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Read this manual thoroughly before you use the product. 

Keep this instruction manual for future reference. 

 

 



 

 

Introduction 
 

Read this Instruction Manual thoroughly before using the  

product. 
 

Thank you for purchasing this product. 

This kit is designed to enable measurements of solid samples both in air and liquid. After 

measurements, the balance calculates and displays the density or specific gravity of samples. The 

kit is also applicable to liquid density measurements by adding a sinker. 

This Instruction Manual describes the procedures to use the product. Read this manual thoroughly 

before using the product and operate the product in accordance with the instructions in this manual. 

 

Keep this manual for future reference. 

 

 

 

IMPORTANT 
 If the user or usage location changes, ensure that this Instruction Manual is always kept 

together with the product. 

 If this manual or a product warning label is lost or damaged, immediately contact your 

Shimadzu representative to request a replacement. 

 To ensure safe operation, read all Safety Instructions thoroughly before using the product.  

 

 

 Notice 
 Information in this manual is subject to change without notice and does not represent a 

commitment on the part of the vendor. 

 Any errors or omissions which may have occurred in this manual despite the utmost care 

taken in its production will be corrected as soon as possible, although not necessarily 

immediately after detection. 

 All rights are reserved, including those to reproduce this manual or parts thereof in any 

form without permission in writing from Shimadzu Corporation.  

 

 

© 2019 Shimadzu Corporation. All rights reserved. 
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Warranty 
Shimadzu provides the following warranty for this product. 

1. Period: Please contact your Shimadzu representative for information about the 

period of this warranty. 

2. Description: If a product/part failure occurs for reasons attributable to Shimadzu  

during the warranty period, Shimadzu will repair or replace the 

product/part free of charge. 

3. Limitation of 

Liability: 
1. In no event will Shimadzu be liable for any lost revenue, profit or data, 

or for special, indirect, consequential, incidental or punitive damages, 

however caused regardless of the theory of liability, arising out of or 

related to the use of or inability to use the product, even if Shimadzu 

has been advised of the possibility of such damage.  

2. In no event will Shimadzu's liability to you, whether in contract, tort 

(including negligence), or otherwise, exceed the amount you paid for 

the product. 

4. Exceptions: Failures caused by the following are excluded from the warranty, even if 

they occur during the warranty period. 

1. Improper product handling 

2. Repairs or modifications performed by parties other than Shimadzu 
or Shimadzu designated companies 

3. Reasons unrelated to the product itself 

4. Product use in harsh environments, such as those subject to high 
temperatures or humidity levels, corrosive gases, or strong vibrations 

5. Fires, earthquakes, or any other act of nature 

6. Strong vibration or impact due to dropping the product 

7. Consumable items 

After-Sales Service and Availability of  

Replacement Parts 

After-Sales Service 
If this product does not operate properly or seems to have a problem, 

contact your Shimadzu representative. 

Replacement Parts 

Availability 

Replacement parts for this product will be available for a period of 

seven (7) years after the product is discontinued. Thereafter, such 

parts may cease to be available. 

Note, however, that the availability of parts not manufactured by 

Shimadzu shall be determined by the relevant manufacturers. 

 

ⅱ 



 

 

Safety Instructions 
To ensure safe product operation, read these important safety instructions carefully before use and 

follow all WARNING and CAUTION instructions given in this section.  

 

The levels of danger and damage that will arise if the product is used incorrectly are classified and 

indicated as shown below. 
 

Indication Meaning 

 
Indicates a potentially hazardous situation which, if not 
avoided, could result in serious injury or possibly death. 

 
Indicates a potentially hazardous situation which, if not 
avoided, may result in minor to moderate injury or equipment 
damage. 

 

Precautions that need to be observed are classified and explained by using one of the symbols 

below. 

Examples of symbols are shown below. 

Indication Meaning 

 

Instructions 

Indicates an action that must be performed. 

 
Prohibitions 

Indicates an action that must not be performed. 

 

 
 

 WARNING 

 

Prohibitions 

Do NOT modify, disassemble, or repair the product without 
permission. 
Doing so may cause the product to operate abnormally. 
If the product seems to have a problem, contact your Shimadzu 
representative. 

 

Prohibitions 

Do NOT use the product outdoors or anywhere that is exposed to 
water. 

