)

L����	��B $�	
�	�����������&��

�����	���������������
����	�
�������O:H�
�

1�C M���HH�×××× AHJ �.� 2
�
���
���

 

 

 B��4����
���
��
�����������
����D����

'��
���������������������
�������������
������
�
����
����������������������
���������������

�����
����1��
�2

?
���	��
���	%
��

��������
����������������
������
����
�����

��
����
������ ������������������
��������������

?
���	��
���	���*��

 

 

 

��������������
� 	����������
����������
�������
���	��������� ����
����
�����
�	����

D�������������������$3�)���34�

�������������	���� �
���
�������1��
��������

��
���2�����
����
 ����
����	�
����1�����
�	���2

L������
��	���������	�����
�����	������������
����	���

	����

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 45 

 ��%�
�����	�%	?����	;����	&�	
	)����

'��
�������	���� ���
�

���
���
��������������

����
�
��
�	���������
�����
��������������
��
����
���

4����� �������������
��� �������������	����

%����
����������
��
������
�����������

 

 

 �
��&�*�

�������������
����
��
	��������������
������
�������

���
����

 

 

 

���
�����
�	����������������	������������� ������

6�����������
�
��������������������
��������
��
�
	�������������������
������
�	����
�		�������

($$3!34�	)�3
(�<	�7;7#��
�������
��
���&��	�����	�
�����
�����	�

%�������� �������$�	��������D����

��$5	+���85	S ,;#�

���	;���� @	+����	;���� @	,���	;����	M�?����	;����?����	;����

���%������
��
��������
���
����D����

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 46 

 

$����
�
� ���������������������� ���	������
���������
��������������������	�����
�������		�
�	���� ���	����

L�����������������������������
��&��	�&��
������-

������	
�����	&�	(�������	�%	;����

,��� T�+���� M���
�

��� T�+���� M�<����*

���	@ ,���	A 

����


 

 

 

%
����������
�	��������	����������
����
���������
������	��������������������

�7
);3
�8!(�<	�7;7#��

��
� ���
���	���
�����������

<����* ���
���	���
��������,���



����
 ���
���	���
��������+����

%���
���		������������������������� �
��&��	�
&��
�����������	����
�������	����

 

 

 

����	�������
��
��
�
�� ����
�����
���	������
�	���������

�
�������������
����
�����
�������

!��	���

�����������������������
�������
���������
��������
�
��������
�-����� �
��
�
���

4��� 
�
����
��
�	����
�
��������
���������������
��
����������	�����������
�������
����
	������������
���������������������
��

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 47 

 
0�
���������
������		�������������

��
������
�
����������������
��
��������
������
�������
�����
��������
��
�
�	�����
��������
��

�������������������
�������
 �����


 

 

 
!4B�	���	������	(�������C

L�
������	�
�
���
������������-����������
 �
���	��

������		�������G�����������
�����������
������

�	���� ��������
�	��� �������
 ���
�������������

�������

�

 

 

   

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 48 

 
����� 
�����	&�	��&��
�����	�%	;����

/�	��������
������
	��
�����
�
�	���� �
���������
��������

L������� ��	��������
������
	����� 	���������	��
������������&��� �
������� 	����

F������	�����
����������� �
��&��� ��	���������

�����������������������
��
�	��������	��������

������
���
������������	�����

1����
����������	������
���

�����
��	���
������		�

�	����������������	����U2

1����������
�	�������������
��������	�����
����������	��������
����	�
����	�����
����2

 

 

 

�#,!�(�!34�	)�3
(�<	�7;7#��

�<(8��
(+�8!( �
��<�;;7?

/�	��������������7
�		���������
�����
��������
�	���� 
�
�������������������
��

������	�����������		�������
�	�����

���	��������������
���
�

<��������������
�������������
�	���� ��������

���	���
�����
�	���� ������������������������


�	����
 

 

 
L����������	��������������

������	����������
�����* �
���
����
 ��	����������
������		����

���
��������� �
������


���
��������� �
���	��

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 49 

 

F�#�
������������
�����
�
�	������
����������

�����������
����

�������#�
�����������
������	����
1�����������
���������	�������	�����
�2

����
�	�����������������������
�����������
�����
�	����
����� �

����
���
�����������

�������	�

E������$�	��� ���F�#�
��

%		���#�
��������������	�
���������
�����	����
���������

���
���
��������������
����������

����
��
������
�	���������������

 

 

 ���������	��%�������	
1����
�	����������&�����#�
��2

F��&�����#�
������
������
�����	����������������
�����
��������	�
����	�����	�
� 
�����
�
�	�����

������������
����
�������#�
�+�������
�

 

 

 
/��������	����
����&�����#�
���������������
&��� �
�������	������������������
���������&���
�����
������	�
���
	������&��� 
����
�
�����
����	���������	���������
�����������1��� �
��

�����2

'��������������� ���	���
�&��� 	����>

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 50 

 ���������	!�
���������
1����
�	��� ������
�����
����#�
��2

D���������������
��������
�	���
�	�����������������
�������������
�����
����#�
���������	�
����	��

������� ���������	�
������
�����
��������������

������#�
�����
������������������
�	��� �������
	�������������	��������
����

 

 

 
L����	�-�

���	��
�� ���������		�
�	��������������	�����
��
���������"
����������������� 	������������
�������������	��
�� ��	�����
����
���������

����	��	�����&��� �	������	�����		�����
	��&���
	��������������

 

 

 

L������� ���
��
�
���
�����	������� �������������
����� �
��&��� 	������
�����	�
����
	����� 	����

0�����
���������
��&��
�������������
����������
������
�������������
�	�������
��
�
�������
��


�	����������
��
1�������������������
�����������������������

��������
�	�����������
�U2

)
���

 ��
��������������
�	���������
��������������������
�� �����
��	�
����	��������.���	�
��
	����

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 51 

 )�������

�������
��
���
������������

�	����������
���
 ���U�

"
����	�
����	�����	�
��

 

 

 )������
���

/�	���������������������	����� ����������
�������
�������	����
��������
�������
�� ����
���������

�����������������
�	����

'��
�����	������������������
��
���������
������
������������������� �
���
��	����

���������
����
������������������	�����
�
���	�
����	������������������������

 

 

 

�

�

�

�

�

�

�

�

�

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 52 

Colour Exercises 

 

1. Why will the leaves of a rose be heated more than the petals when 

illuminated with red light? 

 

2. What are the complements of 

a) cyan, 

b) yellow, 

c) red? 

 

3.  

a) red light  + blue light = 

b) white light – red light =  

c) white light – blue light =  

 

4. Why do people in hot desert countries wear white clothes? 

 

5. If sunlight were green instead of white, what colour garment would be 

most advisable on an uncomfortably hot day? On a very cold day? 

 

6. What colour would red cloth appear if it were illuminated by sunlight? 

By cyan light? 

 

7. Why does a white piece of paper appear white in white light, red in 

red light, blue in blue light, and so on for every colour? 

 

8. How could you use spotlights at a play to make yellow clothes of the 

performers suddenly change to black? 

 

9. White light passes through a green filter and is observed on a screen. 

Describe how the screen will look if a second green filter is placed 

between the first filter and the screen. Describe how the screen will 

look if a red filter is placed between the green filter and the screen. 

 

10. White light passes through a cyan filter, which is, in turn, followed by 

a second filter. What colour emerges if the second filter is 

 

a) yellow, 

b) magenta, 

c) blue, 
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d) green? 

 

11. What colour results from the addition of equal intensities of  

 

a) magenta and green light, and 

b) blue and yellow light? 

 

12. White light passes through a yellow filter, which is, in turn followed 

by a second filter. What colour emerges if the second filter is 

 

a) green, 

b) cyan, 

c) magenta, or 

d) blue? 

 

13. Why is the sky blue except at sunset when it turns reddish? 
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Extreme Case: Source moving at speed of sound or faster 
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Doppler Effect Exercises 

 

Unless otherwise stated take the speed of sound in air to be 340 m/s. 

 

1. An opera singer in a convertible sings a note at 600 Hz while cruising 

down the highway at 90 km/hr. What is the frequency heard by, 

 

a) a person standing beside the road in front of the car? 

b) a person on the ground behind the car? 

 

2. A mother hawk screeches as she dives at you. You recall from biology 

that female hawks screech at 800Hz, but you hear the screech at 900 

Hz. How fast is the hawk approaching? 

 

3. A whistle you use to call your hunting dog has a frequency of      21 

kHz, but your dog is ignoring it. You suspect the whistle may not be 

working, but you can’t hear sounds above 20 kHz. To test it, you ask a 

friend to blow the whistle, then you hop on your bicycle. In which 
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direction should you ride (toward or away from your friend) and at 

what minimum speed to know if the whistle is working? 

 

4. A friend of yours is loudly singing a single note at 400 Hz while 

racing toward you at 25.0 m/s. 

 

a) What frequency do you hear? 

b) What frequency does your friend hear if you suddenly start 

singing at 400 Hz? 

 

5. When a car is at rest, its horn emits a frequency of 600 Hz. A person 

standing in the middle of the street hears the horn with a frequency of 

580 Hz. Should the person jump out of the way? Account for your 

answer. 

 

6. The security alarm on a parked car goes off and produces a frequency 

of 960 Hz. As you drive toward this parked car, pass it, and drive 

away, you observe the frequency to change by 95 Hz. At what speed 

are you driving? 

 

7. Suppose you are stopped for a traffic light, and an ambulance 

approaches you from behind with a speed of 18 m/s. The siren on the 

ambulance produces sound with a frequency of 955 Hz. What is the 

wavelength of the sound reaching your ears? 

 

8. A speeder looks in his rear-view mirror. He notices that a police car 

has pulled up behind him and is matching his speed of 38 m/s. The 

siren on the police car has a frequency of 860 Hz when the police car 

and the listener are stationary. What frequency does the speeder hear 

when the siren is turned on in the moving police car? 

 

9. Two train whistles, A and B, each have a frequency of 444 Hz. A is 

stationary and B is moving toward the right (away from A) at a speed 

of 35.0 m/s. A listener is between the two whistles and is moving 

toward the right with a speed of 15.0 m/s. 
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a) What is the frequency from A as heard by the listener? 

b) What is the frequency from B as heard by the listener? 

 

10. The siren of a fire engine that is driving northward at 30.0 m/s emits 

a sound of frequency 2000 Hz. A truck in front of this fire engine is 

moving northward at 20.0 m/s.  

 

a) What is the frequency of the siren’s sound that the fire engine’s 

driver hears reflected from the back of the truck?  

