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Abstract
Gravsys software was created with the aim to overcome student’s problems which have
difficulty in understanding the concept of gravity. This software was developed using
Scratch programming which has features to make a simple appearance in the form
of images, animations and simulations. Therefore, an innovation of software products
can be established as a learning media for students who take gravity method courses.
Broadly speaking, Gravsys has several main features, namely data input of parameter
model, creating 2D simulation of uniform object, and displays the response of the
gravitational field anomaly in graphical form, so that it can help students to understand
the concept of anomalous source objects and response to gravity anomalies caused
by source objects for various subsurface cases, seawater intrusion, water pollution,
natural resource potential (coal, iron ore), prediction of bunker existence, decrease
and increase of ground water level. In the implementation stage of Ayodya, Trangkil,
Gunungpati, the subproject layer showed that 3 layers were sandy clay with density
1,4 gr/cm3, sand with density of 2.3 gr/cm3, bedrock with density 2.6 gr/cm3, each at a
depth of 0-30 meters, 30-60 meters, and over 60 meters.
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1. Introduction

One method that is often used in mineral exploration activities is the Gravity Method
(Santoso, 2001). The Gravity Method is used to detect an anomaly of local or residual
gravity values. Gravity Anomalies are due to lateral rock layer density contrasts (Reynold,
1997). The process of proving a theory or understanding of the gravitational field
anomaly requires a clear picture of the case being studied. One of the steps to making
an illustration is to make a modeling with computer simulations ( Jacoby, 2009). Gravity
modeling is one method of interpreting gravity data to describe subsurface geometry
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structures based on rock density distribution (Rahmanto, 2009). The following is an
illustration of anomaly of a gravitational field (Figure 1).

 

Figure 1: The illustration of anomaly of a gravitational field.

Technological developments provide more and more applications that offer various
conveniences to create and design a modeling or simulation (Resnick, 2009). One of
them is Scratch, a program developed by the Massachusetts Institute of Technology
(MIT). The advantages of Scratch software are freeware so that it does not burden
usage fees for its users or derivative program makers and can be embedded into HTML
files which are the programming languages used on the internet. Another advantage of
Scratch is its capabilities and compatibility on various Operating System platforms such
as Windows, Mac, and Linux (Kadir, 2011). Scratch is a new programming language that
can be used to create games and animations (Martanti, 2013). Because its function can
be used as an animation so it can be used also to make a simple simulator regarding
the anomaly of the gravitational field. In this study, researchers created an anomaly
simulator gravitational field named GRAVSYS.

2. Theory

2.1. Ball

An anomalous spherical object applies an approach where the length dimension from
the anomaly source is << its depth from the surface. The following is an anomaly
component of spherical objects.
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Figure 2: An Anomalous of Spherical Object.

Components of gravity on the axis vertical of spherical objects (Figure 2) at one point
mass can be given by the equation:

𝑔 = 4
3𝜋𝐺𝜌

𝑅3

(𝑥2 + 𝑧2)
3
2

2.2. Horizontal cylinder

Components of gravity on the axis vertical of horizontal cylinder objects (Figure 3) at
one point mass can be given by the equation:

𝑔𝑧 =
2𝐺𝑚𝑧
𝑟2

where m is the mass of the cylinder, G is Newton’s constant of gravitation field, z is
the depth of the object and r is the distance of objects with point P on the surface. If
the cylinder has a mass density ρ, it will be obtained:

𝑔 = 2𝜋𝐺𝜌𝑅2 𝑧
𝑥2 + 𝑧2

2.3. Vertical cylinder

Response of gravity on the axis of a vertical cylinder (maximum value) is easy to calculate.
First we get the g on the axis of a disc with a thickness dl (Figure 4) The calculations
start with a ring width dr. δm = 2πρr dr dl.
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Figure 3: Components of gravity on the axis vertical of horizontal cylinder objects (Nettleton, 1976).