 

 

 

 

 

 

 

WARNING 

CAUTION 

iii 



 
 

 CAUTION 

 

Prohibitions 

Do NOT use the product in areas below. 

Doing so may cause a failure. 

 Areas with extreme temperature 
changes 

 Areas with vibration 

 Areas exposed to direct sunlight 

 Areas with erosive or flammable gases 

 Areas with dust, electromagnetic 
waves, or a magnetic field 

 

Instructions 

Install the product on a strong, stable, flat table or on the floor. 
Installing the product on an unstable surface may lead to an injury or 
product failure. 
Be sure to leave sufficient space for measurement work. 

 

Instructions 

Handle the product carefully. 
Handle the product carefully when installing it on a balance and 
removing it. Applying a shock to the balance may cause a failure. 
When moving the balance, be sure to remove the product beforehand. 
To store the product for a long period of time, store it in the packaging 
box that it was delivered in. 

 

Prohibitions 

Do NOT install the product on balances other than the ones 
specified by Shimadzu. 
Be sure to install the product in accordance with the procedures 
described in this Instruction Manual in order to avoid problems. 
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1. Part Names and Appearance 
 
Unpack the product and confirm that all parts listed below are present. 
 

Part Name Quantity Part Name Quantity 
(1)-1 Combination Pan 

(for sinking samples) 
1 (4) Tank Table 1 

(1)-2 Combination Pan 
(for floating samples) 

1 (5) Thermometer 1 

(2) Pan Frame 1 (5)-1 Thermometer Stopper (rubber) 1 
(3) Tank 1 (6) Thermometer Holder 1 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Included Parts 

  Installed SMK-501 
Combination Pans 

Lower pan 
for weighing 
in water 

(4) 

(3) 

(2) 

(1) 

(5) 

(6) 
(5)-1 

Upper pan 
for weighing 
in air 

 
 
 
 
 
 
 
 
 
 
 

Sinker for measuring 
liquid density (option) 
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2. Principle of Measurement 
AT-R series calculates "Specific Gravity of the Solid" and "Liquid Density". The specific gravity of the sample 
can be determined by entering the specific gravity of the solvent instead of the density ρ in the following 
equations (1), (2), (3), and (4). 
 

2.1. Specific Gravity of the Solid 
 

Samples submerged in a liquid are exposed to buoyancy that is equal to the weight of the liquid of the 
sample volume. Therefore, the weight of the sample is measured in air and then measured again in a liquid. 
The specific gravity of the sample is then calculated using these measurement values and the density of 
the liquid. The solid sample's density ρ is calculated by the formula below. The calculation formula differs 
depending on whether the buoyancy in the air is corrected or not. The air correction of Density can be 
switched by setting “AIR.COR” menu (The formula (1) and (2)). 
The balance calculates the specific gravity using the formula and displays the result. 
This formula is derived from Archimedes' Principle (when an object is immersed in a fluid, it is exposed to 
buoyancy that is proportional to the weight of the fluid displaced by the object). 

 
Formula which does not include air 

buoyancy correction 
Formula which does include air buoyancy  

Correction 

 
      : Weight of sample in air 
 
     : Weight of sample in water 
 
     : Density of liquid used (normally water) 
 

 
        : Weight of sample in air 
 
        : Weight of sample in water 
 
        : Density of liquid used (normally water) 
 
        : Density of air 0.0012 g/cm3 

 
Note: If you enter the specific gravity of the liquid instead of the density of the liquid, the specific gravity 

of the solid sample is displayed. 
The specific gravity of a liquid can be determined by the following equation. 
Specific gravity of liquid = (density ρl of the liquid at the time of measurement) / (Density of 4℃ 
water [0.999973 g/cm3]) 
For the liquid density ρl at the time of measurement, refer to Appendix 1. Table of temperature 

 density of medium. For the specific gravity of the liquid obtained by the above formula, select 
 "OTHER" in 4.1. 1.  
Preparation for solid gravity measurement Step 5: Submersion of sample    solution setting and 
enter the value.  
For the AT-R series, enter four digits after the decimal point, so the specific gravity of the fluid is 
the same as that shown in Appendix 1. Table of temperature density of the fluid medium. 

