Goldanalytix
BAR TESTING SET
Ultrasound and density test for professionals  test the
authenticity of gold and silver
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1. Introduction
Congratulations for your purchase of the Goldanalytix Bar
testing set, the professional solution for authenticity tests
of precious metal ingots and coin bars from 250 g on.
Important! Please read the instruction manual thoroughly
before the first use of the bar testing set. Please keep in
mind that no testing method can guarantee the detection
of every possible counterfeit. We won't assume any
liability for false results.
The combination of ultrasound test and density test allows
the detection of all common material forging of gold and
silver ingots currently known with a very high probability.
The use of material of different density or other alloy
combinations can quickly be detected by the density
scales.
But there are also metals and alloys whose densities are
similar to those of gold or silver. Gold has a density of
19.30 g/cm3, while tungsten has the very similar density
of 19.32 g/cm3. The density of silver is 10.49 g/cm3, and
an alloy of the two metals tin and lead can be mixed in a
way that the resulting density is 10.50 g/cm3. Please keep
in mind that these small differences can't be detected by
standard density scales.
In these cases, one turns to ultrasound tests because
materials which have at the same time the same sonic
value and density value are  as fas as we know 
currently not available.
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2. Scope of supply
When first unpacking, please check if all of the
components and documents are included:
Screw aluminium
cone here

Precision scales for density
determination

Ultrasound testing device

 Density measurement assembly, consisting of

Water container
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Weighing pan

Lid

Measurement tray holder

Measurement tray

 Digital micrometer gauge
 Ultrasound gel
 Sachet for small components with the following content:
+ 4x fixing rods for tray holder
+ 4x nylon nuts
+ 1x aluminium top
+ 1x fixing screw

 Calculator
 Pair of tweezers
 Weighing pan (for use as "normal" scales)
 Power cable
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3. Density determination
3.1 Assembly of the density scales

1
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Put the scales on a flat and
solid surface.

2

Put the aluminium top on
the balance cone with the
screw thread by exerting
light pressure.

3

Use the included screw to
fix the weighing pan on the
aluminium top as illustrated
here. Make sure that the
vertical
surfaces
are
arranged as seen in the
opposite picture. Fasten
the screw carefully with a
screwdriver. Please be
careful while doing that
and exert as few pressure
as poissible to avoid
damages on the weighing
cell.

4

Put the empty water
container on the scale as
shown on the picture. Make
sure that the container is
positioned in the guides on
the scales.

5

Assembly of the measure
ment tray holder: Screw
each end of the 4 brass
thread rods in the expressly
conceived thread drill holes
of the measurement tray
holder.

6

Then put the 4 other ends
of the brass rods in the 4
eyelets of the measurement
tray (see opposite picture).

7

Now fix the measurement
tray with one of the
included hexagonal poly
amide nuts on each rod.

8

Then place the assembled
measurement tray holder
on the weighing pan. Make
sure to fit the gaps of the
tray holder exactly into the
side panel to guarantee a
solid stance of the tray
holder on the weighing pan.
Finished!
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3.2 Preparation for the measurement
If you don't follow the following descriptions, you'll risk
inaccuracies of the densitiy determination.
Operating time of the scales
Ideally, you'll make sure to switch on the scales already
about 20  30 minutes before the measurements.
Precision scales like the density scales need a certain
"warm up time" for best measuring results.
Ambient air temperature
The density scales have been tried and tested in most
normal and operational surroundings, where typical room
temperature of 20 to 25 °C is ideal. Whereas the device
has proven itself at temperatures of over 35 °C and under
15 °C, such high or low temperatures are ideally avoided.
The essential thing is that the temperature during the
operation  or warning time stays constant.
Temperature of the water bath
Identify the water bath's temperature and ideally use
water with about 25 °C. Don't fill in neither very cold nor
very warm water, as it influences the precision of the
density measurement. For water at room temperature,
you can use the simplified formula for density
determination without problems.
Testing sample
The testing sample has to be dry and clean shouldn't
have a layer soluble in water on it. Grease and oil layers
have to be removed before the determination.
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Immersion depth
Make sure that the liquid level between the corresponding
determinations of air value (L) and the water value (W)
doesn't change significantly. The rise of the level caused
by immerging the measuring objects are only important in
case of voluminous objects and only then has to be kept
in mind.
Air bubbles
Lightly wetting liquids (e.g. normal water) can make air
bubbles settle down to the holder or the measured object.
A bubble with a diameter of 2 mm already causes a
measurement inaccuracy of 4 mg. In order to avoid air
bubblees, please proceed as follows:
 Degrease the testing sample and the measurement tray
 After the first immersion, shake the entire assembly
slowly to remove air bubbles
 Remove more adhesive bubbles with the brush
 Clean the measurement tray regularly
Porosity of the solid object
When immerging solid objects in a liquid, not the entire air
in the (micro)pores is substituted by the liquid. This leads
to measurement inaccuricies and therefore to differing
densities of rather porous solid objects.
Quick measurement realization
If you want to establish the density of various subsequent
objects, it is recommended to first determine and note
every air value and then to do the same with all the water
values (W, see chapter 6). After that, the density values
can be calculated fast and easily.
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3.3 Performing a measurement
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1

