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Junior Science

32 Atomic Structure: Part 1

Word Bankmobile phase quickly alcohol more slowly 0.50 doesn’t move identify solvent 
Rf value materials pollution poisons colour writing explosives drugs places 
attraction highly times 0.75 different 0.21 colours separated water
Diagram Labels: start end inks pot beaker solvent drawing pin ice blockstick chromatography paper

Coloured inks aren’t usually made up of one colour but are mixtures of colours. Because 
they are a mixture, they can be separated fairly easily in the science laboratory. 1. Complete the sentences below so that they make sense by fi lling in the gaps. Also, complete 

the diagram by writing the labels in the boxes. Use the word bank to help you. 

     This is where the  that make up inks, food colourings and dyes can be separated out using a  (liquid that dissolves things).  A common solvent used is .The word chromatography means   from the Greek words chroma (colour) and graphe (writing).

The paper   and is referred to as the stationary phase. The solvent is moving and is referred to as the  . 
It works because the chemicals making up a coloured dye or ink are all .  They all have different levels of  to the paper or the solvent.  If they are  attracted to the solvent then they will move  and be near the top of the paper or if they are  attracted to the paper then they will move  and be near the bottom.  This causes the colours that make up an ink to be  out.

Chromatography can be used to  different inks and also to  nd out what makes up certain colours.  You can work out a value that can then be used to compare, it is called the   (retention factor) and is calculated by: 

Chromatography

Rf  = distance travelled by the substancedistance travelled by the solvent

Separating Mixtures: Chromatography

Atomic Structure: Part 1       32Copyright ABA Resources Ltd 2016

The Science Squad 
 A set of characters providing helpful hints, reminders of 
skills,	definitions	and	even	some	hilarious	science	jokes.

Nature of Science Icons 
Indicates the NoS strand.

Atomic Structure: Part 1       19

The different atoms are found on the periodic table and we can use the information given on this table to work out the 

number of protons and electrons in an atom. If we also have the mass number, we can work out the number 

of neutrons in an atom too. 
When scientists write information about an atom in a quick concise way, they do it like this: 7

3Li

i

Work out the number of protons, electrons and neutrons in each of the following atoms.

11
5B

39
19K

36
17Cl

12
6C

65
30Zn

40
20Ca

207
82Pb

24
12Mg

40
18Ar

19
9F

Working Out P.E.N.

H
B

Mass Number
This is the total number of protons and neutrons an atom has and together they make up almost the whole mass of an atom.
Each atom can have several different mass numbers, depending on the number of neutrons present.
Because the atomic number tells us that this atom has  protons, we can work out the neutrons by . . .

mass number – atomic number
So this atom has  =  neutrons.

Atomic Number
This is the number of protons or electrons that an atom has.
This atom of lithium has  protons.
This is the same as the number of electrons the atom has.
This atom has  electrons.

7
3Li

Element Name Element 
Information

Number of 
Protons

The atomic number is usually shown on the bottom BUT it is always the smaller of the two numbers.

Number of 
Neutrons

Number of 
Electrons

Copyright ABA Resources Ltd 2016
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read format.
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engage students.
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164       SCIENCE 1.5

SaltsH
B

Many chemical compounds may be classi ed as salts. 

• The salt most familiar to us is table salt (sodium chloride). 

• Baking soda is the salt sodium hydrogen carbonate (sodium bicarbonate). 

• Magnesium sulfate, commonly called Epsom salts, is often found in the home.

In general, most salts are ionic compounds that are composed of metallic ions and non-metallic ions.  

For example, sodium chloride is composed of metallic sodium ions (Na+) and non-metallic chloride 

ions (Cl–). Some salts are composed of polyatomic ions.  For example, ammonium nitrate is composed 

of ammonium ions (NH4
+) and nitrate ions (NO3

–).

Exercise

Use resource material to  nd the uses of the following common salts.

Name of Salt Formula
Uses

ammonium chloride NH4Cl

sodium hydrogen carbonate NaHCO3

sodium chloride NaCl

calcium chloride CaCl2 

potassium nitrate KNO3

Salt Preparation

H
B

You are provided with a white powder which is a magnesium compound.  You are asked to make some 

magnesium sulfate crystals by reacting the powder with an acid.

