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Abstract: The paper presents an integrated approach to teaching geometry and computer-aided graphics 

using the “Witch of Agnesi” as a case study. Mathematical concepts are combined with CAD tools to 

illustrate the connection between theoretical geometry and digital design. First, the curve is constructed in 

AutoCAD using auxiliary elements and projections, showing its geometric generation. The resulting 

geometry is then transferred to Autodesk Inventor for freeform modelling, where the curve guides the creation 

of a three-dimensional shape. This process enables the study of surface continuity and curvature variation. 

Moving from plane geometry to freeform surfaces supports the development of spatial reasoning and 

visualization skills, highlighting the educational value of freeform modelling in geometry and CAD 

instruction. 
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1. INTRODUCTION 

 

The curve “Witch of Agnesi” is a plane cubic curve 

with a smooth, bell-like shape that is symmetric with 

respect to the vertical axis [1], [2]. From a mathematical 

standpoint, it has a horizontal asymptote (the x-axis) and 

is defined by the equation (1), where 𝑎 represents the 

radius of the generating circle [2], [3]. 

 

𝑦 =
𝑎3

𝑎2+𝑥2
    (1) 

 

 
 

Figure 1 ”Witch of Agnesi”. 

 

Although the original ”Witch of Agnesi” is widely 

used in physics to approximate spectral energy 

distributions, the ellipse versiera is useful in architecture 

and computational geometry for modelling free-form 

surfaces using panels of simple curvature [4]. 

 

2. 2D&3D MODELLING 

 

2.1 2D modelling in AutoCAD software 

In the initial stage of the geometric construction of 

”Witch of Agnesi”, the working framework was defined 

by drawing a rectangle with dimensions of 500 × 250 mm, 

used as the boundary of the curve. In the centre of which 

a circle with r = 40 was positioned, through the extreme 

vertical points of the circle two horizontal tangents were 

drawn, upper and lower, from the lower point of tangency 

of the circle 18 lines were generated uniformly distributed 

over an angular interval of 90°, each line at an angular step 

of 5°, thus performing the initial sampling necessary to 

obtain the characteristic points of the curve through 

successive intersections (Figure 2). 

 
 

Figure 2 Intermediate construction of  ”Witch of Agnesi”. 

 

In the next stage of the construction, the discrete points 

belonging to the curve were determined through a 

systematic process of geometric intersection, for each of 

the 18 previously generated lines, the intersection point 

with the upper tangent was identified, through which 

vertical lines (the red lines) were drawn, used as projection 

lines.  

Then, for each direction, the intersection point with the 

circle was determined, and through this, a horizontal line 

was constructed, parallel to the tangents of the circle, 

extended to the intersection with the corresponding 

vertical. The intersection between these two auxiliary 

lines, the vertical associated with the upper tangent and the 

horizontal associated with the point on the circle, defined 

a discrete point belonging to the ”Witch of Agnesi”.  

Repeating the procedure for all angular directions led 

to obtaining an ordered set of characteristic points, which 

were subsequently interpolated by a spline curve, resulting 

in the first half of the curve, which was then reproduced 

by axial symmetry with respect to the vertical axis passing 

through the centre of the circle to obtain the complete 

configuration (Figure 3). 

 

 
 

Figure 3 Final construction of ”Witch of Agnesi”. 
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2.2 3D modelling in Autodesk Inventor software 

In the first step, the 2D .dwg file previously created in 

AutoCAD was imported into Autodesk Inventor using the 

Import CAD File command (Figure 4). 

 

 
 

Figure 4 Importing ”Witch of Agnesi” into Autodesk Inventor. 

 

After the import is complete, the ”Witch of Agnesi” is 

copied and pasted into a new part file (.ipt). The copied 

curve is integrated into a new sketch, where it can be used 

for subsequent operations involving the generation of free 

surfaces. 

The modelling of the free surfaces continued by 

defining two reference planes, respectively, the first plane 

was positioned in the main coordinate system, on the XY 

plane. On this plane, two parallel lines were drawn, each 

with a length of 500 mm, spaced 250 mm from each other, 

these will serve as guiding elements for subsequent 

operations. 

The second work plane was created parallel to the first, 

at a distance of 250 mm in the Z-axis direction. On this 

plane, the ”Witch of Agnesi”, previously imported from 

AutoCAD into Autodesk Inventor (Figure 5), was 

inserted. 

 

 
 

Figure 5 The 2 parallel planes. 
 

To control the free-form, two more work planes were 

defined, perpendicular to the previously created planes. 

Each of these planes is perpendicular to both the base 

plane (XY) and the upper plane on which the ”Witch of 

Agnesi” is positioned. A connecting line was drawn on 

these lateral planes, each connecting the extremities of the 

parallel lines defined on the lower plane with the 

corresponding points of the imported curve. These lines 

function as guide elements for creating a controlled free-

form (Figure 6). 

 

 
 

Figure 6 Representation of the 2 lateral planes. 

 

In figure 7 highlights the two surfaces resulting from 

the construction carried out on the two lateral planes. Each 

surface is generated using as delimiting elements the 

baseline defined on the lower plane and the ”Witch of 

Agnesi” positioned on the upper plane. These surfaces act 

as intermediate elements in defining the final free form. 

By constructing the two surfaces separately, a more 

precise control over the continuity and behaviour of the 

free form is obtained, reducing the risk of non-uniform 

deformations in the final surface generation stage. 

 

 
 

 
 

First face. Second face. 