�
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1.1 Contact and non-contact forces

1.1.1 Contact forces: There is physical contact between the interacting objects. 

Examples of these are: kicking a ball; friction between two surfaces; 

tension in cables; and pushing a cart.

1.1.2 Non-Contact forces: (No physical contact between interacting objects) 

e.g. force  between two masses (gravitational force); force between two 

charges (electrostatic force); force between two magnetic poles 

(magnetic force)

 

1.2 Free-body diagrams and Force diagrams 

1.2.1 Force diagram

A force diagram shows the object of interest with all forces acting on it.

The forces are illustrated using arrows of appropriate length.

ACTIVITY 1

Draw a force diagram for an object accelerating down a

rough  inclined plane.

ACTIVITY 1

Draw a force diagram for an object accelerating down a

rough  inclined plane.

1.2.2 Free-body diagram

In a free-body diagram, the object of interest is drawn as a dot and all 

the forces acting on it are drawn as arrows pointing away from the dot.

 

ACTIVITY 2

Draw a free-body diagram for an object accelerating down a

rough inclined plane.

ACTIVITY 2

Draw a free-body diagram for an object accelerating down a

rough inclined plane.

1.3 Newton’s Third Law (N3)

ACTIVITY 3

List the properties of Newton 3 pairs (action-reaction).

ACTIVITY 3

List the properties of Newton 3 pairs (action-reaction).

When object A exerts a force on object B,  then object B simultaneously

exerts an oppositely directed force of equal magnitude on object A.
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1.4 Application of Newton’s Third Law

ACTIVITY 4

You are given a vase resting on a table, as shown below.

(a)Identify one contact force.

(b) Identify one non-contact force. 

ACTIVITY 4

You are given a vase resting on a table, as shown below.

(a)Identify one contact force.

(b) Identify one non-contact force. 

 

ACTIVITY 5

Given a vase resting on a table used in activity 2

(a) Identify all the action−reaction forces for the vase.

(b) Identify all the action−reaction forces for the table.

ACTIVITY 5

Given a vase resting on a table used in activity 2

(a) Identify all the action−reaction forces for the vase.

(b) Identify all the action−reaction forces for the table.

 

ACTIVITY 6

A horse is pulling a cart along a road (as shown above). 

We know from  Newton’s third law that the force exerted 

by the horse on the  cart is equal and opposite  to the force 

exerted by the cart on  the horse. How then is it possible 

for motion to occur?

ACTIVITY 6

A horse is pulling a cart along a road (as shown above). 

We know from  Newton’s third law that the force exerted 

by the horse on the  cart is equal and opposite  to the force 

exerted by the cart on  the horse. How then is it possible 

for motion to occur?
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ACTIVITY 7

A ball is held in a person's hand (outstretched). (a) Identity all 

the N3 pairs for the ball. (b) If the ball is dropped, identity all 

the N3 pairs for the ball while it is falling? Neglect air 

resistance.

ACTIVITY 7

A ball is held in a person's hand (outstretched). (a) Identity all 

the N3 pairs for the ball. (b) If the ball is dropped, identity all 

the N3 pairs for the ball while it is falling? Neglect air 

resistance.

 

	�
��
�������������


Momentum is the product of the mass and velocity of an object, 

and is in the same direction as the object’s velocity. Momentum is vector

quantity so direction is very important in calculations.

2.1 Definition of momentum: 

 

2.2 Vector nature of momentum

EXAMPLE 1

A 2 kg cannon ball is fired vertically upward with an initial 

velocity  of 25m.s-1. Calculate the momentum of the ball at

t = 2 s and t = 3 s.

2.3  Newton’s second law & momentum

The net (or resultant) force acting on an object is equal to the rate

of change of (linear) momentum.
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ACTIVITY 1

Show that Newton’s second law can be expressed as:

n e t

p
F

t

∆
=

∆

2.4 Relationship between net force

and change in momentum.
If a net force is applied to an object, then the object will experience a 

change in momentum.

The converse is also true. If an object undergoes a change in momentum,

then there has to be a net force being applied on the object.

In other words, the net force & change in momentum are not mutually 

exclusive. 

Also note that the net force and the change in momentum always act in

the same direction.

 

ACTIVITY 2

Is there any relationship between Newton’s First law and 

Newton’s second  law (in momentum form)?

 

2.5 Calculating change in momentum for 

various scenarios:

EXAMPLE 2: A net force is applied and the object’s 

velocity increases in the direction of motion.

The firing of a rocket (m = 1×106 kg) results in a net force of 

4×107 N  being exerted on a rocket. If this force is applied for

∆t = 30 s, calculate the change in momentum.  Take up as (+).
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EXAMPLE 3: A net force is applied the object’s velocity 

decreases in the direction of motion.

A 25 kg box travelling East on a rough surface experiences a net 

force of 50 N, West. If the net force acts for 3 s, calculate the 

change in momentum.   Take East as (+).

 

EXAMPLE 4: A net force is applied and the object’s 

velocity is reversed.

A 0.06 kg tennis ball travelling horizontally strikes a racquet with a 

speed of 60 m/s (East). The ball is returned with speed of 50 m/s in 

the opposite direction. Taking east as positive , calculate the 

change in momentum.

 

ACTIVITY 3

Draw vector diagrams to illustrate the relationship between the 

initial momentum, the final momentum and the change in 

momentum in each of the above cases.

2.6 Momentum Conservation

Clarifying the meaning of a few terms

Closed System We define a system as a small portion of the universe that we are 

interested in and we ignore the rest of the universe outside of the 

defined system. A system could be a single particle or object or it could 

be a collection of objects e.g. two cars colliding.
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Internal forces. These are forces between particles or objects that constitute 

the system. E.g. when two cars collide, the forces they exert 

during the collision are internal to the system. 

External forces. These are forces outside the defined system that are exerted on

the system.

If the net external force acting on an isolated system of two or more

particles is zero, then the linear momentum of that system is 

conserved

0

( ) 0

 

n e t

f i

f i

p
F

t

t p

p p p

p p

M o m e n t u m C o n s e r v a t i o n

∆
=

∆
× ∆ = ∆

∴ ∆ = − =

� =

 

ACTIVITY 4

A ball dropped from a building has a momentum that is increasing

with time. Does this mean that momentum conservation has been

violated? Assume no air resistance. 

2.7   Application of conservation of 

momentum 

Perfectly Elastic Collision 

Consider a system of two objects m1 and m2 initially moving at u1 and u2

respectively. Masses m1 and m2 collide and thereafter move with final

velocities v1 and v2 respectively. 

 

1 2 2 1

2 1

2 1

2 2 2 1 1 1

2 2 2 2 1 1 1 1

1 1 2 2 1 1 2 2

  

( ) ( )

= −

∆ ∆
� = −

∆ ∆
� ∆ = − ∆

− = − −

− = − +

+ = +

=
T o t a l A f t e r T o t a l B e f o r e

F F

p p

t t

p p

m v u m v u

m v m u m v m u

m v m v m u m u

p p

Properties of perfectly elastic collisions

• Momentum is conserved (as seen above)

• Kinetic energy is conserved i.e. total kinetic energy before collision is 

equal to the total kinetic energy after collision.
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ACTIVITY 5

A 3.0 kg cart moving East with a speed of 1.0 m/s collides head-on 

with a 5.0 kg cart that is initially moving West with a speed 

of 2.0 m/s.  After the collision, the 3.0 kg cart is moving to the left 

with a speed of 1.0 m/s.  Ignore friction.

(a) What is the final velocity of the 5.0kg cart?  

(b) What impact would friction have, if considered? 

(c) Calculate the change in momentum for each mass. 

Are these values consistent with theory?  

 

ACTIVITY 6

“People generally say that during a head-on collision it is better to

be in  the more massive vehicle.” Do you think it really makes any 

difference at all?

Perfectly Inelastic Collision 

Consider a system of two objects m1 and m2 initially moving at u1 and u2

respectively. Masses m1 and m2 collide, couple, and thereafter move with 

a common final velocity v.

 

1 2 2 1

2 1

2 1

2 2 1 1

2 2 2 1 1 1

1 2 1 1 2 2

1 2 1 1 2 2

  

( ) ( )

( )

= −

∆ ∆
� = −

∆ ∆
� ∆ = − ∆

− = − −

− = − +

+ = +

+ = +

=T o t a l A f t e r T o t a l B e f o r e

F F

p p

t t

p p

m v u m v u

m v m u m v m u

m v m v m u m u

m m v m u m u

p p

Properties of perfectly inelastic collisions

• Momentum is conserved (as seen above)

• Kinetic energy is NOT conserved i.e. total kinetic energy before collision 

is not equal to the total kinetic energy after collision.
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ACTIVITY 7

The energy released by the exploding gunpowder in a cannon 

propels  the cannonball forward. Simultaneously the cannon 

recoils.  Which the greater kinetic energy, the launched cannonball  

or the recoiling cannon? Explain.

 

ACTIVITY 8

A 35 kg girl is standing near and to the left of a 43 kg boy

on the frictionless surface of a frozen pond.  The boy 

throws a 0.75 kg ice ball to the girl with a horizontal speed 

of 6.2 m/s.  What are the velocities of the boy and the girl 

immediately after the girl catches the ice ball?

 

2.8 Definition of Impulse

Impulse is defined as the product of net force, Fnet, and the contact time, ∆t. Unit: N.s

OR

Impulse is defined as the change in momentum, ∆p. Unit: kg.m.s-1

Note: 1N.s =1 kg.m.s-1

Impulse is a vector quantity and points in the same direction as the net 

force and change in momentum.
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∆ = ∆n e tF t p

Impulse-Momentum Theorem

For the same impulse, a longer contact time has a smaller associated

net (or contact) force while a shorter contact time has a larger associated 

net (or contact). This will be discussed further when we look at real-world 

applications of impulse.

ACTIVITY 9

Does a large force always produce a larger impulse on an

object than a smaller force? Explain your answer.

 

2.9 Calculation involving impulse

EXAMPLE 5

A 1000 kg car is travelling due west on the M7 at 30m.s-1. The 

driver of the car is busy talking on his cell phone and is not aware

of a stationary horse and trailer (fully loaded with steel blocks) 

directly in front of him. The car collides with the truck and comes 

to rest in a time of 2ms. 

 

(a)  Calculate the impulse for the car.

(b)  Calculate the net force exerted on the car during the collision.  

(c)  How long would the car have to have been in contact with a 

huge sand pile in the middle of the road if the force exerted on 

the car is 5% of that experienced by the collision with the horse 

and trailer?
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ACTIVITY 10

A rubber ball of mass 125 g is dropped from a 1.30 m high table.

