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Abstract. Pencil leads can be used to draw resistors, which are low-cost and easy to obtain. 
Not all types of pencils are considered good for pencil resistors because pencil lead is made up 
of graphite, an allotrope of carbon. Resistance of graphite varies with the grades used during 
manufacturing, as such we aimed to review and test several types of pencils would be best for 
developing DC pencil circuits. The resistance of pencil traces was found to depend on pencil 
grade used in drawing, width, and thickness or numbers of layers. The 6B grade was found to 
be the best pencil for drawing resistors. The applied pressure and bending paper inward and 
outward was found to affect the resistance. 

1 Introduction 
Pencil lead does not contain any metallic lead but composed mostly of graphite powder held together by clay and 
wax binders. Pencil leads are graded from 9B to 9H according to a ratio of graphite to clay. A letter ‘H’ indicates 
the hardness due to higher clay content, and a letter ‘B’ indicates the blackness due to higher graphite content. 
The difference in blackness arises from the different relative fractions of graphite between harder and softer 
pencil leads. Pencil leads and pencil trace on paper can be used as low-cost and adjustable resistors [1, 2]. Other 
experiments can be conducted with pencil leads such as RC circuit on paper [2] and the Hall Effect to investigate 
iron filing clay composition in pencil lead [5]. This study aimed to review and test several grades of pencil leads 
that would be best for using in DC circuits.  
 
 
2 Materials and method 
In order to control pencil grade, Staedtler brand of pencils and pencil leads (in a cylindrical shape with 
cone tip) were used in this study. Pencil trace resistor is layers of line drawn on an A4 sheet of paper 
with 80 gsm (grammage or grams per square metre). The resistance of pencil trace depends on line 
thickness, so the applied force during hand drawing is really important. The same person makes all 
pencil traces in all experiments. 
 
3 Results and Discussion 
3.1 Resistivity of pencil leads  
This part is to determine resistivity ( ρ ) of graphite rod and pencil leads including 4B, 2B, B, HB, H 
and 4H. The resistance R  of each grade were measured with different lengths  and plotted graph in 
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