Figure 4: Components of gravity of vertical cylinder objects (Telford,1976).

here is to be calculated is the gravity anomaly on the z axis only to obtain:

𝛿𝑔𝑧 =𝐺 𝛿𝑚𝑐𝑜𝑠𝜃
𝑟2+𝑙2

= 2𝜋𝜌𝐺 𝑑𝑙𝑠𝑖𝑛𝜃 𝑑𝜃
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Equation (11) is initially integrated from θ = 0 to tan−1 (R/L) for the ring disk then l=z to
z+L, then the gravity value on the cylinder axis is:

𝑔 = 2𝜋𝐺𝜌∫𝑧+𝐿
𝑧 {1− 𝑙

(𝑙2+𝑅2)
1
2 }

𝑑𝑙

= 2𝜋𝐺𝜌 [𝐿+(𝑧2 + 𝑅2)
1
2 − {(𝑧 + 𝐿)2 + 𝑅2}

1
2 ]

2.4. Angled cylinder

Component on the object with a certain slope at an angle equal to the object is in an
upright position. The formulation of response to gravity on the body angle (Figure 5)
can be given as:

Figure 5: Components of gravity on the axis vertical of angled cylinder objects (Melvyn and Boniwell, 1989).

𝑔𝑧 = 𝑔𝑐𝑜𝑠𝜃.

𝑔 = 2𝜋𝐺𝜌 [𝐿+(𝑧2 + 𝑅2)
1
2 − {(𝑧 + 𝐿)2 + 𝑅2}

1
2 ] 𝑐𝑜𝑠𝜃

3. Method

The design of this program uses the SCRATCH programming language. Scratch is a pro-
gramming language developed by Lifelong Kindergarten Group at MIT (Massachusetts
Institute of Technology) Media Lab, United States. Scratch is a visual language that is
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the creation of projects using intermediaries in the form of images (Resnick, 2009).
The pattern of programming with images is a differentiator between Scratch and other
text-based programming languages such as PHP, C, and Pearl which seem more
complicated. Here is the Scratch application interface (Figure 6).

Figure 6: Interface of Scratch Applications.

4. Results and Discussion

4.1. Spherical objects

Profile of anomalies produced by the GRAVSYSmodeling program with positions spher-
ical objects and references taken from Telford (1967) can be seen in the (Figure 7).

4.2. Vertical cylinder

Profile of anomalies produced by the GRAVSYS modeling program with positions verti-
cal cylinder objects and references taken from Telford (1967) can be seen in the (Figure
8).
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Figure 7: Gravity Anomalies of Spherical Objects (Telford, 1967).

Figure 8: Gravity Anomalies of Vertical Cylinder (Telford, 1967).

4.3. Horizontal cylinder

Profile of anomalies produced by the GRAVSYS modeling program with positions hor-
izontal cylinder objects and references taken from Melvyn and Boniwell (1989) can be
seen in the (Figure 9).
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Figure 9: Gravity Anomalies of Horizontal Cylinder (Melvyn and Boniwell, 1989).

4.4. Angled cylinder

Profile of anomalies produced by the GRAVSYSmodeling programwith positions angled
cylinder objects and references taken from Melvyn and Boniwell (1989) can be seen in
the (Figure 10).

Figure 10: Gravity Anomalies of Angled Cylinder (Melvyn and Boniwell, 1989).
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5. Implementation

Implementation for field data is the result of gravity measurements in April 2018 at
the location of Nirwana Trangkil in Gunungpati. Overall distribution of gravity points as
shown in Figure 11 :

Figure 11: Distribution of gravity force points in the research location.

Modeling the Southwest (SW) - Northeast (NE) direction as shown in Figure 11. Next,
the results of the measurement on gravity along the path become the input parameters
in 2D modeling. The modeling results are shown as in the following Figure 12.

Figure 12: Cross section of subsurface structure for incision A-B.
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The picture shows the source of anomaly in the form of 3 layers of soil with the
following density : Sandstone clay 0 – 25 m (density = 1900 kg/m3), sand 25 - 40 m
(density = 2300 kg/m3), and bedrock 40 – 65 m (density = 2600 kg/m3).

6. Conclusion

From the results of this study concluded that the program has successfully created a
gravitational anomaly modeling approach spherical and cylindrical objects. It can be
seen from their suitability program output in the form of data anomalies and profile
by reference. Also obtained from the modeling that. With the same object, the surface
gravity anomaly value of these objects will increase. Long objects will be very influential
in the anomalous gravity values, the longer the object then the anomaly value will also
increase. The radius of the object bigger then gravity anomaly will also be getting
bigger. The position of objects large effect on the shape and gravity anomaly caused.
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