The ball rebounds after striking the floor and reaches a height of 

0.85 m. 

(a) Calculate the impulse delivered to the ball.

(b) Illustrate the change in momentum using vectors.

(c) Determine (and illustrate) the net force acting on the ball

during impact with the floor if the time of contact is 1.5ms. 

 

2.10 Real-World applications of Impulse

Impulse and sportImpulse and sport

Boxing.Boxing. How is the impulse – momentum theorem applied in boxing?

Cricket.Cricket. A batsman would generally be told to follow -through when 

playing a shot. Why?

Impulse and road safetyImpulse and road safety

Airbags.Airbags. In what way (“physics”) do airbags help minimize injury during 

severe collisions (which require the deployment of airbags)?

Crumple zones. Crumple zones. What are crumple zones? What purpose do they serve 

as far as safety is concerned?

Arrestor Beds. Arrestor Beds. What are arrestor beds? Where are they found? What 

purpose do they serve as far as safety is concerned?

 

����������
���������
�

3.1 Definition of Work

The product of the magnitude of the displacement and the component 

of the force acting in the direction of the displacement. 

Work is a scalar and is measure in joules (J) 

F

∆xθ c o s θ= ∆W F x
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F ∆x

θ = 0oPositive work

F

∆x
θ = 90o
Zero work

F ∆x

θ = 180oNegative work

 

ACTIVITY 1

Discuss whether any work is being done by each of the following 

agents.  If so, state whether the work done is positive or 

negative: 

(a)A chicken scratching the ground looking for worms, 

(b) A boy sitting at the table and studying for his Physics test,

(c) A 2010 stadium construction crane lifting a bucket of 

concrete and 

(d) The gravitational force on the bucket in part (c). 

 

ACTIVITY 2

Calculate the work done on the box by each of the forces shown 

below. Hence calculate the net work done on the box.

x=2m x=9m

60o

F =100 N
FN

W

f=15 N
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TECHNIQUE FOR CALCULATING NET WORK DONE ON A 

DISPLACED (1-D) OBJECT ACTED UPON BY SEVERAL FORCES

1.Draw a force diagram showing only components that act along 

the plane of motion

2. Ignore all forces and components that are perpendicular to the 

plane of motion 

3. Calculate the resultant force

4. Multiply the displacement by this resultant force to obtain the 

net work done.= ∆n e t n e tW F x

 

3.2 Work - Energy Theorem

The net work done on a system is equal to the change in the kinetic 

energy of the system i.e. = ∆ = −
n e t f i

W K K K

EXAMPLE 1:  Work-Energy Theorem - Horizontal planes

A 20 kg box is pulled, as shown, across a rough floor. If the box 

was initially at rest, find the magnitude of the momentum after

the box has been displaced 5m using energy methods.

 E	
D�

/E�

�A�EE	8�A�EE	8

%A%A E	8 E	8  E	
D�

∆�

 

ACTIVITY 3: Work-Energy Theorem - Vertical Planes

A 3 kg steel ball is fired straight up from the ground at a speed of

15 m/s.  Use the work-energy theorem to calculate the speed

of the ball when it has been displaced 5m. Ignore air resistance.
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EXAMPLE 2:  Work-Energy Theorem-Inclined Planes

A 10 kg crate of tomatoes is pulled up a rough plane, inclined at 

20.0° to the horizontal, by a pulling force of 120 N that acts parallel 

to the incline. The frictional force between the plane and the crate is 

92.09 N, and the crate is displaced 8.0 m. (a) How much work is done 

by the gravitational  force on the crate? (b) Determine the increase 

in internal energy of the crate-incline system due to friction. (c) How 

much work is done by the pulling force on the crate? (d) What is the 

change in kinetic energy of  the crate? (e) What is the speed of the 

crate after being pulled 8.0 m, if it has an initial speed of 2.50 m/ s.?

 

ACTIVITY 4: Work-Energy Theorem (Conceptual)

Using the work-energy theorem explain why a box set in motion 

across a rough floor eventually comes to rest? 

3.3 Terms and concepts involving energy.

• System – For most applications we define the object and earth as a system.

• Isolated or closed system – One that has no external forces acting on it.

• Internal forces (conservative forces) – e.g. gravitational force

• External forces (non-conservative forces) – e.g. tension, friction, air resistance

• Kinetic energy – the energy an object possess due to its motion. 21
2

K m v=

• Potential energy – the energy an object possess due to its height relative to

some reference level.  U m g h=

• Mechanical energy – sum of the kinetic and potential (gravitational) energy 

of an object.

 

3.4 Conservation of Energy

If we consider only the conservative gravitational force, the mechanical energy

of an isolated system is constant i.e. mechanical energy is conserved. 

c o n s t a n tM E = �
1 1 2 2K U K U+ = +

1

2
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EXAMPLE 3:  Conservation of Mechanical Energy

A ball is driven with a golf club from ground level with an initial 

speed of 50 m/s causing it to rise to a height of 30.3 m. Ignore 

air resistance.

(a) Determine the speed of the ball at its highest point. 

(b) If the magnitude of ball’s momentum is 2.28 kg.m.s−1 at a 

point 8.9 m below the highest point, determine (in grams) 

the mass of the ball.

 

ACTIVITY 5 : Conservation of Mechanical Energy

A block starts from rest and slides down a frictionless circular

section as shown below. Calculate the speed of the block

(a) at the bottom of the circular section 

(b) when it has travelled halfway along the circular section. 

r = 5 m

90o

 

If we consider the conservative gravitational force as well as other 

non-conservative forces such as friction, air resistance and tension then 

the mechanical energy of the system is not constant i.e. mechanical energy 

is not conserved. But, note, that energy conservation still holds true. 

The following equations are used whenever external forces are present.

1 1 2 2o t h e r

o t h e r

W K U K U

O R

W K U

+ + = +

= ∆ + ∆

Wother represents the work done by friction, tension and air resistance.
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EXAMPLE 4:  Application of Conservation of Energy

A 9 kg block is released from rest and slides down a 10 m plane 

inclined at 45o to the horizontal. Calculate the magnitude of the 

frictional force if the block has a speed of 4.985 m.s-1 5m down 

the plane (measured from the top).

 

ACTIVITY 6: Conservation Energy 

A 55 kg skier starts from rest and coasts down a mountain slope 

inclined at 25° with respect to the horizontal. The kinetic friction 

between her skis and the snow is 97.7N. She travels 12m down 

the slope before coming to the edge of a cliff. Without slowing 

down, she skis off the cliff and lands downhill at a point whose

vertical distance is 4m below the edge. Using energy methods,

determine her speed just before she lands? Ignore air resistance

 

ACTIVITY 7 : Conservation Energy 

A 5 kg block is travelling at 9 m/s when it approaches the bottom

of a ramp inclined at 30o to the horizontal. How far up the plane

does the block comes to rest if the frictional force is 28.81N?

3.5 Power
The rate at which work is done or energy is expended.

w
P

t
= (w) 1w=J.s-1

EXAMPLES 5

A 700 N police officer in training, climbs a 15 m vertical 

rope in a time of 9 s. Calculate the power output of the officer.
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ACTIVITY 8

A rock climber and a hiker (having equal masses) both start off 

simultaneously at the foot of a mountain. The hiker takes a longer

but easier route spiraling up around the mountain and is the first 

to arrive at the top. Later the climber arrives at the top. 

(a)Which one (climber or hiker) does more work in getting to the

top of the mountain? 

(b) Which one expends more power in getting to the top of the

mountain?

 

If a force F causes the object to move at a constant velocity, then the 

average power is given by: P F v=

EXAMPLE 6

A car is travelling on a horizontal road at a speed of 25 m/s. 

Calculate the power (in kW) delivered to the wheels of the car

if the friction between the road and wheels is 1900 N and the 

air resistance experienced is 1400 N.

 

ACTIVITY 9

A 800 kg car is stuck at the bottom of a hill inclined at 30o with

respect to the horizontal. While being pulled up along the incline, 

the car experiences a frictional force of 2700 N. What should the

power rating of a motor be if it is to pull the car up the incline at

a constant speed of 3 m/s? 
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ACTIVITY 10

A motorcycle (mass of cycle plus rider is 270 kg) is traveling at a

steady speed of 30 m/s. The force of air resistance acting on the

cycle and rider is 240 N. Find the power necessary to sustain this

speed if (a) the road is level and (b) the road is sloped upward at

37.0° with respect to the horizontal.

 

ACTIVITY 11: Lift problem 

An empty lift car of mass 1700 kg stops at some level of a 

shopping mall and three 75 kg men and two 50 kg woman get in. 

Calculate the power (in kW) delivered by motor if 5000 N of 

friction is experienced and the lift car is (a) going up at a constant 

speed of 4 m/s and (b) going down at a constant speed of 4 m/s. 

 

EXAMPLE 7 : Pumping water from a borehole.

A pump is needed to lift water through a distance of 25 m at a 

steady rate of 180kg/min. What is the minimum power (kW)

motor  that could operate the pump if (a) the velocity of the 

water is negligible at both the intake and outlet? (b) The velocity 

at the  intake is negligible but at the outlet the water is moving 

with a  speed of 9m/s.
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ACTIVITY 12: Borehole problem

A pump is rated 9 kW. An engineer claims that based on his past 

experience using the pump, it is only 80% efficient. Is the pump

suitable to lift 950 kg (approximately 238 gallons) of water per

min from a 40 m deep borehole and eject the water at a speed

of 15 m/s? 

 

 

 

Exercises and Answers
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• Note that the Newton 3 pairs (action-reaction) act on different 

objects and thus do not cancel out

• The motion of the horse and cart depends on the forces acting on

them.

• For horse:  

• For cart: 

H C H H
F F f> +

H C C
F f>
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Newton's Third Law
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• Force exerted by father on daughter is FFD

•Force exerted by daughter  on father is FDF

(a)The magnitudes of these forces are equal 

(b)

FDF FFD

F D

=

∝

�� �

T h e  m a g n i t u d e  o f  t h e  r e s u l t a n t  f o r c e  o n  d a u g h t e r  

1
a n d  f a t h e r  i s  e q u a l .  T h u s  .  

S i n c e  .  T h u s  t h e  d a u g h t e r

e x p e r i e n c e s  a  g r e a t e r  a c c e l e r a t i o n  

R

F D F D

F m a

a
m

m m a a
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(i) Newton 3 pairs (action-reaction forces) for the vase.