 
 

2.2. Liquid Density 
 

The weight of a weight (sinker) with a known volume is measured while hanging in the sample liquid. The 
density of the sample liquid is calculated by the buoyancy exerted to the weight (sinker) in the liquid and 
the weight's volume. The liquid density  is calculated by the formula below. 
This formula is derived from Archimedes' Principle. The balance calculates the density using this formula 
and displays the result. 
 
 
 
 
 
 

*Formula (1) *Formula (2) 
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Formula which does not include air 
buoyancy correction 

Formula which does include air buoyancy  
Correction 

 
 
 
 
 
      : Weight of sample in air 
 
     : Weight of sample in water 
 
     : Volume of the weight used 
 

 
 
 
 
 
 

        : Weight of sample in air 
 
        : Weight of sample in water 
 
        : Volume of the weight used 
 
        : Density of air 0.0012 g/cm3 

 
Note: Liquid specific gravity cannot be directly displayed by the balance. To convert to specific  
gravity, divide ρ by the density of water. 
 

Note: Calculate V accurately using the formula below in advance and enter it. Use this product to measure  
the sinker in air and water in grams (g) to display the value. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Formula (3) *Formula (4) 

Wａ‐WＷ 
Ｖ ＝ ρＷ 

Wａ : Weight of the sinker in air ("g" reading on the balance) 
Wｗ : (Apparent) weight of the sinker in water ("g" reading on the balance) 

ｗ : Density of water used (Measure the temperature and calculate the density using 

the density table) 

Wa - W1 
 = 

V 
+ a  

Wa - W1 
 = 

V 

V V 
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3. Installation 
 

1. Be sure to remove the AC adapter from the balance before installing the kit. 
 

2. Open the glass door of the weighing chamber of the balance and remove the pan, pan supporter, and 
plate ring. 

 

 
 

3. Gently place the pan frame (②) of the specific gravity measurement kit on the pan supporter shaft. 
 

  
 

4.  Place the tank table (④) in the weighing chamber in a way it does not contact with the pan frame (②). 
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5.  Place a combination pan ((①)-1) on the pan frame (②). Align the center of the upper pan to the notch of 

the pan frame. 
 

 
 
 
 
 
 
 
 
 
 
 

 

6. Close the glass door, connect the AC adapter, and turn ON the power. Wait until automatic self-check is 
complete and [OFF] is displayed. 
Note: Before turning ON the power, the tank filled  

with liquid is not set. 
Be sure to close both doors before turning ON the power. 

 
 

 7．Press the [      POWER] key 
so that the weight is displayed in grams (g).  
When using a ATX-R series adjust the sensitivity 
by internal weight calibration. In the case of ATY series, 
Calibrate with an external weight with placing external weights  
on the upper pan such as figure. 

  
 
 
 
 
 

8. Attach the thermometer holder (⑥) to the tank. Pass the thermometer (⑥) through the groove on the 
thermometer holder (⑥) and attach the provided thermometer stopper (rubber) ((⑤)-1) to hold 
thermometer. 
Note: The thermometer comes with two types of rubber. To fix the thermometer on the  
thermometer holder, use the ring type rubber. The other type is to prevent the thermometer from 
rotating. Attach the rubber near the upper end of the thermometer. 

Pour the liquid to be used. (You can change the position of the thermometer by changing the position of 
the thermometer stopper (rubber)) 

 
 

    
 
 

9． Remove the combination pan and place the tank at the center of the tank table 

 

10．Place the combination pan on the pan frame again and confirm that the lower 
pan is not contacting the wall of the tank. 

 

 

 
[OFF] Displayed  

on the Screen of AT-R Series Analytical Balance 
 

 
Overview of the external 

weights on the pan. 
 

Enlarged Photo of the Area Where 
the Thermometer Is Attached 
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4. Measurement 
Note: For the operation, refer to the “3 MENU SETTING” in the ATX-R, ATY-R instruction manual. 

 

6.1 Solid specific gravity measurement 
4.1.1 Preparing for Solid Specific Gravity Measurement 

 

1. Solid specific gravity mode setting 
 

① Press       [MENU] key 2 times from gram display. 

② Press until       [UNIT] or      [MENU] until " APL.FUNC" is displayed.               

After Press      [PRINT].  

③ Press       [UNIT]  or      [MENU] until "SG" is displayed. After press  

 [0/T] “SET" is displayed to indicate that the specific gravity measurement   

 has been set. 