1. Write the name and give the formula of the compound that the white powder could be.

_________________________________________________________________________________

2. Write the name and give the formula of the acid that would be used.

_________________________________________________________________________________

3. Write the name and give the formula of another product of this reaction.

_________________________________________________________________________________

4. Describe the steps that would be carried out to prepare the magnesium sulfate crystals.

Your answer should include at least three steps.

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

Salts come in many colours. 

Copper(II) sulfate 

is one example.

L1SE_2015.indd   1.5-164
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208       SCIENCE 1.9

Meiosis

• The process of producing gametes is called meiosis .

• DNA replication is essential for this process.

Sexual Reproduction

• Most organisms have sexual reproduction as part of 

their life cycle, even if they can reproduce asexually 

(see page 229).

• There are other processes during meiosis that increase 

variation in the gametes produced, for example:

crossing over  

independent assortment

• Variation involving the gametes can be inherited. 

These are called:

inheritable variations

Stages of Meiosis

Original cell with four chromosomes.

Four new cells form, each with two chromosomes.  

Meiosis is complete.

Chromosomes are pulled apart.

Pairs of chromosomes line up.

Chromosomes line up again and are pulled apart.

Two cells are made.

Diagram Note: To show this process clearly, 

we have used an imaginary organism with 

4 chromosomes (2 pairs) in its body cells – 

most organisms have many more.

Extra for Experts.  Go to:

www.cellsalive.com/meiosis.htm

A tip to remember the difference between mitosis 

and meiosis, think of:

• ‘My toe’ for mitosis –‘sex organs aren’t in our 

 toes!’.

• The letter ‘t’ in Mitosis and growth.

D
N

A is 
replicated

L1SE_2015.indd   208
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25000 N

400 N

25000 N

600 N

20 N

6 N

6 N

2 N
4 N

Basic Force Questions

H
B

1. Complete the questions for each of the problems below.  The  rst one has been done for you as 

an example:

 a. A laboratory trolley is stationary initially then subjected to the forces shown.

          Are the forces balanced?  no

          Give the size and direction of the net force. 

          20 – (4 + 2)  =  14 N to the left

          Describe the immediate effect on the object’s motion.

          It accelerates rapidly to the left.

 b. A car is moving forward.   Are the forces balanced?   ____________________________

          Give the size and direction of the net force. 

          _______________________________________________

          Describe the immediate effect on the object’s motion.

          _______________________________________________

 c. A boat is moving forward.   Are the forces balanced?   _________________________

          Give the size and direction of the net force. 

          _______________________________________________

          Describe the immediate effect on the object’s motion.

          _______________________________________________

 d. A hot air balloon is afloat in   Are the forces balanced?   _________________________

  
still air. 

      Give the size and direction of the net force. 

          _______________________________________________

          Describe the immediate effect on the object’s motion.

          _______________________________________________

 e. A log has landed in quicksand.  Are the forces balanced?   _________________________

          Give the size and direction of the net force. 

          _______________________________________________

          Describe the immediate effect on the object’s motion.

          _______________________________________________

 f. A skydiver has jumped out   Are the forces balanced?   _________________________

  
of a plane. 

     Give the size and direction of the net force. 

          _______________________________________________

          Describe the immediate effect on the object’s motion.

          _______________________________________________

180 N

220 N

500 N

10000 N

12000 N

10000 N

 

  

8000 N

7000 N

750 N

750 N
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Your Reactions

H
B

The reactions in the box below are common reactions of metals and metal compounds.  Predict the 

reactants needed to form the products shown in the table.

Metal Carbonate + Acid                  Metal Oxide + Acid                   Metal Hydroxide + Acid

Metal + Acid                    Metal + Oxygen                    Metal + Water                  Metal Oxide + Water

Reactants
Products

copper(II) sulfate + water

lead(II) oxide

calcium chloride + carbon dioxide + water

sodium hydroxide + hydrogen

sodium chloride + water

magnesium sulfate + hydrogen

calcium hydroxide

An Excellent Answer

H
B

James has an iron de ciency but was confused when the doctor 

prescribed some green tablets labelled ‘iron(II) sulfate’ which did not 

look like the iron nails he used in his workshop at home. 