FEV

FVE

FVT

FTV
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FET

FTE

FVT

FTVFTF

FFT

FTF

FFT

 

 

 

Exercises and Answers
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• Note that the Newton 3 pairs (action-reaction) act on different 

objects and thus do not cancel out

• The motion of the horse and cart depends on the forces acting on

them.

• For horse:  

• For cart: 

H C H H
F F f> +

H C C
F f>
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Newton's Third Law
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• Force exerted by father on daughter is FFD

•Force exerted by daughter  on father is FDF

(a)The magnitudes of these forces are equal 

(b)

FDF FFD

F D

=

∝

�� �

T h e  m a g n i t u d e  o f  t h e  r e s u l t a n t  f o r c e  o n  d a u g h t e r  

1
a n d  f a t h e r  i s  e q u a l .  T h u s  .  

S i n c e  .  T h u s  t h e  d a u g h t e r

e x p e r i e n c e s  a  g r e a t e r  a c c e l e r a t i o n  

R

F D F D

F m a

a
m

m m a a
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(i) Newton 3 pairs (action-reaction forces) for the vase.

FEV

FVE

FVT

FTV
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FET

FTE

FVT

FTVFTF

FFT

FTF

FFT

 

 

 

Key: “I & M" refer to “Impulse and 

Momentum.
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2

1 2 1

1 1

1 2 1

T a k e  u p  a s  v e  ( g 9 . 8 m / s )

2 :

2 5 . ( 9 . 8 m / s ) ( 2 ) 5 . 4 0  .  u p .

( 2 ) ( 5 . 4 0 . ) 1 0 . 8  . . ,

3 :

2 5 . ( 9 . 8 m / s ) ( 3 ) 4 . 4 0  .  d o w n .

( 2

f i

f f

f i

f f

a

t s

v V a t m s s m s

p m v k g m s k g m s u p

t s

v V a t m s s m s

p m v k

− −

− −

− −

+ = − = −

=

= + = + − =

= = =

=

= + = + − = −

= =

� � � � � � � � � � � � � ��

1 1 1
) ( 4 . 4 0 . ) 8 . 8 0  . . 8 . 8 0  . . , d o w ng m s k g m s k g m s

− − −− = − = � � � � � � � � � � � � � ��
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60 N 60 N

E (+)W

m1 = 160 kg m2 = 230 kg

2

1

1

2

2

2

2 1

1 1 1

2 1

2 2 2

1 1

1 1 1

1 1

6 0
0 . 3 8  .

1 6 0

6 0
0 . 2 6  .

2 3 0

0 ( 0 . 3 8  . ) (1 . 3 ) 0 . 4 9 .

0 ( 0 . 2 6  . ) (1 . 3 ) 0 . 3 4 .

(1 6 0 ) ( 0 . 4 9 ) 7 8 . . 7 8 . . ,

f i

f i

f f

f

F N
a m s

m k g

F N
a m s

m k g

v v a t m s s m s

v v a t m s s m s

P m v k g m s k g m s W e s t

P m v

−

−

− −

− −

− −

−
= = = −

−
= = = +

= + = + − = −

= + = + = +

= = − = − =

= 1

1 ( 2 3 0 ) ( 0 . 3 4 ) 7 8 . . ,
f

k g m s E a s t
−= = +
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This is an inelastic collision.

m
M

West (+)

2

. ,

0   ( m a g n i t u d e s  a r e  e q u a l )

  ( T r y  t o  p r o v e  t h i s ! ! )
2

S i n c e  t h e  m a g n i t u d e s  o f  t h e  m o m e n t a  a r e  e q u a l ,  i t  m e a n s  t h a t :

1

b e f o r e a f t e r

m M m M m M

K

K K m K M

P P

P P P P P P

P
E

m

E E E
m

=

= + � = − � =

=

∝ � �
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(a) Total horizontal momentum for boat plus stuntman does not 

change.

(b) The speed of the boat decreases. 

( 0 )

( )

s i n c e  t h e  m a s s  h a s  i n c r e a s e s ,  t h e   v e l o c i t y  

a f t e r  c o l l i s i o n  m u s t  d e c r e a s e  f o r  m o m e n t u m  

c o n s e r v a t i o n  t o  h o l d  t r u e .  

b e f o r e b b s b b

a f t e r b s

b e f o r e a f t e r

P m v m m v

P m m V

P P

= + =

= +

=
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First consider the collision with the floor. Just 

before striking the floor the learner has an 

initial velocity. After striking the floor his 

velocity is zero. 

++
Fav

3
1

1

( ) ( 0 )

( 2 1 0 0 0 ) ( 1 0 1 0 )
3 . 5 0 .

6 0

3 . 5 0 .

a v f i i i

a v

i

i

F t m v v m v m v

F t N s
v m s

m k g

v m s

−
−

−

∆ = − = − = −

∆ ×
= = − = −

−

� = ↓

Now consider the height through which the learner falls. The 

initial velocity is zero and the final velocity is 3.5m.s-1 (down). 
1 2

2 2

2 2 2 2

0 , 3 . 5 . , 9 . 8 .

                          2

( 3 . 5 ) ( 0 ) 1 2 . 2 5
0 . 6 3

2 ( ) 2 ( 9 . 8 ) 1 9 . 6

0 . 6 3

i f

f i

f i

v v m s a g m s

v v a x

v v
x m

g

x m

− −= = − = − = −

= + ∆

− − −
− ∆ = = = = −

− − −

∴ ∆ = � � � � � ��

x∆
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You and the earth form an isolated system.

So the earth does move when you take a step forward, but 

It is not visible because it is very small.  

0

b e f o r e a f t e r

y o u y o u e a r t h e a r t h

e a r t h y o u e a r t h y o u

P P

m v M V

M m V v

=

= +
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Momentum conservation does not apply in this situation here.

The ball is accelerating, so there is a net force (external force) that 

is acting on the ball. Momentum is only conserved for an isolated 

system i.e. a system that has no net force is acting.
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(i) To find the impulse, determine the area under the F-t graph.

11 1
2 2

( 2 ) ( 3 ) ( 2 ) ( 3 ) (1 . 5 ) ( 3 ) 1 1 . 2 5  . 1 1 . 2 5  .F t N s k g m s
−∆ = + + = =

(ii) 1

1
1

( ) 1 1 . 2 5  .

1 1 . 2 5  .
0 5 . 6 3 .

2

f i

f i

P m v v F t k g m s

F t k g m s
v v m s

m k g

−

−
−

∆ = − = ∆ =

∆
= + = + = � � � � � � � � � ��

1

1
1 1

( ) 1 1 . 2 5  .

1 1 . 2 5  .
3 2 . 6 3 .

2

f i

f i

P m v v F t k g m s

F t k g m s
v v m s m s

m k g

−

−
− −

∆ = − = ∆ =

∆
= + = − = � � � � � � � � � ��

(iii)
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=

+ = +
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= −
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I&M -11
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(i) The physics is simply that  a greater contact time with a 

device like an airbag results in the occupants experiencing a 

smaller average force (impulsive) ,thereby minimizing injury,

during collisions.  During severe head-on collisions air bags will 

deploy. The seat belt provides an unbalanced force mainly to the

middle section of the body, but not the upper areas like neck and

head and lower areas like knees (which the air bags will take 

care of). So a combination seatbelts and airbags is ensures 

maximum safety.  
I&M -12

SOLUTION

 

 

MECHANICS: VERTICAL PROJECTILE MOTION 

PROBLEM-SOLVING EXERCISES AND SOLUTIONS 

Key: “VPR” on the pages below is shorthand for Vertical Projectile motion. 
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Since object 2 is thrown a bit later, it must be projected up 

with a smaller velocity for both balls to reach maximum height 

at the same instant.  

2 2 2 2 2

2

, 2 , 1

max, 1 max, 2

Taking up as (+)

An object thrown up at  rises to a maximum 

height Δx given by:

(0)

2( ) 2( ) 2

                   
2

since 

i

f i i i

i

i object i object

object object

v

v v v v
x

g g g

v
x

g

v v

x x

− −
∆ = = =

− −

∆ =

<

∆ > ∆
VPM-1

SOLUTION
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2 2

2

( )

Consider an object thrown up with initial velocity, v ,  that

reaches maximum height, x, in a time t .
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                                          2 x

0=( ) 2 x

2 x
t=

2 x
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i i

f i

J
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v gt v gt

v v a

gt g

g

t

↑ +

∆

= − � =

= + ∆

− ∆

∆

∆
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VPM-2
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(i) Take  up as positive.

1 2
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1 2

2 21
2

( )  30 . , 9.8 .

At t=0, balls position with respect the ground is 73.60m. The

position of the ball at any time t is:

( ) (0) 73.60 30 4.9

                         ( ) 73.60 3

i

i

ii v m s g m s

x t x v t at t t

x t

− −= = −

= + + = + −

� = + 2

2

1

2

0 4.9

,the velocity of the ball at any time t is:

                                    ( ) 30 9.8

(3) 73.60 30(2) 4.9(2) 114   (above ground)

(3) 30 9.8(3) 10.4 .

(5) 73.60 30(7) 4.9(7) 43.

t t
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= − = ↑
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1 1
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v m s m s
− −= − = − = ↓

VPM-3
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(iv)

VPM-3

SOLUTION

 

 

 

 

(v)
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(i) This could represent an object that was thrown upward from 

the ground and caught before it striking the ground. 

(ii) A represents an object that was thrown downward

B represents an object that was dropped

C represents an object that was thrown upward, reaches

maximum height before falling to the ground.

VPM-5
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D�	��	��
��	

�
�����	��������
�����	�������

�������� $��������	���	��������	�%	�&I���	*���	$��������	���	��������	�%	�&I���	*���	

�������	��	���	������	
�	�
�	�A �5	�
�	�A-�		�������	��	���	������	
�	�
�	�A �5	�
�	�A-�		

������ $�
*	���	��������	���	����	��
��	%��	���	$�
*	���	��������	���	����	��
��	%��	���	

%����	-�	�%	���	�������%����	-�	�%	���	�������
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(i) vi = 30 m.s-1

(ii) v(1)=20 m.s-1, v(4.5)= −15 m.s-1= 15 m.s-1,downward

(iii) Reaches max height when velocity  is 0 m.s-1.

This happens at t=3s

(iv)  1 1
1 2 2

(2)(30 10) 20A bh m= = − =

Time (s)

V
e

lo
ci

ty
 (

m
.s

-1
)

2 (2)(10 0) 20A bh m= = − =
1 2 40

40 .

Since x(0) 0

(2) x(0) 40

(2) 40

Object is 40 m above ground.