④ Press      [UNIT] or      [MENU] until “S.SG” is displayed.  After press  

[0/T].  “SET" is displayed to indicate that the solid specific gravity measurement  

has been set. 

⑤ Type of solvent setting. 
 
Press                               [0/T] , [ WATER] or [ETHL] , [METHL] or [OTHER]. 

    "SET" is displayed to indicate solvent has been set. 

⑥ Input the solvent temperature  

When “L.TEMP” is displayed, Enter liquid temperature 

           After press        [0/T] . The input range of  

the liquid temperature is 10.0℃ ~ 35.0℃. 

In the case of select [OTHER], Enter the liquid Density. 

 
 

When solid specific gravity is measured 
 

       If you enter the specific gravity of the liquid instead of the  
fluid density, the specific gravity of the solid sample is 
displayed. 
The specific gravity of a liquid can be determined by the  
following equation:. 

Specific gravity of liquid = (density ρl of the liquid at the time of measurement) /  
(Density of 4℃ water [0.999973 g/cm3]) 

For the liquid density ρl at the time of measurement, refer to Appendix 1. Table of temperature density 
of medium. 
Enter the specific gravity of the liquid obtained in the above formula by selecting "OTHER" in the 
medium for immersing the sample in step 5. 
For the AT-R series, enter four digits after the decimal point, so the specific gravity of the fluid is the 
same as that shown in Appendix 1. Table of temperature density of the fluid medium. 
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Input of solvent temperature 
 

Correlation data for the solvent density depending on the 
temperature is pre-entered on the balance. 
When the solvent temperature is entered, 
the solvent density is automatically calculated. 

 
⑦ After entering the solvent temperature, the set solvent density is displayed for 3 seconds, after the 

solid specific gravity measurement mode start. In the case of [OTHER] is selected, solid density 

measurement mode start, after enter the solvent density input.  

 

 2．  Data hold function setting   
① Press      [MENU] key 2 times from gram display 

② Press until     [UNIT] or      [MENU] until " APL.FUNC" will be displayed.          

After Press      [PRINT].  

③ Press     [UNIT] or      [MENU] until "SG" will be displayed. When the stability mark (→) 

is displayed, press the      [PRINT]. In the case stability mark (→) is not disappear, press  

[0/T]. 

④ Press      [UNIT] or     [MENU] until “SG.HOLD” 

will be displayed. 

⑤ In the case of (→) mark is displayed, the data hold 

function is working.  

The data hold function can work or it does not work  

with press           [0/T] .            

⑥ Press the      [BREAK] with several times, 

or press      [BREAK] for 3seconds,the specific 

gravity measuring mode start. 

  
About the Data Hold Function 
   

When the data hold function is turned on, the result of solid specific gravity value is maintained  

until press      [UNIT]. 
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3．Select the equation for density/specific gravity (Turn the "AIR.COR" setting on or off) 

 

① Press      [MENU] key 2 times from gram display. 

② Press      [UNIT] or      [MENU] until " APL.FUNC" is displayed.  

After Press     [PRINT]. 

③ Press   [UNIT] or     [MENU] until "SG" is displayed. When the stability mark (→) will be 

displayed, press     [PRINT]. At the case of stability mark (→) will not be disappeared, 

  press       [0/T] . 

④ Press    [UNIT] or      [MENU] until "AIR.COR" will be displayed.  

 

⑤ In the case of (→) mark is displayed, the “AIR.COR” 

function working.  

The “AIR.COR” function can work or it does not work with press          [0/T] . 

⑥ Press the      [BREAK] with several times  

or press      [BREAK] for 3seconds,the specific  
gravity measuring mode start.  

 

“AIR.COR” function 

When the “AIR.COR” function is turned on, the solid/liquid density is calculated using a formula 

that includes correction of buoyancy in air (2.1. Solid density Formula (2) and 2.2. Liquid density 

Formula (4) are used). 
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4.1.2 Measuring Solid Specific Gravity 
 

1． Ensure that solid specific gravity measurement  
2． mode is selected (such as right figure).  

 
  In the general measurement mode 

 
" Set to solid specific gravity mode with refer to 1. Solid specific gravity mode setting in the 4.1.1 reparation  

for solid specific gravity measurement. 
    