Before measuring: Turn on
the scales and take out the
tray holder (if inserted).

2

Fill the container with pure,
clean water. The total filling
volume of the tank is 1.5 l,
so fill in about 1.2  1.3 l.
When using voluminous
objects with very high
displacement, fill in less.

3

Slowly immerge the tray
holder with the tray into the
water and put it on the
weighing pan. If there are
bigger bubbles, remove
them with the included
brush. Make absolutely
sure that no water drops
stick to a put of the
scales that pushes on the
measurement cell.

4

Close the lid.

5

Tare the scales

p = L/(LW)
Our example:

6

Put the testing sample, e.g.
a gold ingot, on the lid to
establish its air value (L).
Take a note of this value. In
our example, it's 1000.13 g.

7
8
9

Take the testing sample
and the lid off of the scales.

10

Calculate
the
density's
value with the EXCEL
software or according to the
simple, opposite formula
with a calculator.

p= 1000,13 / (1000,13948,31)
= 19,32 > exactly the
density of pure gold

11

Tare the scales.

Put the object with the
included tweezers on the
tray and establish its water
value (W). It's important
that the entire object is
under water. Wait a mo
ment until you the values is
displayed in a stable way.
In our example, it was
948.31 g. That means that
the difference between L
and W is 51.82 g. The air
value L divided by this
value equals the density; in
our example 19.32 g/cm3.

For every other measure
ment, start over at point 4.
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3.4 Interpretation and evaluation of the results
The density is defined as the quotient of the mass and the
volume of a material.
p = m/V
The density is indicated according to the international
unity system with the unity kg/m3 or g/cm3 and the symbol
p.
Theory of density determination of solids
By using a liquid of known density p0 (mostly water), the
density of the immerged solid can be established. The
solid is first weighed in air (L) and then when immerged in
water (W). The density can be established with the
following rule:
p = L/LW (p0pL)+pL
Simplified formula:
p = L/(LW)
With this formula, you'll be able to easily calculate the
density by yourself.
Example:
For one gold coin (1 ounce) of pure gold 999.9, an air
value L of 31.13 g has been established. Then the water
value (W) has been established to 29.52 g. Now you just
subtract 29.52 g (i.e. the water value W) from 31.13 g (air
value L). This equals 1.61. This value is divided by the air
value L: i.e. 31.13 divided by 1.61 which equals a density
value of 19.32 g/cm3. This corresponds exxactly to the
density of pure gold.
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Please compare the resulting values with those of
reference tables on the followin two pages.
Please keep in mind that the value measured by the
density scales can differ from the real density value
depending on the mass of the measured object. This is
fundamentally determined by the measurement principle
on which it is based. The smaller and denser the
measured object, the bigger the deviations; besides only
small amounts of water are displaced in this case. One
ounce of silver can therefore be established with les
variation than e.g. one ounce of fine gold (see graphic
below).
That means for example that a differentiation of e.g.
sterling silver (10.40 g/cm3) and pure silver (10.49 g/cm3)
isn't possible until a certain weight because then, the
theoretical deviations will be small enough. Please keep
these limitations of the density measurement principle in
mind qhen you evaluate your results.
Measurement errors depending on the mass