Total
A A A m

x m

x m

x m

= + =

∆ =

=

− =

=

VPM-6

SOLUTION

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

1 1
1 2 2

(3)(30 0) 45A bh m= = − =

Time (s)

V
e

lo
ci

ty
 (

m
.s

-1
)

1 2
40

40 .

Since x(0) 0

(4) x(0) 40

(4) 40

Total
A A A m

x m

x m

x m

= + =

∆ =

=

− =

=

1 1
2 2 2

(1)( 10 0) 5A bh m= = − − = −

(v)

VPM-6

SOLUTION
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+����	���	�G�	
��	�G�	��
���	%��	�*�	

��%%�����	�&I����

+����	���	�+����	���	�GG�	
��	��	
��	�GG�	��
���	%��	�*�	�	��
���	%��	�*�	

��%%�����	�&I������%%�����	�&I����

( (

,

,

 

 

 

 

������ ?����	���	�F�
�����	�%	������	O����	
��	����P	?����	���	�F�
�����	�%	������	O����	
��	����P	

%��	&���	�&I�����%��	&���	�&I�����

�������� ?�
�	��	���	����
���	&��*���	���	�&I����	?�
�	��	���	����
���	&��*���	���	�&I����	


�	�A��	
��	�A ��
�	�A��	
��	�A ��

���������� (�	*�
�	����	���	��	���	�����	�%	�&I���	(		(�	*�
�	����	���	��	���	�����	�%	�&I���	(		

�E	�J���E	�J��

�������� �
����
��	���	
��
	�����	���	��
����
��	���	
��
	�����	���	�GG�	��
��	%��	�	��
��	%��	

�&I���	,	%��	�AE�	��	�A �5	
��	���%���	�����	�&I���	,	%��	�AE�	��	�A �5	
��	���%���	�����	

���	����	�GG�	��
����	��
���
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2

2

(i)

:

( ) 25 10

( ) 25 5

:

( ) 10

( ) 30 5

A

v t t

x t t t

B

v t t

x t t

= −

= −

= −

= −

(ii)

x (1)=25m

x (1)=20m

x (1)-x (1)=5m

A

B

A B

(iii) 1.5  and 3.5t s s=

1
2

(iv) (2)( 20) 20

(2) (0) 20 (2) 30 20

(2) 10 . Object B is 10m above ground.

Look at x-t for B: x(2)=10m.

This confirms the answer obtained from the

area under the v-t graph between 0s and 2

A m

x x m x m m

x m

= − = −

− = − � − = −

=

 s

VPM-7

SOLUTION
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+����	���	%����*���	�G�	��
���+����	���	%����*���	�+����	���	%����*���	�GG�	��
����	��
���

 

 

 

 

������ �
����
��	���	����	�
D��	��	��
��	�
�����	�
����
��	���	����	�
D��	��	��
��	�
�����	

��������������

�������� '�*	����	
%���	�
����	����	���	�&I���	�
��	'�*	����	
%���	�
����	����	���	�&I���	�
��	

���	�
����	���������	�
����	������

���������� �
����
��	���	�����
�	��������	�%	���	�&I�����
����
��	���	�����
�	��������	�%	���	�&I����

�������� $��������	����	%��	���	�&I����	$��������	����	%��	���	�&I����	

������ $�
*	���	�$�
*	���	�GG�	��
��	%��	�AE	��	�A-���	��
��	%��	�AE	��	�A-��

�������� �
����
��	���	��������	�%	���	�&I���	�*���	�
����
��	���	��������	�%	���	�&I���	�*���	

�������	��	�������	
�	�A"���������	��	�������	
�	�A"��
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(i) t=2s

(ii) After 4s

(iii) Taking upward as positive and g=10m.s-2:

(iv) v(t)=10-10t

(v) Next slide

(vi)  X =30m 

2

1

Between t=0s and t=2s

?, 0, 2 , 10 .

0 ( 10)(2) 20 . ,

i f

f i

i f

v v t s a m s

v v at

v v at m s up

−

−

= = = = −

= +

= − = − − =

VPM-8

SOLUTION
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(v)

VPM-8

SOLUTION
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(	���D	
�������
���	%
���	%���	����	%���	���	����	(	���D	
�������
���	%
���	%���	����	%���	���	����	

�%	
	/E	�	����	&��������	?���	���	���D	��	 E	�	�%	
	/E	�	����	&��������	?���	���	���D	��	 E	�	


&���	���	������5	
	��1.	�	�
��	�
�	���D�	��	
��	
&���	���	������5	
	��1.	�	�
��	�
�	���D�	��	
��	

����	���	���D	��������	
&���	����	�
����
��	���	����	���	���D	��������	
&���	����	�
����
��	���	

�
�����	
�����	�%	����	���	�
�	�
�	��	���	���	�
�����	
�����	�%	����	���	�
�	�
�	��	���	���	

�%	���	*
�	
��	
����	���	���������	�
������%	���	*
�	
��	
����	���	���������	�
�����

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

40 m

1.85 m

1

2

3

1 2

1 2

2 2

2 1

2

2

1

2

1 2

2

2

2

1 2: 0 . , ? 9.8 . , 40

2

0 2(9.8)(40) 784

28 . ,

2 3: 28 . , 9.8 . ,

20 1.85 18.85

18.85 28 4.9

4.9 28 18.85 0

Solving the quadratic:

t=0.59 s

v m s v g m s x m

v v g x

v

v m s down

v m s g m s

x m

t t

t t

− −

−

− −

→ = = = ∆ =

= + ∆

= + =

=

→ = =

∆ = − =

= +

+ − =

VPM-9

SOLUTION
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(	�
��	��������	�����	
	�����	%���	����	����	
	(	�
��	��������	�����	
	�����	%���	����	����	
	

�����	!��	�����	�%	�����	��	
��	��	��
�	�
�	��	�����	!��	�����	�%	�����	��	
��	��	��
�	�
�	��	

"-.	�J�5	
��	���	�����	�%	���	�����	�������	���	"-.	�J�5	
��	���	�����	�%	���	�����	�������	���	

&�����	�%	���	����	��	��
��	"�.E	�	
%���	���	&�����	�%	���	����	��	��
��	"�.E	�	
%���	���	

�����	��	��������	?�
�	��	���	����	�%	���	����������	��	��������	?�
�	��	���	����	�%	���	�����

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

1

2

Sound wave travelling at

345m/s carrying the

disturbance of the stone 

striking the bottom.  

3

1 2 2 3

2

1

2 21
2

2

2

Let height of hole = ,   and 

          3.5

1 2 (taking down as postitive)

v 0, 9.8 .

(9.8) 4.9

4.9

2 3 (sound wave)

345 345

4.9 345

  3.5

4.9

x y

x y

x x

x

y

y

x y

y x

h t t t t

t t s

g m s

h x t t

h t

h
h t

t

t t

but t t

t

→ →

−

= =

+ =

→

= =

= ∆ = =

=

→

= � =

∴ =

= −
2

2

345(3.5 )

4.9 345 1207.50 0

:

3.34 54.71

x x

x x

x

t

t t

sloving

t s h m

= −

+ − =

= � =

VPM-10

SOLUTION
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MECHANICS: Frames of Reference: 

Problem Solving Exercises and Solutions 

KEY: “FOR” on the pages below is shorthand for Frames of Reference. 
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��	
��	��
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��	
��	��
�������	��	���
�
��	�
���	��	
	

�*�	�
��	%���*
��	'�*	����	����	��	�
D�	
	�
�	 	�*�	�
��	%���*
��	'�*	����	����	��	�
D�	
	�
�	 	

��
�������	
�	�EE	D�J�	��	�����
D�	
	�
�	�	��
�������	
�	�EE	D�J�	��	�����
D�	
	�
�	�	

��
�������	
�	1E	D�J�	�%	���	����
���	&��*���	��
�������	
�	1E	D�J�	�%	���	����
���	&��*���	

���	�����	%����	&������	��	�.E	��		���	�����	%����	&������	��	�.E	��		

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

 

22

11

150 m

1 1

1 2

1

12 1 2

3
3

1

12

100 . , 80 .

( ) 100 80 20 .

150 10
7.50 10 27 .

20 .

g g

g g

v km h v km h

v v v km h

d km
t h s

v km h

− −

−

−
−

−

= =

= + − = − =

×
= = = × =

AB BA
v v= −

Exercise: confirm using kinematic equations
FOR-1

SOLUTION
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!*�	�
�������	��
���	
��	�
�����	�
��	�����	��	!*�	�
�������	��
���	
��	�
�����	�
��	�����	��	


�I
����	��
�D��	!�
��	(	��	������	�
��	*���	
	
�I
����	��
�D��	!�
��	(	��	������	�
��	*���	
	

�����	�%	�"�����	�%	�" �J�5	
��	��
��	,	��	��
������	*���	�J�5	
��	��
��	,	��	��
������	*���	

*���	
	�����	�%	 1*���	
	�����	�%	 1 �J��	�
�	?�
�	��	���	��������	�J��	�
�	?�
�	��	���	��������	

��
�������	
��	����������	�%	��
��	(	
�	����	&�	��
�������	
��	����������	�%	��
��	(	
�	����	&�	

���	�
��������	��	��
��	,�	�&�	?�
�	��	���	���	�
��������	��	��
��	,�	�&�	?�
�	��	���	

��������	��
�������	
��	����������	�%	��
��	,	
�	��������	��
�������	
��	����������	�%	��
��	,	
�	

����	&�	���	�
��������	��	��
��	(�����	&�	���	�
��������	��	��
��	(�

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

A
B

Take east as (+)

1 1
( ) ( ) 28 13 41 . 41 . ,BA BG GAb v v v m s m s West

− −= + − = − − = − =

VAG=13 m.s-1, East

VBG=28 m.s-1, West

1( ) ( ) 13 28 41 . ,
AB AG GB

a v v v m s East
−= + − = + =

FOR-2

SOLUTION
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7�	
	���
����	������	
	&�
�	��	��
������	���
����	7�	
	���
����	������	
	&�
�	��	��
������	���
����	

��	���	*
���	
�	
	�����	�%	.�E��	���	*
���	
�	
	�����	�%	.�E �J�	���	������	�J�	���	������	

���
����	��	���	&�
�5	
	�
�������	*
�D�	��*
��	���
����	��	���	&�
�5	
	�
�������	*
�D�	��*
��	

���	&
�D	�%	���	&�
�	
�	
	�����	�%	��.���	&
�D	�%	���	&�
�	
�	
	�����	�%	��. �J��	�
�	�J��	�
�	

?�
�	��	���	�
�������	
��	���������	�%	���	?�
�	��	���	�
�������	
��	���������	�%	���	

�
��������
�������BB�	��������	���
����	��	���	*
����	�&�	�	��������	���
����	��	���	*
����	�&�	

'�*	����	����	��	�
D�	%��	���	�
�������	��	*
�D	'�*	����	����	��	�
D�	%��	���	�
�������	��	*
�D	


	����
���	�%	 0
	����
���	�%	 0 �	��	���	&�
��	�	��	���	&�
��	

 

 

 

 

���	'�*	����	����	��	�
D�	%��	���	�
�������	��	���	'�*	����	����	��	�
D�	%��	���	�
�������	��	
�����	
		����
���	�%	 0�����	
		����
���	�%	 0 �	��	���	*
�����	��	���	*
����

 

 

 

 

 

 

 

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 137 

 

 

1

1

1

( ) 1.5 5 3.5 . ,

27 27
( ) 18

1.5 .