 2． Weight of sample in air 
  

① Put the sample on the upper pan of combination pans. 

② When the stability mark(→) is displayed.  

Press     [UNIT] , after “ SINK” will be displayed.     

3．Weight of sample in water (liquid) 
 

① Move the sample from the upper pan to the lower  

pan in the solvent(water).   

② Press    [UNIT]. 

 4． Read the solid specific gravity value 
  

Read the calculated solid specific gravity value.   

       
Press      [PRINT] , The printer print out solid specific gravity result. 
 
(Connect the printer and weighing balance, before setting solid specific gravity measurement).  

   
  5． Remove a sample from the lower pan 
 

To carry out further measuring, press      [UNIT],  and then start with “2. Measurement 
 
of sample of sample in the air". 
 

If the calculated solid density value is less than or equal to zero, "---" will be displayed. 
 
 
 

4.1.3  Weighing sample that float in the liquid 
    

Formula (1) in 2.1 derived from Archimedes' Principle is also applicable to objects lighter than liquid. 
The solid specific gravity (density) measurement function of the balance can be used to weigh samples 
that float in water without any alteration. 
To weigh floating samples, use combination pan (1) -2 (See page 1). Immerse the entire sample below 
the lower pan so that it does not float. When the sample has a high buoyancy, place something that can 
serve as a dummy weight on the upper pan in advance to prevent the entire combination pan from  
 
floating. Then, press the           [O/T] key to subtract the tare weight and start weighing in air. 
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6.2 Liquid Density Measurement 
In liquid density measurement, the weight of a sinker (solid) with a known volume is measured in air and 
liquid to be measured in order to calculate the liquid density. The specific gravity measurement kit 
enables easy liquid density measurement as shown below. 

 

4.2.1 Preparing for Liquid Density Measurement 
 
 1．Confirm the gram display(standard mode), to calculate the sinker’s volume. 

 
 In the applied measurement mode 
 

 Press  [MENU] for about 3 seconds to switch to the gram display(standard mode). 
 
 2． Calculate the sinker volume. 
 

①  Fill the water tank with water and stabilize it at ambient temperature. After measure the water  

temperature with a thermometer. 

②  Remove the combination pans, and remove water tank from the tank table.   

③  Press           [0/T] to display zero, after (→)mark is displayed. 

④  Hook the sinker on the pan frame to weigh in the air.  

⑤  Press        [0/T] to display zero, after (→)mark is displayed.  

⑥  Place the tank containing water on the tank table and hook sinker on the pan frame again  

so that the entire sinker is immersed in water. 

⑦  When the stability mark lights up, record the displayed value as WW.                               

Note: Be sure to completely remove the sample solution attached on the sinker and dry the 

sinker before using it for next measurement. 

⑧ Determine the sinker's volume V (cm3) using the formula below.  

 
 
 
 
 

Wa: Mass of the sinker measured in air ("g" reading on the balance) 
Ww: (Apparent) mass of the sinker measured in water ("g" reading on the balance) 

w: Density of water used (Measure the water temperature and calculate the density using the 
temperature-density table on the following page) 

 
 

 

Wa - WW 

V = 
W 
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Water Temperature-Density Table 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
3.  Set the liquid density mode 

 
① Press      [MENU] key 2 times from gram display. 

② Press until      [UNIT] or      [MENU] until " APL.FUNC" is displayed.                

After Press      [PRINT].  

③ Press     [PRINT] when "SG" is displayed and the stability mark (→) is appeared. 

In the case of the stability mark (→) is not disappear, press the      [0/T] .      

④ Press      [UNIT] or    [MENU] until “L.DES” is displayed. 

After Press           [0/T] . “SET” is display that is liquid density mode is set. 
 

⑤ Press the           [0/T] when “S.VOLUM” is  
 
displayed. 

 
⑥ Input the sinker volume (refer to right figure),  

 
Press the           [0/T]  . 

 
  
 

 

 

The "#" mark indicates that the balance is in the numeric input mode. is shown. Flashing the leftmost 

digit of a number and changing the value. 