Write an answer which could help James understand why he had to take 

the iron(II) sulfate tablets.

Hint: Think about what you have learnt so far.

• What is the appearance of the two substances?

• What is the formula of the two substances?

• What is the difference between an element and a compound?

• What is the difference between an element and an ionic compound?

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

L1SE_2015.indd   1.5-172
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Build Your Own DNA Model

Using the shapes from Appendix 1 on page 253, build a section 

of DNA on the next page, using the instructions below. 

1. Colour the shapes as indicated:

Unit Colour

sugar purple

phosphate red

adenine green

thymine yellow

cytosine orange

guanine blue

2. Carefully cut out the shapes.

3. Using six phosphates and six sugars, build one side of the DNA ladder.  Leave a small space 

between each sugar.

4. The bases are bonded to the sugars.  Arrange the twelve bases and six base pairs.  Remember 

how the bonding pairs match from the previous page.  Leave a small space between each sugar 

and each base and between the bases in the base pairs.

5. Now build the other side of the DNA ladder.  Remember the bases bond to the sugars.

6. Glue the shapes in place.

7. Draw in the chemical bonds between the sugars and the phosphates, between the sugars and the 

bases and between the base pairs.

8. Now label the part of your model that represents a nucleotide.

9. Now label the part of your model that represents a triplet.

base

sugar
phosphate 

group

phosphate 
group

Using a tactile exercise like the one you 

are about to do, not only reinforces the 

concepts we have just explored but it 

provides your brain with some scaffolding, 

linking a ‘doing activity’ with the knowledge 

you have just learnt.

L1SE_2015.indd   192
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Seven Words – It’s Elementary

H
B

Join the syllables in the boxes below to make words that match the following statements.  

1. Change in speed (12 letters)      _____________________________________

2. Slope of a speed-time graph (8 letters)    _____________________________________

3. Change in speed with time taken (6 letters)  _____________________________________

4. Area under a speed-time graph (7 letters)    _____________________________________

5. Negative acceleration (5 letters)     _____________________________________

6. Symbol for change (7 letters)      _____________________________________

7. Speed in a given direction (8 letters)    _____________________________________

TY

TION

ER

TRI
VE

LOC

GLE AN

DIS

AC

AC

TANCE

TION

TION CELI

ER

AC

ER

A

A
CEL CEL

CEL

TION

ER

DE

AA
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212       NCEA-TYPE EXAM QUESTIONS

Mechanics NCEA-Type Exam Questions

Question One

The Model T Ford is a classic vintage car. To start it up, you have to turn the 

crank lever at the front by hand. When the engine reaches an angular velocity 

of 150 revolutions per minute, (rpm), the engine can start.

a. Convert 150 rpm to rads–1.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

b. For safety reasons, the torque on the crank should only be applied for a half of a turn. Calculate the angular 

acceleration during startup.

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

c. The crank and engine assembly has a rotational inertia of 21 kg m2. 

Calculate the minimum torque needed to start the engine.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

d. The owner wants to install a new crank assembly to make it easier to accelerate the engine to 150 rpm. Describe 

two major factors that affect the rotational inertia of an object.

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

e. When the engine is coasting at 150 rpm, the engine is turned off. It then takes 6.5 s to come to a complete stop. 

Calculate the number of turns the engine makes while it slows to a stop. 

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

f. What assumption(s) have you made?

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

Question Two

The suspension in a Model T Ford consists mostly of large springs. The 

uncompressed length of one spring is 65 cm. When  tted in a 650 kg car, the 

weight compresses it to a length of 47 cm.

a. Calculate the spring’s force constant, k.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

half 
turn
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4       PHYSICS 3.1  PROCESS UNCERTAINTIES

vernier callipers

Uncertainty

Physics involves a lot of practical work where you have to record 

measurements. But even the best laboratory instrument is not perfect and 

it will give measurements that have a small uncertainty value.

Consider the measured value, d = 3.1 ± 0.1 cm, opposite. This implies 

that d is somewhere between 3.0 cm and 3.2 cm. The uncertainty value, 

written as Δd = ± 0.1 cm, shows the limited accuracy of the instrument.