27 27
( ) 7.71

3.5 .

PW PB BW

PB

PW

a v v v m s South

d m m
b t s

v v m s

d m m
c t s

v v m s

−

−

−

= + = − + =

= = = =

= = = =

South (+)

1
5 . ,

BW
v m s south

−=

1
1.5 . ,

PB
v m s North

−=

FOR-3

SOLUTION

 

 

 

 

 

 

 

<��	
��	��	
	���<��	
��	��	
	���GG
��	&
�����	��
�5	���
����	��	���	
��	&
�����	��
�5	���
����	��	���	

������5	�
�	
	��������	�%	/�E������5	�
�	
	��������	�%	/�E �J�	��	
	���������	�J�	��	
	���������	

���	�
���	<��	���	
	�
*D	������	��������	
*
�	���	�
���	<��	���	
	�
*D	������	��������	
*
�	

%���	���	&
�����	��	
	���������	���	������	!��	%���	���	&
�����	��	
	���������	���	������	!��	

�����	�%	���	�
*D	���
����	��	���	��	 �E�����	�%	���	�
*D	���
����	��	���	��	 �E �J��	�J��	

?�
�	
��	���	�
�������	
��	���������	�%	���	?�
�	
��	���	�
�������	
��	���������	�%	���	

�
*D�
*DBB�	��������	���
����	��	���	�������	�������	�	��������	���
����	��	���	�������	�������	

���	���������
�	
����	���
����	��	���	�
������	���������
�	
����	���
����	��	���	�
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16 . ,
BG

v m s East
−=

12 . ,
EB

v m s North
−=

12 .
EB

v m s
−=

16 .
BG

v m s
−=

θ EG
v

2 2

2 2

1

( ) ( )

(2) (6)

6.32 .

EG EB BG
v v v

m s
−

= +

= +

= ������������

1

tan 3

tan (3) 71.57 , East of North.

BG

EG

o

v

v
θ

θ −

= = �

= =

N

E

EG EB BG
v v v= +
��� ��� ����

FOR-4

SOLUTION

 

 

 

 

!��	�
��
��	�%	
	��
��	*�����	��	�������	���	!��	�
��
��	�%	
	��
��	*�����	��	�������	���	

*����	!��	��������	�����	�%	���	��
��	��	 -.*����	!��	��������	�����	�%	���	��
��	��	 -. �J�	�J�	

���
����	��	���	
���	(	*�
����	������	�����
���	���
����	��	���	
���	(	*�
����	������	�����
���	

��
�	
	"1�E	�J�	*���	��	&��*���	%���	���	�����	��
�	
	"1�E	�J�	*���	��	&��*���	%���	���	�����	

��	���	������	3�	*�
�	���������5	��
�����	*���	��	���	������	3�	*�
�	���������5	��
�����	*���	

�������	��	���	*���5	������	���	�����	��
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1
245 .PAv m s

−=

1
38 .

AG
v m s

−=

PG
v

α

1

38
sin 0.16

245

sin (0.16) 8.92 ,   

AG

PA

o

v

v

South of West

α

α −

= = =

= =

FOR-5

SOLUTION
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-110 . ,
BW

v m s North= -11.5 . ,
WS

v m s East=

-110 .

,

BW
v m s

North

=

-11.5 . ,
WS

v m s East=N

E

θ

BS BW WS
v v v= +
��� ���� ����

BSv

2 2

2 2

1

( ) ( )

(10) (1.5)

10.11 .

BS BW WS
v v v

m s
−

= +

= +

= �������������

1

tan 0.15

tan (0.15) 8.53 ,  East of North.

WS

BW

o

v

v
θ

θ −

= = �

= =

(a)

(b)
1

300
29.67 

10.11 .
BS

d m
t s

v m s
−= = =

FOR-6

SOLUTION

 

 

 

 

Key: “WEP” refers to “Work Energy 

Power” on the following pages.
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�����		%��	���	�&����
�����		

 

Fa

f

The force applied (provided by the engine) to move the mini-bus

forward is controlled by the accelerator. At the time of observation,

this applied force is equal to the opposing frictional force.

( ) 0

0  (  )

 i s  c o n s t a n t

n e t n e t a

n e t

f i f i

W F x F f x J

W K W o r k E n e r g y t h e o r e m

K K v v v

= ∆ = − ∆ =

= ∆ = −

∴ = � = �
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��	3�	���	%����*���	�*�	����
����	������	%�������	
��	
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�	>	
����
����	
	�����	!��	
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	*���	���	������	�������5	��	������	��	���	����	
�	
	

�����
��	������	3�	*����	����
���	��	���	���������	�����
��	������	3�	*����	����
���	��	���	���������	

�%	�������
����	�%	����
���
�	������	�&�������	�%	�������
����	�%	����
���
�	������	�&�������	

����
��	����	
��*�������
��	����	
��*���

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 142 

XY

Mechanical energy is conserved for car X.  As the car goes up the 

hill the kinetic energy decreases (car slows down) while the 

gravitational potential energy increases.   

c o n s t a n t  ( c o n s e r v e d )

0

M E

K U

=

∆ + ∆ =

Mechanical energy is not conserved for car Y.  As the car goes up the 

hill the kinetic energy remains constant while the gravitational

potential energy increases.  As  car Y proceeds up the hill, its

mechanical energy increases c o n s t a n t  ( c o n s e r v e d )

0

M E

K U

≠

∆ + ∆ �

 

(	 E	D�	&��	��	������5	
�	���*�5	
�����	
	�����	(	 E	D�	&��	��	������5	
�	���*�5	
�����	
	�����	

%�����	3%	���	&��	*
�	�����
���	
�	����5	%���	���	%�����	3%	���	&��	*
�	�����
���	
�	����5	%���	���	

�
�������	�%	���	��������	
%���	���	&��	�
�	�
�������	�%	���	��������	
%���	���	&��	�
�	

&���	�����
���	.�	�����	������	��������&���	�����
���	.�	�����	������	��������

 E	D�
/E�

�A�EE	8�A�EE	8

%A%A E	8 E	8  E	D�

∆�

 

 E	D�
���� A.E	8A.E	8

%A%A E	8 E	8  E	D�

∆�

Because the motion is horizontal, we ignore all vertical forces (as 

Well as vertical components) and draw a free-body diagram

Showing only horizontal forces (and components)

2 2 2 2 21 1
2 2

2

1

1 1

( ) ( 5 0 2 0 ) ( 5 ) 1 5 0

( ) ( 2 0 ) ( 0 ) 1 0

1 0 1 5 0

3 . 8 7 . ,

( 2 0 ) ( 3 . 8 7 . ) 7 7 . 4 6 . . ,

n e t R x

n e t f i f f

f

f

f f

W F x F F x N N m J

W K m v v v v

v

v m s E a s t

P m v k g m s k g m s E a s t

−

− −

= ∆ = − ∆ = − =

= ∆ = − = − =

=

=

= = =

East (+)
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O m

5 m

W=mg

W=mg

∆X

2 1

21
1 2

21
2

12
3

( ) ( 3 ) ( 9 . 8 ) ( 5 ) 1 4 7

1 4 7 ( 3 ) (1 5 ) 1 9 0 . 5

( 3 ) ( ) 1 9 0 . 5

(1 9 0 . 5 ) 1 1 . 2 7 .

e x t

e x t f i

f e x t

f f

f

W w x m g x x J

W K K K

K W K J

K v

v m s
−

= ∆ = − − = − = −

= ∆ = −

= + = − + =

= =

= =
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1

2

8m

324.6 m

1 1 2 2

3 2 31
2 1 1 2 2

2

    ( c o n s e r v a t i o n  o f  M E )

( 4 7 1 0 ) ( 5 2 ) ( 4 7 1 0 ) ( 9 . 8 ) ( 2 4 . 6 ) 0

7 4 . 8 7

K U K U

K K U U

K J

− −

+ = +

= + − = × + × −

=

(i)

2 2 3 3

3 3

3 2 2 3

3

21
32

3 1

3

    ( c o n s e r v a t i o n  o f  M E )

7 4 . 8 7 ( 4 7 1 0 ) ( 9 . 8 ) ( 2 4 . 6 ) ( 4 7 1 0 ) ( 9 . 8 ) ( 2 4 . 6 8 )

7 8 . 5 6

7 8 . 5 6

( 2 ) ( 7 8 . 5 6 ) / ( 4 7 1 0 ) 5 7 . 8 2 .

K U K U

K K U U

K J

m v

v m s

− −

− −

+ = +

= + − = + × − × −

=

=

= × =

(ii)

Ground

Reference Level

 

(	..	D�	�D���	��
���	%���	����	
��	��
���	��*�	(	..	D�	�D���	��
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��	��
���	��*�	


	�����
��	�����	��������	
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����	� �	��*�	
��	���	���*	��	20�08�	���	��
����	� �	��*�	

���	�����	&�%���	������	��	���	����	�%	
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	���%%�	
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Reference level 25o

∆x

s i nm g θ

f

1

2

3

( )0

2 1 2

21
22

1

2

( s i n ) ( )

        =  ( 5 5 ) ( 9 . 8 ) s i n 2 5 9 7 . 7 (1 2 )

        =  1 5 6 1 . 0 9

1 5 6 1 . 0 9

2 (1 5 6 1 . 0 9 )
7 . 5 3 .