 
 
 
 
 
 
 

Temperature 

[℃] 

Densityρw 

[g/cm3] 

Temperature 

[℃] 

Densityρw 

 [g/cm3] 

Temperature 

[℃] 

Densityρw 

[g/cm3] 

 0.9997 19 0.9984 28 0.9963 
11 0.9996 20 0.9982 29 0.9960  
12 0.9995 21 0.9980 30 0.9957 
13 0.9994 22 0.9978 31 0.9954 
14 0.9993 23 0.9976 32 0.9951 
15 0.9991 24 0.9973 33 0.9947 
16 0.9990 25 0.9971 34 0.9944 
17 0.9988 26 0.9968 35 0.9941 
18 0.9986 27 0.9965   
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Note: Sinker volume calculation example 

 When the value is calculated assuming that the water temperature is 25 C from the following the 
formula.                      
 
Measurement of Sinker's Mass Wa= 0.0000g in Air (Example) on the previous page, 
Measurement of Sinker's Mass Ww=－4.4782g in Water (Example) on the previous page 
The density when the water temperature is 25 C is 0.99705 g/cm3 according to the Water 
Temperature-Density Table above. 

 
 

 V =  
 

= 4.491224551(cm3)  4.4912 (cm3) 
 

⑦ After the sinker volume is input, "SET" is displayed for 3 seconds, and the fluid density 

measurement mode is activated. 

  
Refer to page 7 for the setting of the “data hold function” and the selection of the 
“density/specific gravity formula”. 

 
4.2.2 Measuring liquid density 
 

1. Ensure that liquid density mode is selected 
 (such as right figure).  
 

 
 
 

In the general measurement mode 
 Set to solid specific gravity mode with refer to 1．Solid specific gravity mode setting in the “4.2.1 Prepare 
the liquid density mode” and “3. Set the liquid density mode”. 

 
 

 

2. Weighing the sinker in the air. 
 
①  Remove the combination pans, and remove water  

 tank from the tank table. 
 

②  Press           [0/T] to display zero. 
 

③  Hook the sinker on the pan frame to weigh in the air.  

 

 
 

④  Press      [UNIT] to display zero, after (→) mark will be.  
 
 After remove the sinker from the frame when the “SINK” will be.  
 

 
  
 
 
 
 

0.9971 (g/cm3) (density of water at 25 C) 

0.0000 (g) (sinker's weight in air) – (－4.4782 (g) (sinker's weight in water)) 
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3. Weighing the sinker in the liquid(sample). 
  

① Put water tank that it is filled with liquid sample, on tank table. 
  

② Surface Tension on the frame to weigh in the liquid. Surface Tension 

Be careful not to leave any air bubbles on the sink and put it in the water tank. 

③ Press     [UNIT] to display zero, after (→) mark will be.  

 
 

4. Read the liquid density value 
 

 Read the calculated liquid density value.   

Press      [PRINT] , The printer print out liquid density value result. 

 

If the liquid solid density value is less than or equal to zero, "---" will be displayed. 
 

 
5. Put off the sinker from the frame and remove the water tank form the tank table. 
 

To start further measuring with press      [UNIT] ( start from “2. Sinker measuring in the air”). 
 

 
 
Wipe off sample (liquid) on the sinker, before the next measuring. 
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5. Measurement Accuracy 
 
There are various possible causes of error in density measurement. Proper knowledge and 
precaution is essential to obtain accurate results using this instrument. 
 

5.1 Significant Figures 
 
In the density (or specific gravity) measurement mode of the balance, results are always 
displayed with four decimal places. However, this does not mean stability down to the last 
digit, as the displayed value is a computed result. Attention has to be paid to the 
computation and the weighed results used in computation. 
Observe the computation for solid density as an example. To ensure significant figures in 
the final result, the denominator and the numerator of the expression (1) of 2.1 and the expression (2) of 2.1, 
the expression (3) of 2.2 and the expression (4) of 2.2 also need to bear the desired significant figures. If 
either of them are unstable and inaccurate, the displayed result is unstable or inaccurate. 
Example: Solid density measurement 

Wa 
ρ = ――――――― ρl ·········· (1) (Chapter 2.1) 

Wa － Wl 
Wa : Specimen weight in air 
Wl : Specimen weight in the liquid 
ρl : Density of medium liquid (usually water) 
Generally speaking, if the specimen is heavy, it contributes to accuracy in results. Because the significant 
figures of the nominator including Wa can be more if the weight is larger. If the density (or specific gravity) of 
specimen is small, it also contributes to accurate results because it makes the buoyancy (Wa − Wl) larger.  
The significant figures of denominator of (1) or denominator of (2) can be larger. Note that accuracy of ρl 
included in the nominator is also essential for to be accurate. The significant figures of ρ cannot be more than 
the smallest one of all the above items. The concept is the same for liquid density measurement and sinker 
volume calculation. 
 