Figure 7 

 

Next are the three ways to define the surface using the 

Patch command in the Surface section. The differences 

between the cases consist in the number of entities 

selected, the blue ones being the ones selected, to delimit 

the surface, which directly influences the shape and the 

degree of control over the resulting free-form. 

The definition mode is performed for one of the faces. 

The procedure is applied identically for the opposite face, 

using the same entity selection principles. 

• Case 1 – definition by 2 entities 

In the first case, the free surface is generated by 

selecting two entities: the ”Witch of Agnesi” and one of 

the lines made on a lateral plane. 

In this configuration, the surface is minimally defined, 

with a low degree of geometric constraint. In this case, 

little editing will be required after generation (figure 8). 
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Figure 8 Case 1. 

 

• Case 2 – definition by 3 entities 

The second case involves selecting three entities: the 

”Witch of Agnesi” and the two lateral lines corresponding 

to the left and right lateral planes. 

By adding the second lateral line, the surface becomes 

better controlled transversely, reducing non-uniform 

variations and establishing the lateral boundaries of the 

shape more clearly (Figure 9). 

• Case 3 – definition by 4 entities 

In the last case, the surface is generated by selecting 

all four contour entities of the face, namely, the ”Witch of 

Agnesi” and the three boundary edges. 

This variant offers the highest degree of geometric 

control, since the surface is completely bounded by a 

closed contour, resulting in a stable and predictable free 

form (figure 10). 

 

  
 

Figure 9 Case 2. Figure 10 Case 3. 

 

• Case 1 – defining the surface by 2 entities 

For this configuration, only the two entities necessary 

to generate the surface were kept visible, the ”Witch of 

Agnesi” and the line corresponding to the lateral plane. 

The first figure highlights these entities that will define 

the surface. 

The next stage presents the result obtained after 

applying the Patch command and selecting the two 

entities. The generated surface is minimally defined, 

having a reduced degree of geometric constraint (figure 

11). 

Subsequently, the excess surface is eliminated. The 

following figure illustrates the use of the Trim command, 

by selecting the ”Witch of Agnesi” and the upper portion 

of the surface that is not necessary to define the final shape 

(figure 12). 

In the last stage, the excess surface is eliminated 

relative to the lateral plane. The respective plane is 

selected as a cutting element, and the portion of the surface 

outside the imposed limit is removed, thus obtaining the 

desired free shape (figure 13). 

 

 
 

Figure 11 Selection of the 2 entities. 

 

 
 

Figure 12 Removing the upper excess. 

 

 
 

Figure 13 Elimination of lateral excess. 

 

A quad mesh is created on the two generated surfaces, 

using the surface to Free-form conversion. Choosing a 

quad mesh allows for better control of continuity and main 

deformation directions compared to a triangular mesh. 

After converting the surface to mesh using the Convert 

to Free-form command, the geometry becomes editable at 

the face, edge, and node level (Figure 14). 

Subsequently, the edited shape can be converted to a 

solid using the Convert to Solid command in the free-

forms mode, allowing the application of classic parametric 

modelling operations, such as fillet, shell, pattern, etc., or 

preparing the model for analysis, such as simulation or 

export to a CAE software. 
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Figure 14 Final free form for the first case. 

 

• Case 2 – defining the surface by 3 entities 

Figure 15 shows the free form obtained by selecting 

three entities: the ”Witch of Agnesi” and the two lateral 

lines corresponding to the lateral planes. 

By introducing the second lateral line, the surface 

becomes better controlled transversely compared to the 

first case where only two entities are selected, namely the 

”Witch of Agnesi” and a line on the lateral plane. The 

curvature distribution is more uniform in the central area, 

and the lateral boundaries reduce uncontrolled variations. 

However, since the surface is not constrained by the 

fourth entity, i.e. the lower edge, it remains partially free 

in the base area. As a result, the generated shape takes on 

a more pronounced influence of the ”Witch of Agnesi”, 

which determines a pronounced bulge in the lower part of 

the surface. 

In the image, it can be seen that this deformation is 

more evident on one of the faces, while on the other it 

appears to a lesser extent. The difference is determined by 

the local orientation of the curvature and how the Patch 

command algorithm distributes the surface tension in the 

absence of full constraint. 

 

  
 

Figure 15 Final free form for the 2nd case. 

 

• Case 3 – defining the surface by 4 entities 

In the last case, the surface is generated by selecting 

all four entities that define the contour of the face. Thus, 

the surface is completely delimited by a closed contour. 

In Figure 16 from different views, it is highlighted that 

this method offers the highest degree of geometric control. 

The resulting shape is more predictable, and the 

distribution of curvature is more uniform over the entire 

surface. 

 

  
 

Figure 16 Final free form for the 3rd case. 

3. CONCLUSIONS 

 

The paper demonstrates the possibility of constructing 

and transferring a mathematical curve, the ”Witch of 

Agnesi”, from the AutoCAD environment to Autodesk 

Inventor, as well as its integration into a 3D modelling 

process based on free surfaces. 

The geometric construction performed in AutoCAD, 

through angular discretization and successive 

determination of intersections, allowed obtaining a 

coherent spline representation of the curve. Subsequent 

import into Inventor highlighted the advantage of reusing 

2D geometry in 3D parametric modelling. 

The comparative analysis of the three ways of 

generating the surface using the Patch command showed 

that the number of selected entities directly influences the 

stability and control of the resulting shape. Under 

constrained surfaces (2 or 3 entities) present local 

variations in curvature and tendencies to bulge, especially 

in the lower unconstrained areas, where the influence of 

the ”Witch of Agnesi” becomes dominant. In contrast, the 

complete definition by 4 entities leads to a more stable and 

predictable surface. 
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