Ingot mass (in g)
Density deviation (in g/cm3)
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3.5 Density tables of metals and alloys
Densities of distilled water

Densities of pure metals

16

Density [g/cm3]
0.99897

Metal
Aluminium

Density [g/cm3]
2.7

17

0.99880

Antimony

6.7

18

0.99852

Beryllium

1.8

19
20
21

0.99843
0.99823
0.99802

Bismuth

9.8

Cadmium

8.7

22

0.99780

Chromium

7.2

23
24

0.99756
0.99732

Cobalt

8.9

Copper

8.9

25
26
27

0.99707
0.99681
0.99654

Gold

19.3

Indium

7.3

Iridium

22.6

28
29
30

0.99626
0.99597
0.99567

Iron

7.9

Lead

11.3

Magnesium

1.7

Manganese

7.5

Mercury

14.3

Molybdenum

10.2

Nickel

8.9

Osmium

22.6

Palladium

12.0

Platinum

21.5

Silver

10.5

Tin

5.8

Titanium

4.5

Tungsten

19.3

Uranium

19.1

T / °C

Densities of silver alloys
Alloy
Cu in %
Ag in %

Density

925

75

10.4

900

100

10.3

835

165

10.2

800

200

10.1

720

280

10.0

Densities of bullion coins
Density

Coin
Krügerrand

17.5

Maple Leaf

19.3

American Eagle

17.5

Vanadium

6.1

Philharmonic

19.3

Zinc

7.1

Yuan Panda

19.3

Zirconium

6.5
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Densities of common gold alloys
Aualloys 333
Ag in ‰
534
445
333
200
95
114
255

Cu in ‰
133
222
334
467
572
431
350

Alloy
Zn in ‰
0
0
0
0
0
114
47

Density in [g/cm3]
Sn in ‰
0
0
0
0
0
0
15

Ni in ‰
0
0
0
0
0
8
0

11.0
10.9
10.9
10.8
10.7
10.8
11.2

Aualloys 585
Density in [g/cm3]

Alloy
Ag in ‰
382.5
310
280
188
110
90
0

Cu in ‰
32.5
35
135
227
184
325
415

Zn in ‰
0
0
0
0
71
0
0

Cd in ‰
0
70
0
0
0
0
0

Ni in ‰
0
0
0
0
50
0
0

13.7
13.7
16.6
15.5
13.5
13.4
13.2

Aualloys 750
Alloy

Density in [g/cm3]

Ag in ‰
250
214
167

Cu in ‰
0
36
83

Cd in ‰
0
0
0

15.9
15.8
15.6

125
83
0
167

125
167
250
0

0
0
0
83

15.4
15.2
14.8
15.5
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3.6 Function of the precision scales
Turning the device on / off (I / O)
On the backside of the scales, you'll find the main switch
which starts the scales. The self test starts with the
display test. 8.8.8.8.8.8. has to be displayed correctly and
then you should see the nominal weight (2000.00g).
Warning
Overload ()
In case of overload,  will be displayed. In this case,
relieve the scales immediately.
Error 1 and Error 2
Error 1 shows a swinging charge and Error 2 an unstable
charge that doesn't move. Please put on the charge with
stability in both cases.
Reset (TARE)
With "TARE", you can put the scales back to 0 g. In the
case of density scales, you have to tare especially before
dipping the object in water and additionally for all
occasions where you put on the lid and weigh the testing
sample afterwards.
Important: Due to the net weight of the measurement
element for density measuring the maximum measurable
charge is reduced by the corresponding weight of the
element. This has to be kept in mind. The density of a 2
kg ingot for example can therefore not be established.
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Calibration (CAL)
Push the TARE/CAL button. You will see CAL on the
display and when a value is displayed, this weight (i.e. 2
x 500 g weights, which can be purchased from us) has to
be put on the scales. After a short time, the display will
stabilize and the calibration weight can be taken off. The
scales are now calibrated. Please calibrate the scales
always when you have assembled the density
measurement device. The scales can also be used with
the included weighing pan for normal weighing service.
But please calibrate the scales again for this case, too.
Counting mode (ZAE)

The counting mode allows you to know how many times the
weight you want to measure can be divided. Put the testing
mass on the scales. Go to the corresponding counting mode
with the [ZAE]button in the weighing range. You will see 
COU and the number 10 will flash. The [TAR/CAL]button
allows you to make the corresponding classification (from 10
to 500, classified in 10, 20, 50, 100, 250, 500). Now put the
reference weight / number of pieces on the weighing range.
Confirm with the [ZAE]button and you'll be able to weigh in
counting mode.