5 5

n e t n e t

n e t

W F x m g f x

J

W K K K

m v

v m s

θ

−

= ∆ = − ∆

−

= − =

=

= =

2 2 3 3

3

3

21
32

1

3

A s s u m i n g  a i r  r e s i s t a n c e  i s  n e g l i g i b l e :

  ( C o n s .  o f  M E )

1 5 6 1 . 0 9 0

1 5 6 1 . 0 9 5 6 1 . 0 9 ( 5 5 ) ( 9 . 8 ) ( 4 ) =  3 7 1 7 . 0 9

m v =  3 7 1 7 . 0 9

2 ( 3 7 1 7 . 0 9 )
        v 1 1 . 6 3 .

5 5

K U K U

m g h K

K m g h

m s
−

+ = +

+ = +

= + = +

= = � � � � � � � � � � ��
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A

B

5 m

20 m

4 5
2 1 0 2 1 0 (1 2 0 0 ) ( 9 . 8 ) ( 2 0 1 5 )

3 6 0 0

W K U

J J K

K J

= ∆ + ∆

− × + × = ∆ + −

∆ =

[ ]4 5

  ( W o r k - E n e r g y  T h e o r e m )

2 1 0 2 1 0 (1 2 0 0 ) ( 9 . 8 ) ( 2 0 1 5 )

3 6 0 0

e x t

f c g

W K

w w w K

J J K

K J

= ∆

+ + = ∆

− × + × + − − = ∆

∆ =

OR
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6

21
2

21
2

6
5

( 2 0 0 0 8 0 ) ( 8 ) ( 3 0 0 ) 4 . 9 9 1 0

3 0 0 0 ( 8 ) 8 . 6 6

4 . 9 9 1 0
5 . 7 6 1 0 W  = 5 7 6  k W

8 . 6 6

n e t R

i

W F x m a x J

x v t a t

t t s

W J
P

t s

= ∆ = ∆ = + = ×

∆ = +

= + � =

×
= = = × � � � � � � ���
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( )- 1

T h e  p o w e r  d e v e l o p e d  b y  t h e  e n g i n e  i s :

(2 4 0  ) 3 0  . = 7 2 0 0 WP F v N m s= =

(a)

37o

Fa

f

a
F

0s i n 3 7m g

f

( )- 1

0

4

T h e  p o w e r  d e v e l o p e d  b y  t h e  e n g i n e  i s :

(2 4 0  s i n ) 3 0  .

            =  [ 2 4 0  ( 2 7 0 ) ( 9 . 8 ) s i n 3 7 ) ] ( 3 0 )

            =   5 . 5 0 1 0

P F v N m g m s

N

W

θ= = +

+

×

(b)
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exercises that appear on 

pages 82 to 99. 
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Some examples of practical activities 

 

 

 

Broad Knowledge Area: 

Mechanics 

 

Theme: 

Force, momentum and impulse 

 

Lesson Outcomes 

 

Attainment is evident when the learner is able to: 

1. Recognize that weight and surface type affect friction. 

2. Recognize that surface area does NOT affect the friction. 

3. Identify the dependent variable and independent variables 

4. Identify control variables 

5. Control variables 

6. Recognize that some things are hard to measure like friction  

because the spring scale needle vibrates. 

 

Apparatus: 

 

4 small wood blocks for each group  

 

Small screw hooks that can be screwed into the blocks to hook the blocks  

together.   

 

1 spring scale for each group (if spring scales are not available you may  

Physical Sciences: Physics 

Friction: To determine the factors that affect the size of the 

frictional force between two surfaces 

 

Grade 11 
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substitute a rubber band and note the amount the rubber band stretches).  

 

Different surfaces like a table, carpet, glass, sandpaper, tiles, oil, water, etc. 

 

Procedure 

Learners should plan and conduct an investigation to determine the factors that affect 

the frictional force between two surfaces.  

 

It is left to the discretion of the teacher, whether learners do this practical activity in 

groups or individually. 

 

Hints to teacher: 

 

• Tell the learners, a few day/s before the practical activity, to list the factors 

they think affects the size of the frictional force. 

• Allow the learners select the equipment and let them try various combinations.   

• At this point of the investigation do not tell the learners what combinations to 

try out.  Allow them to explore combinations such as a different sides, 

different surfaces, a train (one hooked after the other), stacking on top, or 

combinations thereof.   

• Regroup the learners together as a whole class after approximately 15 minutes 

of experimentation to discuss preliminary results.  At this point you could 

remind Learners to control variables, remind them that they should not pull the 

spring scale at an angle and that the different sides of the block might have a 

different grain which can affect results.   

• Let the learners go back into their groups so that they can fine tune their 

results.  Have one representative from each group make a brief, final 

presentation of their results.  

 

Further Questions 

 

 

1. What happens if I double the weight by stacking one block on top of the  

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



 178 

other?   

 

2. What happens if I keep the weight the same but double the surface area?   

 

3. What happens if I double the surface area and double the weight?   

 

 

4. How does the surface type affect the frictional force?  Answer: The answers 

will vary.  Typically the smoother the surface is the less friction.  However, 

sometimes glass which is very smooth will produce a large frictional force, 

specifically if it is very clean.  FYI: There is a weak vacuum that is formed 

that pulls the blocks together when there is little or no air between the 

surfaces.  

 

Conclusions: 

 

Get learners to write conclusions that answer the questions that they investigated. 
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Physical Sciences: Physics 

Torque: To show the moments of Force and to investigate the 

factors that cause the turning of a balanced object 

 

Grade 11 

 

Broad Knowledge Area: 

Mechanics 

 

Theme: 

Force, momentum and impulse 

 

Lesson Outcomes 

Attainment is evident when the learner is able to: 

1. To show the moment of Force on a beam. 

2. To determine the relationship between the distance from the fulcrum and the 

force on the object. 

3. To predict the position of a single load on a beam in order to balance the 

beam. 

 

 

Apparatus: 

Simple beam with markings at regular intervals or a pivoted meter stick with sliding 

weights or a torque bar 

Several mass pieces. E.g. 50g, 20g, 100g, etc 

Triangular block  
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Procedure:  

1. Balance the beam (or meter stick or torque bar) on the triangular block. 

 

 

 

 

 

2. Place a mass so that the beam rotates.  

3. Balance the beam without removing or changing the position of the mass that 

you placed in step two above. 

4. Repeat steps 2 and 3 by placing different masses at different positions. Try out 

any variations that you can think of. (adding masses on top of other masses, 

etc) 

5. Record your results appropriately. 

6. Place two masses (same and/or different) at two different positions on the 

same side of the fulcrum and then try to balance the beam using only one other 

mass piece. 

 

Hints to teacher: 

 

1. The pattern in the results can be described in several ways.  

A learner who says words to the effect that, “doubling the load on one side 

requires the distance on the other side to be doubled” has spotted the pattern. 

One who says that, “the product of load and distance is the same on both sides 

of the beam when it is balanced” has provided a more general description that 

can be used to make predictions. In other words, the beam balances when the 

anti-clockwise moment equals the clockwise moment.  

  

Different learners will require different amounts of support in this. The most 

able will not only identify a pattern but will see for themselves that they can 

use it to make predictions of load position in order to achieve balance. Others 
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will not see a pattern at all unless it is directly pointed out to them. It is worth 

explaining that the pattern is important because of its predictive power, which 

can be applied in many practical situations.  

2. Learners’ application of the predictive power of their new learning can be 

tested by moving the multiple loads to two marks from the pivot, and asking 

them to say where the single load must be placed for balance.  

  

The number of loads here provides a ‘measurement’ of weight, or force.  

 

3. The product of the force and its distance from the pivot is a measure of its 

turning effect, and is called the moment of the force.  

  

For balance, the sum of the ‘clockwise’ moments is the same as the sum of the 

‘anticlockwise’ moments. Large forces on one side of the fulcrum can be 

balanced by smaller forces on the other, provided that the smaller force is 

further from the fulcrum.  

 

4. To illustrate the turning effect of a force, demonstrate with the classroom door. 

Try pushing it at the edge, then close to the hinge, then at intermediate 

positions. Compare the effects. You could try pushing near the hinge while a 

pupil pushes (from the other side) farther out. If you do this then take care that 

fingers cannot be trapped if the door closes.  
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Physical Sciences: Physics 

Motion: To plan and conduct an experiment to test the following 

idea: an object will always move in the direction of the net force 

that is exerted on it by other objects  

 

Grade 11 

 

 

Broad Knowledge Area: 

Mechanics 

 

Theme: 

Force, momentum and impulse 

 

Lesson Outcomes 

 

Attainment is evident when the learner is able to: 

1. Make a hypothesis 

2. Test a hypothesis 

3. Plan an investigation 

4. Conduct an investigation 

5. Collect relevant data 

6. Analyse data 

7. Formulate a relationship between variables 

8. Make predictions 

 

Apparatus: 

1. Dynamics cart 

2. dynamics track 

3. spring scale calibrated in Newtons 

4. masking tape 

5. pulleys 

6. mass pieces to hang 

7. ramp 
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8. a few books 

 

Hints to the teacher 

It could be an idea to get the learners to do the following when engaged with this 

practical task: 

1. Write down the idea that they are going to test. 

2. Brainstorm the task and make a list of possible experiments whose outcomes 

can be predicted with the help of the idea. Decide whether testing an idea 

requires that you design experiments to prove the idea or to disprove the idea.  

3. Briefly describe your chosen design Include a labeled sketch. 

4. Draw a free body diagram of the object while the forces are being exerted on 

it. 

5. Use the idea under test to make a prediction about the outcome of the 

experiment.  

6. Perform the experiment. Record your observations. 

7. Did the outcome of the experiment support the prediction?  

8. Based on your prediction and the outcome of your experiment, can you say 

that the idea is proved, disproved?  

9. Describe additional assumptions that you used to make a prediction about the 

outcome of your testing experiment. How can the assumptions affect your 

judgment? 
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Physical Sciences: Physics 

Capacitance: Discharging a capacitor 

 

Grade 11 

 

Broad Knowledge Area: 

Electricity and Magnetism 

 

Theme: 

Electrostatics, capacitor as a circuit device 

 

A capacitor is a device used to store electric charge. The capacitance of a capacitor is 

a measure of the quantity of charge, Q, it can store for a given potential difference, V. 

Capacitance is defined by the following equation: 

C = Q/V 

and so the units of capacitance are CV
-1

. 1 CV
-1

 is called 1Farad (1F)  

The capacitor is being studied here as it gives us another example of an 

exponential variation. 

1. Preparation: a) Remind yourself how to measure the slope of a curved 

graph at a given point.  
 

b) See part 3 below. 

2. The aim of the experiment is to plot a graph which shows how the voltage 

across a capacitor varies as it is discharging through a resistor. 

 

R = 75 k�. If the voltmeter is an "analogue" type. Use the 7·5v calibration (on 

this calibration, it has a resistance of 75 k�). 