All real world measurements have a built in random uncertainty. For 

instance, a digital voltmeter, like the one opposite, may show small 

 uctuations in its reading, due to random errors.

In addition, there may well be a systematic error in the meter. For 

instance, the meter may not read exactly zero when it is not connected 

to anything.

Random errors can be minimised by taking lots of readings of the same 

measurement and averaging. A systematic error can be eliminated 

altogether if it can be spotted in time by a careful student.

Error and Uncertainty

1. Discuss the three kinds of error possible in a physics practical.

2. Discuss how each one can be either minimised or even eliminated.

3. Discuss how you can minimise each of these four systematic errors.

 a.  Friction in a trolley experiment     b.  Reaction time error with a stopwatch

 c.  Parallax error on an analogue scale    d.  Zero error on an analogue scale

4. Obtain a set of measuring devices, such as:

digital multimeter analogue multimeter light meter 

oscilloscope 
measuring cylinder 

scales

vernier callipers 
micrometer 

stopwatch

5. Discuss these points with other students.

 a.  What techniques are needed to read each instrument?

 b.  For each instrument, describe the random error in a typical reading.

 c.  For each instrument, describe how systematic errors can be avoided.

6. Discuss how you would design these experiments using the measuring 

devices.

 a.  How would you measure the cross section area of a  ne wire?

 b.  How would you measure the volume of a sheet of card?

 c.  How would you measure the density of a microscope slide?

 d.  How would you measure the volume of a lump of plasticine?

 e.  How would you measure the resistance of a hot bulb  lament?

 f.  How would you measure the amplitude of a sine wave from a signal 

 generator?

 g.  How would you measure the frequency of a sine wave from a signal 

 generator?

oscilloscope

micrometer

average 
value

true value

random 
error

systematic 
error

4.6 V 4.4 V 4.7 V

dd
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Mechanics NCEA-Type Exam Questions

Question One

The Model T Ford is a classic vintage car. To start it up, you have to turn the 

crank lever at the front by hand. When the engine reaches an angular velocity 

of 150 revolutions per minute, (rpm), the engine can start.

a. Convert 150 rpm to rads–1.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

b. For safety reasons, the torque on the crank should only be applied for a half of a turn. Calculate the angular 

acceleration during startup.

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

c. The crank and engine assembly has a rotational inertia of 21 kg m2. 

Calculate the minimum torque needed to start the engine.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

d. The owner wants to install a new crank assembly to make it easier to accelerate the engine to 150 rpm. Describe 

two major factors that affect the rotational inertia of an object.

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

e. When the engine is coasting at 150 rpm, the engine is turned off. It then takes 6.5 s to come to a complete stop. 

Calculate the number of turns the engine makes while it slows to a stop. 

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

f. What assumption(s) have you made?

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

________________
________________

________________
________________

________________
________________

________________
________________

____

Question Two

The suspension in a Model T Ford consists mostly of large springs. The 

uncompressed length of one spring is 65 cm. When  tted in a 650 kg car, the 

weight compresses it to a length of 47 cm.

a. Calculate the spring’s force constant, k.

_______________
_______________

_______________
_______________

_______________
______

_______________
_______________

_______________
_______________

_______________
______

half 
turn

L3PX_2015.indb   212

8/06/14   12:11 PM

New Editions for 2017:
Both books have  

ENHANCED and EXPANDED 
questions and answers throughout and 

NCEA-Type Exam Questions

L2 Combo $35: External & Internal
L3 Combo 1 $40: External + 2 internals
L3 Combo 2 $45: External + 3 internals

COMBOs

The way the books offer a small piece of theory (with the 
associated equation) and then offers multiple opportunities at 
achievement level (to develop familiarity and confidence with 
concepts) before moving onto more complex applications, 
was perfect.

The NCEA support material at the back is a great resource.
Dave Corner, HOD Physics, Pakuranga College

“

“

Download the Year 12 and Year 13 
Technician’s Manuals for free

Both in FULL 
COLOUR

All in FULL 
COLOUR*
*Excluding 3.1 & 3.2

http://abaresources.co.nz/wp-content/uploads/2016/02/L2CTM_2016.pdf
http://abaresources.co.nz/wp-content/uploads/2015/03/L3CTM_2015.pdf