3.7 Specifications of the scales
Measuring range

2000/0.01 g

Net weight (without top)

1.7 kg

Functions

Autocalibration
Taring
Counting
Error display

Environmental conditions

+5 °C to +35 °C
when put in service
+10 °C to +50 °C
when stored
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4. Ultrasound examination
4.1 Functions of the ultrasound testing device
The ultrasound testing device is controlled by a
microprocessor and allows the quick and precise
measurement of the materials' thicknesses and the
speeds of sound. The device consists of a transmission
circuit, a reception circuit, a highfrequency oscillator,
CPU, a monitor and an operation button. For the
connection between testing sample and measurement
head, the set also includes 50 mL of coupling gel.
Technical data
Measurement frequency: 5 MHz
Measurement head (radius): 5 mm
Range of ultrasonic speed: 1000  9999 m/s
Display: 4digit digital display
Minimum unit: 0.1 mm
Accuracy: +/ (1% D + 0.1)mm, D describes the
measured thickness, thicknesses lower than 20 mm
have an accuracy of +/ 5%.
Working temperature: 0  40 °C
Power
supply:
3
batteries
Size: 72 x 146 x 29 mm

x

Weight: 202 g
Product can vary in colour!
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1.5

V

AAA
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4.2 Principles of the ultrasound testing device
The ultrasound examination allows the detection of
foreign material inclusions in precious metal for objects of
250 g and more.

4.3 Preparation for the measurement
Please clean the area you want to test on the sample
thoroughly before measuring. Remove dust, dirt and other
impurities with a polishing cloth.
Surface
The device is suited for surfaces that are equally sized as
or bigger than the measurement head's contact area. Too
rough surfaces (e.g. rusty surfaces) can cause
measurement errors and that's why you have to
guarantee a sufficiently smooth and flat surface. The
ultrasound device is primarily suited for testing ingots with
thicknesses of over 20 mm. Layer thicknesses below that
can't be established with sufficient accuracy anymore.
However, the device can give hints to eventual
irregularities in even these cases.
Working temperature
The measured material thicknesses and ultrasound
speeds depend on temperature. The measurement head
consists of propylene, and in order to avoid melting and
deforming, the sample's temperature shouldn't exceed
60 °C.

4.4 Performing the measurement
With the aid of a 1 kg silver ingot, we will now explain the
ultrasound test of precious metal ingots with the testing
set.
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The first step consists of calibrating the measurement unit
with the aid of the integrated measurement block made of
stainless steel. The calibration should at least be done
after every exchange of the measurement head and / or
batteries. First apply enough coupling gelt on the
measurement head and / or the stainless steel block and
push the measurement head on the testing block. Press
CAL to get to the calibration mode. Wait until the display
shows 4.0 mm, which indicates the end of the calibration.
After that, the device switches back to the selected speed
and the measurement can begin.
a) Determination of the sample's thickness with the
micrometer gauge
With the digital micrometer gauge, you can establish the
sample's exact thickness on the envisaged spot to be
measured. For easier handling, you can fix the
micrometer gauge on the included support to make the
measurement of the material's strength easier. In our
example, we established the thickness of 19.372 (we
round up to 19.4) for a Heraeus silver bar.
b) Measuring the
ultrasound device