Do the experiment first without the resistor R in the circuit. 

When the switch is closed, the capacitor charges (almost immediately) to the 

same voltage as the supply. As soon as the switch is opened, the capacitor starts 
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to discharge through the voltmeter. (When using the 7·5v calibration of the 

voltmeter, its resistance is 75 k�.) 

- charge the capacitor, read the voltmeter with the switch 

closed; this is the voltage at t = zero 

- open the switch and start a watch simultaneously 

- measure the time taken for the voltage to fall to, for example, 

5 volts 

- recharge C and measure the time taken for the voltage to fall 

to some lower value, for example, 4·5 volts 

- repeat for other voltages. 
 

 Repeat one or two of the readings with the 75 k� resistor connected in parallel 

with the voltmeter, as shown. 

 Plot a graph of voltage against time. 

3. If the graph is exponential, it will be found that the rate of fall of voltage is 

directly proportional to voltage. 

 Or, fall in voltage per second = (a constant) × voltage 

 but fall in voltage per second is the slope of the graph 

 so, if we measure the slope at various voltages v we should find that 

 gradient / v = a constant 

4. a) Prove that your graphs are exponential. To do this, measure the slope at three 

points on the curve, for example, at v = 5 V, v = 3·5 V and v = 1·5 V. 

 b) Another way to prove that the results show an exponential fall in voltage is to 

find how long it takes for the voltage to fall to half of its starting value. This 

"halving time" should be constant no matter what time you consider as the start. 

(You could, of course, consider the time taken for the voltage to fall to some other 

fraction of its initial value.) 

 c) In theory, how long would it take to completely discharge a capacitor? In 

practice, how long (approximately) did it take? Why is there this difference 

between theory and practice? 
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Some suggestions when studying Conservation of Momentum.           
 

 

Objectives: 

 

The learners will apply two of Newton's Laws of Motion discovering that  

Momentum is conserved.     

 

Materials: 

 

     Newton's Cradle 

     Carts 

     Planks with skates screwed to the bottom 

     "Crash Dummy Motorcycle" 

                              

Strategy: 

      

    NEWTON'S CRADLE—Collision 

 

 
 

Pull one ball out.  Ask "What will happen when I let go?"  Let everyone  

contribute.  Then let go.  See what actually happens.  Do not get into a big discussion 

at this point!  Come back to this at the end. 

 

   TWO CART COLLISION-- 

Define Momentum: Mass x Velocity.  Have two carts of equal mass collide with each 

other from opposite directions.  Ask "What happened?"  Let everyone contribute.  

(Newton III; Momentum is Conserved) 

Then have the two carts collide when one of the carts is the same mass as previously 

and the other has a third cart stacked on top-a larger mass.  Ask  

"What happens?"  Let everyone contribute. (Discussions will include Newton III, 

Newton II and Conservation of Momentum.)  

 

   PLANK WITH ROLLER SKATES ATTACHED-- 

Have a student walk the plank.  Ask "What happened?"  (Plank goes the other way.)  

Let every student contribute.  Have students of different weights take turns.  Observe 

any difference this makes.  (Newton III, Momentum is Conserved)  

 

   CRASH DUMMY MOTORCYCLE-- 

Construct a "Wall" at the end of an inclined plane.  Have the toy motorcycle with 

a dummy rider crash into the wall.  Ask "What happened?"  (Newton III, also  

Newton I, Momentum is Conserved) 

 

   NEWTON'S CRADLE REVISITED-- 

Go back to the Newton's Cradle.  Again pull out one ball.  Let go.  Ask "What  
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happened?" and "Why?"  Students should be able to discuss the results in terms  

of Newton's Laws for each ball's collision with the next ball.  They should also  

recognize that momentum is conserved in each collision.  Now try this with two, 

three, or even four balls.  They should be able to extend their conclusions to these 

unequal mass collisions.        
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Further Questions on Doppler Effect 
 

 

At start tests idea of relative velocity and then checks qualitative understanding: 

 

The table below shows several situations in which the Doppler effect may arise. The 

first two columns indicate the velocities of the sound source and the observer, where 

the length of each arrow is proportional to the speed. For each situation, fill in the 

empty columns by deciding first whether the Doppler Effect occurs and then, if it 

does, whether the wavelength of the sound and the frequency heard by the observer 

increase, decrease, or remain the same compared to the case when there is no Doppler 

effect. Provide a reason for your answer. 

 

  

Velocity of source 

 

 

Velocity of 

observer 

 

Doppler 

effect  

occurs? 

 

 

Wavelength 

 

Frequency 

heard by 

observer 

 

A 

 

     

 

B 

 

 

 

    

 

C 

 

 

 

    

 

D 

 

 

 

    

 

E 

 

 

 

    

 

F 

 

 

 

    

 

G 
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A: Moving Source Only 

 

Qualitative question including frequency change with time: 
 

A music fan at a swimming pool is listening to a radio on a diving platform. The radio 

is playing a constant frequency tone when this fellow, clutching his radio, jumps off. 

Describe the Doppler effect heard by a) a person left behind on the platform, and b) a 

person down below floating on a rubber raft. In each case, specify 1) whether the 

observed frequency is constant, and 2) how the observed frequency changes during 

the fall, if it does change. Give your reasoning. 

 

Simple “plug and chug”: 
… 

 

Solve for speed:  
 

A bird is flying directly toward a stationary bird-watcher and emits a frequency of 

1250 Hz. The bird-watcher, however, hears a frequency of 1290 Hz. What is the 

speed of the bird? 

 

Solve for speed and direction:  
 

A bat locates insects by emitting ultrasonic “chirps” and then listening for echoes 

from the bugs. Suppose a bat chirp has a frequency of 25 kHz. How fast would the bat 

have to fly, and in what direction, for you to just barely be able to hear the chirp at 20 

kHz? 

 

Two simultaneous equations (fs and vs unknown): 
 

Standing on a pavement, you hear a frequency of 560 Hz from the siren of an 

approaching ambulance. After the ambulance passes, the observed frequency of the 

siren is 480 Hz. Determine the ambulance’s speed from these observations. 

 

Interpretation of graph: 
 

You are standing at x = 0 m, 

listening to a sound that is 

emitted at frequency f0. The 

graph alongside shows the 

frequency you hear during a 4-

second interval. Which of the 

following describes the sound 

source? Explain your choice. 

 
 

 

a) It moves from left to right and passes you at t = 2s. 

b) It moves from right to left and passes you at t = 2s. 

c) It moves toward you but doesn’t reach you. It then reverses direction at t =2 s. 

d) It moves away from you until t = 2 s. It then reverses direction and moves 

toward you but doesn’t reach you. 
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B: Moving Listener Only 

 

Simple “plug and chug”: 
 

The frequency of a certain police car’s siren is 1550 Hz when at rest. What frequency 

do you detect if you move with a speed of 30.0 m/s a) toward the car, and b) away 

from the car? 

 

Simple qualitative: 

 

A large church has part of the organ in the front of the church and part in the back. A 

person walking rapidly down the aisle while both segments are playing at once reports 

that the two segments sound out of tune. Why? 

 

Ties together previous concepts of waves: 
 

A source S generates circular waves on the surface of a lake; the pattern of wave 

crests is shown in the figure below. The speed of the waves is 5.5 m/s, and the crest-

to-crest separation is 2.3 m. You are in a small boat heading directly toward S at a 

constant speed of 3.3 m/s with respect to the shore. What frequency of waves do you 

observe? (need to include picture still) 
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C: Reflections Involving Two-step Application of Equations with Only One of 

Source or Listener Moving at a Time: 
 

Simple (led through steps): 
 

A toy rocket moves at a speed of 242 m/s directly toward a stationary pole (through 

stationary air) while emitting sound waves at frequency f = 1250 Hz.  

 

a) What frequency f’ is sensed by a detector that is attached to the pole? 

b) Some of the sound reaching the pole reflects back to the rocket, which has an 

onboard detector. What frequency f’’ does it detect? 

 

Harder (not led in steps): 
 

A stationary motion detector sends sound waves of 0.150 MHz toward a truck 

approaching at a speed of 45.0 m/s. What is the frequency of the waves reflected back 

to the detector? 

 

+ unit conversion:  

 

A Doppler flow meter uses ultrasound waves to measure blood-flow speeds. Suppose 

the device emits sound at 3.5 MHz, and the speed of sound in human tissue is taken to 

be 1540 m/s. What frequency is detected back by the meter if blood is flowing 

normally in the large leg arteries at 20 cm/s directly away from the sound source? 

 

2 simultaneous equations: 
 

A 2.00 MHz sound wave travels through a pregnant woman’s abdomen and is 

reflected from the fetal heart wall of her unborn baby. The heart wall is moving 

toward the sound receiver as the heart beats. The reflected sound is then detected by 

the detector and has a frequency that differs from that emitted by 85 Hz. The speed of 

sound in body tissue is 1500 m/s. Calculate the speed of the fetal heart wall at the 

instant this measurement is made? 
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D: Both Source and Listener Moving 
 

Simple plug and chug: 
 

A railroad train is travelling at 30.0 m/s in still air. The frequency of the note emitted 

by the train whistle is 262 Hz. What frequency is heard by a passenger on a train 

moving in the opposite direction to the first at 18.0 m/s and a) approaching the first? 

b) receeding from the first? 

 

Solve for v (re-arrange equation): 

 

An ambulance with a siren emitting a whine at 1600 Hz overtakes and passes a cyclist 

pedalling a bike at 2 m/s. After being passed, the cyclist hears a frequency of 1590 

Hz. How fast is the ambulance moving? 

 

Two trucks travel at the same speed. They are far apart on adjacent lanes and 

approach each other essentially head-on. One driver hears the horn of the other truck 

at a frequency that is 1.14 times the frequency he hears when the trucks are stationary. 

The speed of sound is 343 m/s. At what speed is each truck moving? 

 

 

E: Doppler for light: 
 

An astronomer measures the Doppler change in frequency for the light reaching the 

earth from a distant star. From this measurement, explain how the astronomer can 

deduce that the star is receeding from the earth. 

 

The drawing shows three situations A, B and C in which an observer and a source of 

electromagnetic waves are moving along the same line. In each case the source emits 

a wave of the same frequency. The arrows in each situation denote velocity vectors 

relative to the ground and have the indicated magnitudes, either v or 2v. Rank the 

frequencies of the observed waves in descending order (largest first) according to 

magnitude. Explain your reasoning. 
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Answers to Further Questions on Doppler Effect 

(These questions appear on pages  188 to 192) 
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