5.2.  Deviation Causes 
 
5.2.1. Air bubbles 

Even a small air bubble attached on a solid sample or lower pan influences measurements. For example, if an 
air bubble of 1 mm3 is attached, the measured buoyancy in water increases by approximately 1 mg. This 
causes a deviation in the last two digits on analytical balance, reduces significant figures, and reduces the 
reliable number of digits in the final result. In order to prevent air bubbles, immerse the lower pan in water and 
then place the solid sample on the pan when performing measurement in water. 
After immersing the solid sample or sinker for measurement in water, check for any air bubbles attached to 
them, and remove them if any. When removing air bubbles, prevent the liquid from attaching to the wires 
supporting the lower pan. 
Liquid attached on the wires increases the weight during measurement, causing deviation. Do not touch the 
sample with bare hands. 
Oil on the solid surface attracts air bubbles. 
 
5.2.2. Solid Samples 

If a solid sample is extremely large in volume, it raises the liquid surface substantially when it is submerged in 
the liquid. For this reason, an additional part of the wires supporting the pan is immersed and the measured 
buoyancy becomes greater than the actual buoyancy. 
Because the diameter of the wires is 0.5 mm, the cross sectional area of two wires is approximately 0.4 mm2. 
When the wires are immersed 1 mm deeper, the measured buoyancy becomes approximately 0.4 mg greater. 
The cross sectional area of the provided tank is approximately 55 cm2. 
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5.2.3. Liquid Samples and Sinker 

If you use a small beaker for liquid density measurement, you can perform measurement using only a small 
amount of sample. In this case, a sinker with a small volume is used. However, using a sinker that is too small 
decreases the significant figures of the final result. 
As shown in the expression (3) in 2.2 or the expression (4) in 2.2, the buoyancy and sinker's volume are the 
denominator and numerator of the formula for calculating liquid density. Therefore, both values need to have 
sufficient significant figures and measurement accuracy. 
 
5.2.4. Solvent 

The temperature of liquid needs to be accurately measured and measurement needs to be performed with no 
temperature variation. Water density changes approximately 0.01 % per degree Celsius. Therefore, if the 
temperature measurement has a deviation of 1 C, this factor alone makes the fourth digit of the final result 
unreliable. 

Note: Alcohol can be used for measurement of water-absorbing or water-soluble solid samples. In this 
case, deviation caused by possible vaporization needs to be considered.  

 
5.2.5. Surface Tension 

The state where wires of the lower pan contact the liquid surface may be slightly different in each 
measurement. For this reason, the deviation caused by surface tension sometimes influences the 
reproducibility. When the reproducibility is poor, drop a small amount (two or three drops) of commercial 
kitchen detergent to weaken the surface tension. 
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Appendix 1. Solvent Temperature-Density Table 
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Appendix 2. solid density measurement accuracy 
 
The accuracy of the solid density measurement using the specific gravity measuring kit SMK -501 and the 
balance is shown below. However, the values in this table are calculated by calculation, and the error may be 
large depending on the sample to be measured or the measurement conditions. 
 
Example of how to look at the table: If the solid sample is 1g and the density is 3g/cm3, an error of ± 0.002 can 
occur. Therefore, the measurement results may vary within the range of 2.998 ~ 3.002. 
 
 

Density (specific gravity) Measurement Estimated Maximum Error 
(Minimum 0.1 mg of balance) 

Mass of sample (g) 
 
sample 
Density (g/cm3) 
or specific gravity 

1 5 10 100 200 300 

1 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 
3 0.002 0.0004 0.0003 0.0001 0.0001 0.0001 
5 0.003 0.001 0.0004 0.0002 0.0002 0.0002 
8 0.004 0.001 0.0006 0.0003 0.0003 0.0003 
10 0.005 0.001 0.0008 0.0004 0.0003 0.0003 
12 0.006 0.002 0.001 0.0004 0.0004 0.0004 
20 0.01 0.003 0.002 0.001 0.001 0.001 
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