material

thickness

with

the

Apply enough coupling gel on the measurement head
and/ or the spot you want to test. Push the measurement
head on the spot you want to measure and wait until the
material's thickness is displayed (in our example
18.9 mm). Remove the measurement head and change
the established value with the up / downbuttons until it
corresponds with the value established with the
micrometer before (in our example from 18.9 mm to
19.4 mm).
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c) Establishing the ultrasound speed
Now push the VELbutton and you'll obtain the material's
specific sonic speed. In our example, we obtained the
value 3603 m/s. As the standard reference value for silver
is 3600 m/s, we have a first hint to the fact that our bar is
made of real silver. If it had been a common counterfeit,
the established value would have been significantly
superior or inferior to the normal values of the
corresponding material.
d) Scanning the sample
In order to examine the bar for eventual inclusions of
foreign metals, it is necessary to test the bar on various
spots. The device's display has changed automatically to
the thickness display. That's the reason why it is now
possible to lead the measurement head slowly over the
(flat) bar surface in order to be able to see a changed
thickness value in cause of inclusions.
e) Saving the data
The established value can only be saved in the device's
memory space. To do so, press STORE for 2 seconds to
get into the saving mode. Press the up / down buttons
to select the memory space. In order to look at the saved
data later, push STORE for 2 seconds in normal mode
and you'll obtain your saved data. Push STORE to leave
the saving mode.
f) Switching off
The device switches itself off after 2 minutes of inactivity.
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4.5 Scanning an ingot
In this chapter, we will give a short instruction of how to
scan an ingot with the ultrasound testing device. The
ingot has been divided in half and provided with drill
holes, filled with lead. This method represents the
frequent procedure for forging of silver bars with leadtin
alloys.

1.) Measuring on a "leadfree" spot
To establish the reference value for copper, coupling gel
has to be applied on a spot of pure copper. To do that, the
bar's thickness has been established before (19.9 mm)
and this value has been adjusted in the device.
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2.) Establishing the speed value
The standard reference value for copper is of about
4700 m/s. This value has been obtained almost perfectly
for the measured thickness (push VEL to obtain the
value) and the scan can begin

3.) Scanning the ingot
In theory, the thickness value shouldn't deviate much from
19.9 mm when scanning. Should there be inclusions, we
would obtain significantly different values, which without a
doubt suggests irregularities. When we got to the first
inclusion, we obtained a significantly lower value (in this
example 8 to 9 mm), which indicates that something is
wrong on this spot..
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4.6 Tips and tricks
Surface structure
Surfaces that are too rough cause measurement errors. If
possible, only use smooth and flat surfaces for the
measurement. In the case of bars for example, don't
measure on the hallmarked spots, but on the smooth
surfaces.
Nonparallel surface
The contact area should be parallel to the opposite side,
as otherwise, one will obtain wrong values.
Temperature
Please guarantee constant
environment and sample.

temperatures

of

both

Calibration
Please realize the calibration regularly with the integrated
test block of 4 mm thickness.
Thin samples
Keep in mind for all ultrasound thickness measurement
devices: if the sample is thinner than the indicated limit of
20 mm, there can be measurement errors.
Rough surfaces
On rough, punched or other irregular surfaces on the
opposite side of the measured spot can be inexact
measurement values.
Wear and tear of the measurement head
As the measurement head is made of synthetic material,
wear and tear can happen after longer use. Polishing with
common sanding paper can help. Under certain
circumstances, it could be necessary to exchange the
measurement head.
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4.7 Comparison table for ultrasound examination
Sonic speeds in pure metals
Metal

Longitudinal sonic
speed [g/cm^3]

Aluminium

6229

Antimony

3420

Beryllium

12878

Bismuth

2000

Cadmium

2770

Chromium

6200

Copper

4750

Gold

3251

Iron

5890

Lead

1960

Magnesium

5770

Manganese

4660

Mercury

1450

Molybdenum

6250

Nickel

5639

Palladium

3250

Platinum

3960

Silver

3607

Tin

3300

Titanium

5900

Tungsten

5180

Uranium

3380

Zinc

4170
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5. Environment and disposal information
Used electric and electronic devices can't be disposed of
in unsorted residential waste according to European
requirements [1], but have to be separated. The symbol of
the wheeled rubbish bin indicates the necessity of
separation. Participate in protecting the environment.
Make sure that you dispos of this device in the systems
intended for this purpose in the separate collection, if you
don't want to use the product anymore.

[1] Directive 2002/95/EC of the European Parliament and
of the Council of waste electrical and electronic
equipment.
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a registered trademark of
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